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2 Clains. 

This invention deals with a gauge, and more 
particularly a pressure gauge, although Some 
features of the invention are applicable also to 
gauges of other types. 
An object of the invention is the provision of a 

generally improved and more satisfactory gauge, 
so designed and constructed that it may be made 
economically and quickly, of few parts, and will 
be sturdy and reliable in Operation. 
And ther object is the provision of an improved 

diaphragm construction, and of improved means 
for holding the diaphragmi place. 

Still another object is the provision of a dia 
phragan construction particularly useful in in 
struments for registering temperature in accord 
ance with the vapor tension of a fluid whose 
vapor tension is not a straight-line function of 
the ternperature to be reasured. 
A further object is the provision of a novel and 

improved method of constructing the diaphragm 
holding means. 
To these and other ends the invention resides 

in certain improvements and combinations of 
parts, all as will be hereinafter more fully de 
scribed, the novel feaatures being pointed out in 
the claims at the end of the specification. 

in the drawing: 
Fig. is a section taken centrally through a 

gauge constructed in accordance with one em 
bodiment of the invention; 

Fig. 2 is a section through the rear end of the 
gauge shown in Fig. 1, on a larger scale, illus 
trating additional details; 

Fig. 3 is a diagrammatic view illustrating the 
method of making the construction. shown in 
Fig. 2; 

Fig. 4 is a view similar to a fragment of Fig. 2, 
showing a modification of the diaphragm means; 

Fig. 5 is a view similar to Fig. 4 showing an 
other modification thereof; 

Fig. 6 is a view of diaphragm means construct 
ed in accordance with still another embodiment 
of the invention, particularly for use in vapor 
tension thermometers, and 

Fig. 7 is a graph illustrating the vapor tension 
curve of a typical fluid for which the construction 
shown in Fig. 6 is designed. 
The same reference numerals throughout the 

Several views indicate the same parts. 
This application is a continuation in part of 

Our copending application for patent on Gauge 
construction, Serial No. 84,662, fled June 11, 
936, issued July 12, 1938 as Patent No. 2,123,532. 
Certain subject matter, disclosed but not claimed 
in the present application is claimed in said ap 

(C. 137-157) 
plication No. 84,662, or in our companion appli 
cation for patent on Gauge damping construc 
tion, Serial No. 134,588, filed April 2, 1937, issued 
February 14, 1939 as Patent No. 2,147,031. 

PATENT OFFICE 

In one form of gauge herein disclosed as a pre- is 
ferred example of the present invention, the 
gauge includes a Casing having a main cylindrical 
portion 30, which contains the principal operat 
ing parts of the gauge. At the rear end of this 
portion 30 is an annular inwardly extending wall 
3, connected to the forward edge of another cy 

O 

lindrical wall portion 32, of smaller diameter and 
shallower than the portion 38. The cylindrical 
Wall portion 32 forms a pocket which receives the 
pressure responsive diaphragm means. At the 
rear edge of the portion 32 is an inwardly ex 
tending flange or Wall 33 which merges into a 
stem portion 34 which may be threaded inter 
nally or externally, as desired, for connection to 
a conduit, tank, or other suitable article subject 
to the pressure to be indicated. 
Within the main chamber formed by the cy 

lindrical Wall portion 30 is a mounting plate 40 
held in place by suitable means such as studs & 
passing through the plate, and integral with the 
rear Wall 3 of the chamber. Struck up portions 
On the mounting plate 40 form journals or bear 
ings for a shaft 43 which extends approximately 
diametrically with respect to the casing 30 and 
which is provided near its middle with a crank 
portion 44, which overlies a stud 45 mounted on 
the pressure responsive diaphragm, as described 
in greater detail below. 
As the diaphragm moves in response to pres 

sure variations, the stud $5 moves in a direction 
axially of the gauge and, by acting upon the 
crank portion 44, turns the shaft 3. A larger 
crank 47 at the lower end of the shaft 43 is thus 
moved in accordance with the movements of the 
diaphragm. ... The crank 4 lies against one side 
of and transmits its movements to an arm 48 
formed as an extension of one arm of a gener 

