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T'o all whom it may. concern:
Be it known that I, Jorx Twarpowsxy,
citizen of Russia, residing at Chicago, in
the county of Cook and State of Iilinois,
5 have invented certain new and useful Im-
provements in a Diaphragni-Actuated Mech-
- anism; and I do hereby declare the follow-
ing to be a full, clear, and exact description
of the invention, such as will enable others
10 skilled in the art to which it appertains to
mdke and use the same. , ‘
My ‘invention- relates to diaphragm-actu-
ated mechanisms and in its general objects
aims to provide simple and effective means
15 for limiting the flexing of a hollow dia-
phragm so as to prevent undue pressure va-
riations from imparting a permanent set to
the diaphragm. Furthermore, my inven-
tion provides pressure-transmitting means
arranged for permitting  the - émployment
of a hollow diaphragm of relatively  large
diameter, thereby securing a high degree of
sensitiveness in' proportion to the available
- power. It also provides a simple mounting
25 arranged for retaining the pressure-trans-

mitting means in operative position and also

arranged. for limiting the flexing of both

faces of a hollow and relatively short dia-

phragm without interfering with the re-
30 -sponsiveness of the diaphragm to variations

in pressure. - Still further and also more de-
tailed objects will appear from the follow-

ing specification and from the accompany-
ing drawings, in which . R '
TFig. 1.is a central and vertical section
through the actuating portion of a  dia-
phragm-actuated switch of a kind suitable
“for controlling a supply of current to a me-
chanical refrigerator in response to the pres-
40 _sure in the expansion coil of the refrigera-
tor. : P ‘ :

Fig. 2 is a plan view of the same mecha-
nism taken from below the upper guard
member, or along the line 2—2 of Fig. 1. -

% Tig. 8 is a fragmentary vertical and cen-
tral section through the diaphragm and the
adjacent portions of the mechanism, show-
ing these parts as they appear when the pres-
sure within -the diaphragm 'is considerably
below :the pressure of the outside air, or in
cther words. when the diaphragm is con-

- tracted. ‘ o

. Fig. 4 is a section similar to Fig. 8 but
~showing the diaphragm as it appears when
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expanded by an internal pressure consider-
ably increasing that of the outer air.

Iig. 5 is a section similar to a portion
of Fig. 1 but showing another arrangement
of the guards and showing the mechanism’ as
employed  without a pressure-transmitting

disk.

~In one of its immediate commercial appii-
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cations, my invention is particularly suited |

tor use in controlling the circuit of an elec-
tric motor employed as part of a mechanical

refrigerator, so as to stop the operation of -

the motor automatically when the tempera-~
ture within the refrigerating chamber falls
to a certain point and so as to restart the
motor whenever the temperature rises be-
yond this point.- For this purpose, I have
~disclosed a suitable switch in my. applica-

tion #:524,991, filed Dec. 27, 1921, on a ther- .

mally responsive electric switch. In this

application, I am picturing and describing a ¥

switch responsive to pressure variations in
a hollow diaphragm, this diaphragm having
_its interior connected to a tube disposed
within the refrigerating chamber and con-
taining a controlling fluid which vaporizes
at a temperature approximating that which
is to be maintained in the refrigerating
chamber, so that the variations in the extent
of the vaporizing of the fiuid within the
tube will produce corresponding pressure
changes within the interior of the hollow
diaphragm. ‘ o ‘

- While mechanism for this purpoese can
-readily be “constructed after the manner
shown in my said accompanying application
s0 as to be fairly sensitive to temperature va-
riations in the refrigerating chamber, the
‘apparatus: must. also be able to withstand
‘the much greater temperature differences
and  corresponding =~ pressure - differences
in the diaphragm which occur when the re-
frigerator is mot in use. Thus, while the
varlation in pressure differences within the
hollow diaphragm may be relatively small
during the normal operation of ‘the refrig-

erator; these differences are greatly in-

creased when the refrigerator is standing
idle at the factory or in transit; as the re-
sulting increase in temperature vaporizes an
abnormal portion of the controlling fluid
and hence creates an abnormally high pres-
sure within the hollow diaphragm, thereby
tending to flex the diaphragm to such an ex-
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tent as to impart a permanent set to its
walls.