5 
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ally U-shaped member 49 loosely pivoted on a 
bearing pin 59 secured to the mounting plate 40. 
The other arm of the U-shaped member 49 is 
extended at 5 in a general direction toward the 
center of the casing 30, and the extension is pro 
vided with an arcuate portion having gear teeth 

, thereon concentric with the pivotal axis 50. 
Thus as the stud 45 of the diaphragm is moved, 
the motion thereof will be transmitted to the 
gear segment, but the gear segment will have 
a greatly enlarged extent of motion relatively to 
that of the stud 45, not only because of the en 
larging effect due to the size of the crank arm 
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4 with relation to the size of the crank 4, but 
also because of the further enlarging effect due 
to the distance of the gear teeth on the arm 5 
from the pivot 50, with respect to the distance of 
the arm 48 from the pivot 50. 
At suitable Spaced points around the circum 

ference of the cylindrical casing portion 30 cuts 
are made in the wall 30 and portions of the wall 
are forced inwardly as indicated at 60, to form 
ledges or Seats on which the dial plate 6 may 
rest. The dial plate is provided with a hole 
of the proper size and in the proper location to 
receive the end of the pin 50, so that when the 
dial plate is impaled upon the pin 50, as shown 
in Fig. 1, the dial plate is properly oriented with 
respect to the operating mechanism of the gauge. 
In the center of the dial plate is a bushing 66 
in the form of a hollow rivet which extends 
through the plate and serves to connect the plate 
firmly to a U-shaped bracket 6 supported by 
the plate. The needle shaft 68 extends through 
the bushing or hollow rivet and is journaled 
therein near its forward end, the rear end being 
journaled in the bracket 67. The front end of 
the shaft 68 carries the needle or pointer 69 
which sweeps over suitable, scale graduations on 
the front face of the dial plate 6. A pinion 
70 fixed to the shaft 68 behind the bushing 66 
meshes with the gear teeth on the member 5, 
while behind the pinion 70 is a colled hair spring 

having one end secured to a hub or collar on 
the shaft 68, and having its other end secured at 
72 to the bracket 67. This hair spring constantly 
tends, with a slight force, to rotate the needle in 
one direction, thus taking up backlash between 
the pinion 70 and the gear teeth on the member 
5, and holding the crank 44 always against the 
stud 45. 
In front of the dial plate 6 and the needle 

69 is a transparent plate 80 of glass or other 
suitable material the periphery of which may rest 
upon the front edge of the casing portion 30. 
The glass may be held in place by a bezel having 
a cylindrical portion 8 fitting. Over and surround 
ing the casing portion 40 and forming a tight 
press fit therewith, if desired, the bezel also hav 
ing an annular inwardly extending portion 84, 
which overlies a Washer or gasket 82 and retains 
this gasket in place against the front face of the 
peripheral portion of the transparent plate 80. 
A second gasket 90 may be placed beneath the 
glass 80, and a sleeve or spacing ring 9 may-be 
placed between the gasket 90 and the dial plate 
6 to hold the dial plate firmly seated against the 
abutment 60. 
The parts above described constitute an illus 

trative embodiment of a gauge body and means 
for operating the needle from the movements of 
the diaphragm, but such parts may be varied at 
will and do not, of themselves, constitute part 
of the present invention. The invention herein 
claimed relates to the construction and manner 
of mounting the diaphragm means, and one em 
bodiment thereof Will now be described with ref 
erence particularly to Fig. 2 of the drawing. 
The diaphragm means in this first embodiment 

of the present invention comprises a pressure re 
sponsive diaphragm 00 of relatively thin metal, 
preferably corrugated concentrically to render it 
more flexible, and a relatively stiff and unyielding 
guard plate Oil of substantially thicker metal, 
preferably correspondingly corrugated so that if 
the diaphragm foo be sufficiently displaced ax 
ially, as by subjecting it to heavy pressure, sub 
stantially the entire face of the diaphragm may 

2,220,902 
come into contact with the guard plate () and 
be supported thereby against rupture., the oper 
ating stud 45 previously mentioned is Secured to 
and projects forwardly from the front face of the 
diaphragm (06 at its center, and the guard plate 
O is provided with a central opening 102 through 

which the stud 45 extends. 
A gasket 4 is placed between the diaphragm 

200 and the guard plate of adjacent their pe 
ripheries. This gasket is preferably of a sub 
stantially incompressible material. One of the 
principal purposes of the gasket is to provide a 
sharp line of separation between the diaphragm 
and the guard plate, so that as the diaphragm of 

C 

this embodiment of the invention moves back l 
and forth under the influence of pressure varia 
tions, the effective diameter of that part of the 
diaphragm which is subject to movement will re 
main constant so long as the diaphragm is not 
subjected to Such excessive pressures as will cause 
it to lie fiat against the guard plate. In other 
words, in this embodiment of the invention, the 
diaphragm during its normal fluctuations or 
movements does not come into contact with any 
part of the guard plate, and has at all times a 
constant effective diameter subjected to the pres 
sure to the right of the diaphragm. Only when 
excessive pressure is applied to the diaphragm 
does it contact with and become supported by the 
guard plate O. 
The peripheral edge of the diaphragm 00 may 

be, and preferably is, bent into cylindrical shape, 
to extend forwardly past the periphery of the 
guard plate of, as indicated at 05, and is then 
bent radially inwardly as at 6, thus Securely 
locking together the members 00 and 0 of the 
diaphragm assembly or diaphragm means. This 
diaphragm assembly is placed within the Small 
cylindrical chamber formed by the cylindrical 
wall portion 32 of the casing and is seated against 
a gasket 09 which lies against the flange 33 and 
prevents the diaphragm assembly from moving in 
one direction, that is, in a direction axially back 
wards or toward the right when viewed as in FigS. 
1 and 2. According to the present invention, 
novel and improved means is provided for holds 
ing the diaphragm assembly against movement 
in the opposite direction, that is, in a direction 
axially forwardly or toward the left when viewed 
as in Figs. 1 and 2. This improved holding means 
is formed by the method indicated diagrammati 
cally in Fig. 3, to which reference is now made, 
After the diaphragm assembly has been 

placed within the cylindrical wall portion 32, a 
tool f is alined concentrically with this cylin 
drical portion 32. The tool to has, around its 
entire periphery, a sharp annular cutting edge 

of a diameter slightly greater than the ex 
ternal diameter of the diaphragm assembly, or 
the internal diameter of the cylindrical wall 
portion 32. This tool. O may constitute part of 
a press. The tool is then forced downwardly 
from the position shown in Fig. 3, so that the 
sharp cutting edge i? cuts into the metal of 
the wall 32 all the way around the periphery of 
the diaphragm assembly, and cuts, in effect, an 
annular slice from such metal, extending all the 
way around the periphery of the diaphragm as 
sembly. The inclination of the lower surface 
2 of the tool causes this annular slice of metal 

to be bent inwardly and downwardly upon or 
onto the periphery of the diaphragm assembly, 
as indicated at 3 in Fig. 2. The portion. 3 
remains attached to and forms an integral part 
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of the metal of the wall portion 32, and con 



stitutes an excellent abutment or pressure re 
sisting means for holding the diaphragm assem 
bly properly seated in the casing and preventing 
forward movement thereof under the influence of 
pressure on the rear side of the diaphragm. The 
operation of cutting down the side walls 32, and 
bending them inwardly over the edge of the dia 

"staking' operation. . 
Frequently the integral flange 

phragm may be conveniently referred to as als 

portion 3 provides a sufficient fluid tight seal 
around the periphery of the diaphragm assem 

s 

bly, but usually it is preferred to employ addi. 
tional 'sealing means. This is conveniently in 
the form of a body of solder, applied in a 
continuous annular body around the entire pe 
riphery of the diaphragm assembly, in a molten 
state, and usually to a sufficient extent to cover 
completely the flange 3 and extend a substan 
tial distance axially outwardly along the wall 32 
and radially inwardly along the guard plate 10, 
as readily apparent from Fig. 2. It is found that 
solder thus applied in a molten or substantially, 
molten condition and then allowed to solidify 
forms an excellent seal at this point and pre 
vents all possibility of fluid leakage past the 
diaphragm assembly. It is also to be noted that 
the solder contacts directly with the portion 06. 
of the diaphragm fee, and thus directly seals the 
joint between the diaphragma 60 and the casing, 
so that it does not leak whether or not there is 
a perfect fluid tight joint between the periphery 
of the diaphragm 60 and the periphery of the 
guard plate 0 . An alternative form of diaphragm assembly 
is indicated in Fig. 4, in which the diaphragm is 
shown at ea and the guard plateated. In 
stead of using a gasket 64 between the dia: 
phragm and the guard plate in order to obtain 
constant working diameter of the diaphragm, 
the arrangement here employed is to extend the 
guard plate rearwardly at its periphery to form 
a cylindrical flange 25, the inner surface of 