My present invention aims to overcome
this difiicuity and also aims to provide sin-
ple means for limiting the flexing of the dia-
phragm to certain portions thereof, thereby
perniitting the effective use of diaphragms
of such increased diameters as will afford
the desired sensitiveness of action. For this
purpose, I provide a mounting for the dia-
phragm which includes guard formations
adapied *o be engaged to an increased ex-
tent by the opposite faces of a velatively flat
hollow diaphragm during the expansion of
the valve, and T also employ a pressure-dis-
tributing miember arvanged for limiting the
flexing of one face of the diaphragm to its
radially outward portions. Furthermore, i
provide a mounting which will readily hold
the pressure-transmitting member in opera-
tive position, which will permit the spacing

between the guard portions of the mounting

to be varied if desived, and which will read-
ily permit access to the diaphragim for an in-
spection of the latter or for any other pur-
pose.

Tn employing such a mechanisin for the
general purpose described 1n my copending
application, I connect one end of the control
tube 1 which houses the controlling fluid
throngh the bore of a cup 2 to the interior
of a hollow diaphragm comprising a pair of
approximately parallel disks 3 and 4 con-
nected by wn approximately cylindrical wall
5, the upper diaphragm face 4 being imper-
torate while the lower diaphragm face 3has
a perforation which houses the mouth por-
tion of the cup 2 and is sealed to the latter.

"This mouth portion of the cup 2 extends
through a bore in a base plate 6 which nor-
mally bears at least along its radially inner
portion aguinst the bottom disk 3 of the dia-
phragm, while an upper guard 7 is disposed
above the base plate 6 and spaced from the
Tatter by hollow bushings 8, the guards 7Tand
6 heing rigidly secured to each other by
serews O which extend respectively through
the hores of the spacer bushings 8 and which
clamp these bushings between the two plates.

The upper guard 7 desivably has integral
with it an inverted cup portion 10 which is
bored out and threaded at its upper end to
receive an adjustable bushing 11 Thisbush-
ing has a bore affording a guide for the
plunger 12 employed for transmitting the
vaviations in the flexing of the diaphragm,
and a pressure-transmitting disk 13 is de-
sirably interposed between the Jower end of
this plunger 12 and the upper wall 4 of the
diaphragm. ‘The hollow cup 10 also houses
2 compression spring 14 which bears at its
lower end against the disk 13 and at its up-
per end against a washer 15 engaging the
lower end of the bushing 11. The spring 14
cooperates with the pressure of the outer air
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in resisting the expansion of the diaphragm
and can be adjusted as to the extent of this
cooperation by screwing the bushing 11 fur-
ther in or out, thereby permitting the effec-
tive outer pressure to be adjusted so nearly
equal to-the internal pressure within the dia-
phragm under operating conditions as to
make the diaphragm quite sensitive In ac-

tion. Then the resulting movement cf the

plunger 12 is transuitted through a lever 16
to any desired mechanism which is to be op-
erated by the expansion or contraction of the
diaphragm. To hold the pressure-distribut-
ing disk 13 central, the Tower face of the up-
per guard 7 has a recess slidably housing
this disk and desirably of a depth corre-
sponding to the thickness of this disk.
With the parts thus arranged, it will be
obvious that the disk 18 limits the flexing
of the upper or imperforate wall of the dia-
phragm substantially to the portions of that
wall swhich ave cutward of the disk. How-
ever, this disk does not interfere with the
flexing of the said outward portions of the
upper diaphragm wall 4, nor with the flex-
ing of the lower diaphragm wall 3. In prac-
tice, a comsiderable veduction of pressure
within the hollow diaphragm causes the
combined effect of the outer air pressure and

of the spring 14 to compress the diaphragm

to the position shown in full lines in Fig. 3,
or even that shown in dotted lines in the
same figure, while a decided increase in the
pressure within the diaphragm above the
combined pressure effect of the external air
and of the spring 14-will cause the diaphragm
to expand to an approximately elliptical sec-
tion somewhat after the manner shown in
Fig. 4. When thus expanded, the lower wall
3 of the diaphragm engages the top of the
lower guard plate 6 to an extent increasing
vadially outward of this wall as the pres-
sure increases, and the same holds true as to
the engaging of the upper guard T by the

top diaphragm wall 4. Dy suitably spacing:

the twe guards 6 and T, which can readily
Le done by selecting bushings 8 of suitable
height, T can limit the expansion of the dia-
phragm quite effectively, so as to avoid hav-
ing the upper and lower diaphragm walls
flexed to stich an extent that they would not
veadily be flexed back when the applied pres-
sure is discontinued. '