5. 

s 

which is substantially truly cylindrical for a 
material distance. The diaphragm 00a has a 
similar cylindrical fange 26 fitting within the 
fiange 25 of the guard plate, and it may termi 
nate in an annular radial flange 2 spaced from 
the rear edge of the fange 25 by an interposed 
gasket 28. The diaphragm Goa is so shaped 
that it curves away from and leaves the guard 
plate Gia at a point on the flange 25 where the 
flange is still truly cylindrical. Thus, notwith 
standing flexing of the diaphragm, the effective 
diameter thereof does not vary, but always re 
mains the same so long as the diaphragm is not 
subjected to such excessive pressures that it is 
actually made to lie against the guard plate. 
A gasket 8a may be employed between the 

diaphragm flange 2 and the casing portion 33, 
and the whole diaphragm assembly may be fas 
tened in place by a staking operation, which 
forms a fange 3a similar to the flange 3 
above mentioned. A sealing body 5a may be 
employed, corresponding to the sealing body dis 
of the previous embodiment. . . . 

In Fig. 5 of the drawing there is shown an 
other embodiment similar in general to that in 
dicated in Fig. 4. This embodiment includes a 
cylindrical flange 25b on the guard plate b, 
and the diaphragm (b has a cylindrical flange 
226b fitting within the flange 25b. As before, 
the separation between the diaphragm and the 
guard plate occurs at a point where the fange 

O deformed 
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125b is cylindrical, so that axial movements of 
the diaphragm do not result in changes in the 
effective. working diameter thereof. 
At 127b the diaphragm is extended radially 

outwardly past the rear edge of the guard plate. S 
flange 25b, and then at 30 the diaphragm is 
bent forwardly along, the outer edge of the guard 
plate glob, to a point where it will contact with 
the sealing body, 5b. A gasket 28b. may be, , , 
interposed between the rear edge of the guard lo 
plate flange 25b and the diaphragm flange 27b. 
The advantage of this construction. Over that 
shown in Fig. 4 is that the sealing body St 
here contacts directly with the metal of the 
diaphragm itself, and seals the diaphragm to the ls 
casing, irrespective of any leakage which might 
occur between the diaphragm and the guard 
plate. In the construction shown in Fig. 4, how 
ever, the sealing means fia does not come di 
rectly into contact with the diaphragm Oa, 
and if the construction were somewhat defec 
tive, leakage might occur around the edge of the 
diaphragm and into the space between the dia 
hig and the guard plate after which the fluid could easily escape into the gauge through 

the opening 92 in the guard plate . . . . 
Except for the differences abovementioned, the 

alternative constructions described in connection 
with Figs. 4 and 5 may be identical with the cont 
struction previously described in connection with 
Figs. 1 and 2. . . . . . . . . . . . . . . 
In the constructions described with reference 

to Figs. 2, 4, and 5, provision has been made for 
maintaining the effective working diameter of the 
diaphragm constant during flexure of the dia 
phragm, except when excessive flexure causes 
the diaphragm to come into contact with the 
guard plate. This maintenance of constant 
working diameter is highly desirable in various 
types of measuring instruments, such as straight 
pressure gauges, where the scale on the dial plate 
6 is graduated in terms of the pressure acting 
on the rear side of the diaphragm. In such 
cases, the extent of displacement of the center 
of the diaphragm is substantially a straight-line 
function of the pressure acting upon the dia 
phragm, so long as the effective working diam 
eter of the diaphragm remains constant, and the 
graduations on the dial 6 can be spaced ap-. 
proximately evenly or uniformiy. . . 50 
For certain types of measuring instruments, 

however, the foregoing arrangement is not 
wholly satisfactory. For example, if the par 
ticular instrument in which the diaphragm as 
sembly is employed is a vapor tension thermom 
eter, the vapor tension or pressure behind the 
diaphragm may not be a straight-line function 
of the temperature of the fluid behind the dia 
phragm. Hence, a temperature increase of one 
degree at one point in the temperature range of . 
the instrument would cause a different pressure 

4. 

45 

55 

increase acting on the diaphragm than would be 
caused by a similar temperature increase of one 
degree at another point in the range of the in 
strument. Unless provision is made for con 
pensating for this difference, the scale on the 
dial plate 6 could not be graduated evenly or 
uniformly, but would necessarily be graduated in 
a non-uniform manner, with the graduations rep 
resenting equal temperature differences farther 
apart at one part of the scale than at another 
part of the scale. . . . . ' 

As an example, to illustrate this difficulty, 
there is shown in Fig. 7, somewhat schematically 
or diagrammatically, a part of a vapor pressure 
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4. 
curve of a typical fluid frequently used in vapor 
tension thermometers, namely, dichlormethane or 
methylene chloride, 
uated horizontally, along the bottom of the fig 

5 ure, in degrees Fahrenheit, and is graduated ver 
tically along the left hand side of the figure, in 
pounds pressure per square inch. It will be seen 
that, especially in the portion of the curve be 
low 250 F., the vapor tension or pressure is not 

10 a straight-line function of the temperature, and 
a temperature change from 125 to 150 would 
cause quite a different pressure change than a 
temperature change of the same amount, from 
225° to 250. 
A diaphragm assembly particularly designed 

for use in situations of this kind is illustrated di 
agrammatically in Fig. 6. Here the diaphragm 
is shown at 100c and the backing plate at 101c. 
The backing plate is so shaped that it curves 
gradually farther and farther away from the 
diaphragm in a direction from the periphery to 
ward the center, as will best be understood from 
a study of Fig. 6. In other words, the backing 
plate is corrugated to correspond to the corru 
gations of the diaphragm, as shown, but the gen 
eral shape of the backing plate, along a radial 
section, is curved in the same general direction 
as the curvature of a pseudosphere rather thal 
being straight or conical as in the case of the 
backing plates of Figs. 2, 4, and 5. A radial line 
drawn through the tops of the successive corru 
gations on one side of the backing plate will be a 
curved line, curving farther and farther away 
from the diaphragm from the periphery toward 
the center, in this form of construction shown in 
Fig. 6, instead of an approximately straight line 
as in the previous embodiments. The gasket 04 
is omitted with this construction, and the dia 
phragm and the backing plate are preferably in 
direct contact with each other near their periph 
eries. s 

With this construction, as will be readily ap 
parent by careful study of Fig. 6, pressure acting 
on the back of the diaphragm and displacing it 

45 rightwardly when viewed as in Fig. 6 will gradu 
ally decrease the effective working diameter of 
the diaphragm as the extent of displacement in 
creases. In other words, as the diaphragm flex 
es, a greater and greater extent of its periphery 

50 or margin comes into contact with and lies flat 
against the backing plate, and the part of the 
diaphragm thus lying against the backing plate 
is no longer an effective working part thereof, 
so that the effective working diameter of the 

ss diaphragm decreases until finally, in the extreme 
position under high pressure, substantially the 
whole diaphragm lies against the face of the 
backing plate. 
This arrangement of diaphragm assembly per 

mits the scale on the dial plate 6 to be gradu 
ated approximately evenly or uniformly, not 
withstanding the fact that the units of measure 
used on the scale (such as degrees of tempera 
ture) are not a straight-line function of the 

65 pressure acting upon and displacing the dia 
phragm. In other words, when the pressure act 
ing upon the diaphragm is relatively low, an in 
crease of a certain amount in that pressure moves 
or displaces the center of the diaphragm to a 