By using spacer bushings 8 which bring
the guards fairly close to the opposite faces
of the diaphragm, I can readily limit the
flexing of the diaphragm walls in this sim-
ple manner, while employing a diaphragm
of such a diameter as to insure both the
needed actuating thrust on the plunger 12
and the desived sensitiveness of action. In-
deed, I have found in practice that by this
arvangement 1 can readily employ a diame-
ter of say 5 inches diameter with a % inch
height, and can make a diaphragm of this
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size sufficiently sensitive to respond to such
pressure changes within the control tube 1
ds-are-due to fluctuations of a small fraction
of one degree in the temperature within
that tube, ‘

While it will be evident that the appa-
ratus as above described can readily be
standardized, it will also be evident that by
changing the height of the spacer bushings

8 I can vary the extent of the flexing, theve-
by adapting my arrangement to diaphragms

made of different metals or different thick-

nesses.of the same metal, and that T can fur-
ther control the flexing by varying the size

of the pressure-distributing disk 13. Tt will
also be evident that the movement imparted

to this disk can be transmitted in any de-

sired manner and for any desired purpose,
hence I do not wish to be limited to the em.-
ploying of my apparatus in connection with
an electric switch.  Nor do I wish to be
limited to the various details of construc-
tion and arrangement above described since
these might obviously be modified in many
ways - without departing . either from the

- spirit of my invention or from the appended

30

40

45

50

[
<

60

65

claims. - For example, the pressure trans-
mitting disk might be omitted, as shown
in Fig. 5, which figure pictures an arrange-
ment in which the compression spring 14

-and the plunger 12 both are in direct en-
gagement with the upper wall 4 of the hol--

low diaphragm, and. which also- picturés
the upper and  lower guards 17 and 18 as
spaced from each other by suitable offset
portions integral with these guard plates
and forming peripheral flanges which are
secured to each other by rivets 19.

L-claim as my invention :—

1. The combination with a hollow dia-
phragm of the general nature of a shallow
box having relatively flat heads adapted
to be convexed away from each other by
fluid pressure within the diaphragm, of a
support attached to one head; and a guard
supported by the other head; the guard in-
cluding a pair of guard plates respectively
adapted to limit the convexing of the two
heads of the diaphragm, and spacing means
interposed between the guard plates and
free of engagement with the diaphragm.

2..The combination with a hollow dia-
phragm of the general nature of a shallow
box having relatively flat heads adapted to
be convexed away from each other by fluid
pressure within' the diaphragm, of a sup-
port attached to one head; and a guard sup-
ported by the other head ; the guard includ-
ing ‘a pair of guard plates respectively

-adapted to'limit the convexing of the two

heads of the diaphragm, and spacing means
interposed  between the guard plates and
free of engagement with the diaphragm
and means interposed between the said other
head and the guard plate adjacent thereto

8

for holding the said other head out of en-
gagement with the last named guard plate
until a predetermined pressure has beep
reached within the diaphragm. = ‘

3. The combination with a hollow dia-

‘phragm of the general nature of a shallow

box having relatively flat heads adapted to
be convexed away from each other by fluid
pressure within the diaphragm, of a support
attached to one head, a pressuve distribut-
ing disk engaging the other head, and a
guard supported by the disk and including
two rigidly spaced guard plates respectively
adapted to engage the heads of the dia-
phragm so as to imit the convexing of the
said heads to areas increasing radially of
the heads as the pressure within the dia-
phragm is'increased.

4. The combination with a hollow’ diu-

-phragm of the general nature of a shallow

box having relatively flat heads adapted
to be convexed away from each other by
fluid pressure within the diaphragm, of a
support -attached to one head; a pressure
distributing disk engaging the other head,
a spring supported by the disk, and a guard
supported by the spring and including two
rigidly - spaced  guard plates respectively
adapted to engage the outwardly directed
faces of the two heads.