70 certain extent, the diaphragm then being of rela 
tively large effective diameter. When the pres 
sure acting on the diaphragm is higher, however, 
the diaphragm has a smaller effective working 
diameter, and then the same increase in the 

is pressure acting upon the diaphragm would cause 

5 

The graph in Fig. 7 is grad 
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a lesser displacement of the center of the dia 
phragm, thus compensating for the fact that at 
higher pressures a given increase in pressure 
should not cause as great a movement of the 
temperature indicating needle as the same in 
crease in pressure should cause at a lower part 
of the scale. - 
The diaphragm 00c, like all of the previous 

diaphragms, may carry a centrally located stud 
45c for operating upon the crank 44 of the oper 
ating shaft 43, and this stud, as in the case of the 
studs on the preceding diaphragms, may be se 
cured and sealed to the diaphragm by forming a 
rivet head 200 on the end of the stud which 
passes through the diaphragm, and by sealing 
around the edges of the rivet head by means of 
a sealing body 20 of solder or the like. 
To eliminate or reduce unnecessary fluctua 

tions in the diaphragm, the gauge may be pro 
vided with pulsation damping means, including, 
for example, a sleeve 40 sealed within the stem 
portion 34 of the diaphragm, another sleeve f4 
sealed within the sleeve 40, and a plunger or 
plug 43 movable longitudinally through the 
sleeve f4 through a limited range of movement, 
the plunger 43 being of slightly smaller diam 
eter than the opening through the sleeve 4 in 
which it is located, so that there is a small annular 
space surrounding the pin 43 through which 
the pressure variations to the right of the damp 
ing device may reach the diaphragm to the left 
of the damping device. This damping device is 
not claimed per se in the present application, but 
is claimed in one of the copending applications 
previously mentioned. 
While, certain embodiments of the invention 

have been disclosed, it is to be understood that 
the inventive idea may be carried out in a num 
ber of ways. This application is therefore not to 
be limited to the precise details described, but is 
intended to cover all variations and modifications 
thereof falling within the spirit of the invention 
or the scope of the appended claims. 
We claim: 
1. A pressure gauge of the type including a cas 

ing wall having a substantially cylindrical sec 
tion of substantial length and extending approxi 
nately radially OutWardly at One end of said 

cylindrical section and approximately radially in 
wardly at the opposite end of said cylindrical 
Section, and a diaphragm assembly within and 
extending across said cylindrical section and 
Seated against Said inwardly extending part of 
Said Wall, said cylindrical section of said wall be 
ing of materially, greater axial length than the 
axial thickness of said diaphragm assembly at its 
peripheral edge adjacent said Wall, characterized 
by the fact that a portion only of the thickness of 
said cylindrical Wall section between said dia 
phragm assembly and said outwardly extending 
part of said wall is partially cut from the re 
mainder of the thickness thereof around substan 
tially the entire periphery of said diaphragm as 
sembly and deformed inwardly and downwardly 
into overlying relation to the periphery of said 
diaphragm assembly to hold said assembly seated 
against said inwardly extending part of said wall. 

2. The combination of a casing including walls 
forming a hollow cylindrical portion of substan 
tial axial length, said walls extending approxi 
mately radially inwardly for a distance at one 
end of Said cylindrical portion and approximate 
ly radially outwardly for a distance at the oppo 
site end of said cylindrical portion, a sheet metal 
guard plate having an opening through the guard 
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plate adjacent the center thereof and having a 
series of annular corrugations between said open 
ing and the periphery of the plate, a flexible sheet 
metal diaphragm lying adjacent said guard plate 
and having a projection allined with said opening 
in said guard plate and also having a series of 
annular corrugations substantially mating in 
complementary fashion with those of said guard 
plate when said diaphragm is displaced to its 
maximum extent so as to lie substantially against 
said guard plate, said diaphragm and said guard 
plate together lying in said cylindrical portion of 

5 
said casing and being seated approximately 
aganist said inwardly extending Walls, and a 
flange formed integrally from a part only of the 
thickness of said cylindrical Wall portion and bent 
inwardly and downwardly into overlying rela 
tion to said diaphragm and guard plate to hold 
the marginal edges of said diaphragm and guard 
plate against displacement in a direction away 
from said inwardly extending radial walls. 

HERBERT HASTINGS, 
GEORGE E. FORD. 
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