5. The combination with a hollow dia-
phragm of the general nature of a shallow
box having relatively flat heads adapted to
be convexed away from each other by fluid
pressure within the diaphragm, of a
support -attached to. one "head; a pres-
sure distributing disk engaging the other
head, a spring supported by the disk, -and

a guard supported by the spring and includ- :

ing two rigidly spaced guard plates: re-
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spectively adapted to engage the ontwardly

directed faces of the two heads, the radially
outer portions of the diaphragm being con-
tinuously free of engagement with the
guard, the guard plate adjacent to the said
other head being recessed to permit the pres-
sure disk to hold the said plate away from
the said other head when the pressure with-
in the diaphragm is low. ‘
6. The combination with a hollow dia-
phragm of the general nature of a shallow
box having relatively flat heads adapted to
be convexed away from each other by fluid
pressure within the diaphragm, of a sup-
port attached to one head: a pressure dis-
tributing disk engaging the other head,
a spring supported hy the disk, and a
guard supported by the spring and in-
cluding two rigidly spaced guard plates
respectively adapted to engage the outward-
ly directed faces of the two heads, the guard
plate adjacent to the said other head being
recessed -to permit the pressure disk to hold
the said plate away from the said other
head when the pressure within the dia-
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phragm is low; the pressure disk being
forced toward the last named guard plate
upon an increase in pressure within the dia-
phragim and being of such thickness as to
present its head-engaging face In a common
plane with the face of the last named guard
plate facing the said other head. when the
diaphragm is expanded by high pressure
within the latter. '

7. The combination with a hollow dia-
phragm of the general nature of a shallow

box having relatively flat heads adapted to

be convexed away from each other by fluid
pressure within the diaphragm and having
an inexpansible radially outer wall, of a
guard freely spaced from the said outer
diaphragm wall and including a pair of in-
flexible plates rigidly spaced from each
other by a distance greater than the height
of the said outer wall, the said plates being
respectively opposite the two heads of the
diaphragm and each adapted to engage the
adjacent head to an extent increasing radi-
ally of the diaphragm from the axis thereof
as the pressure within the diaphragm in-

creases.

8. The combination with a hollow dia-

phragm of the general nature of a shallow
box having relatively flat heads adapted to

be convexed away from each other by fluid
pressure within the diaphragm and -having

an inexpansible radially outer wall, of a

guard freely spaced from the said outer dia-
phragm wall and including a pair of in-
flexible plates rigidly spaced from each
other by a distance greater than the height

of the said outer wall, the said plates being

respectively opposite the two heads of the
diaphragm and each adapted to engage the
adjacent head to an extent Increasing
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radially of the diaphragm from the axis
thereof as the pressure within the dia-
phragm increases; and a pressure-distribut-
ing disk interposed between one of the guard
plates and the head adjacent theveto and
movable with the last named head and
adapted to limit the flexing of the Jast named
head to the radially inner portions thereot
until the diaphragm has been expanded to »
predetermined extent.

9. The .combination with a hollow dia-
phragm consisting of a relatively short sub-
stantially cylindrical portion connecting a
substantially flat imperforate disk with a
substantially flat perforate disk, of means
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for connecting the bore of the perforate disk '

to a source of variable pressure, a guard upon
which the perforate disk rests. 2 second
guard parallel to the first named guard,
hoth guards being of greater diameter than
the diaphragm, and means for spacing the
guards from each other by a distance slight-
Iy greater than the normal height of the
diaphragm.

10. A~ diaphragm arrangement as per
claim 9, in which the gnard adjacent to the
imperforate disk has a recess facing that
disk and smaller in diameter than the lat-
ter, and a pressure-transmitting disk slid-
ably housed by the recess. ‘

11. A diaphragm arrangement as per
claim 9, in which the guard adjacent to the

imperforate disk has a recess facing that

disk and smaller in diameter than the latter,

and a pressure-transmitting disk slidably

housed by the recess, and of a thickness sub-
stantially equal to the depth of the recess.
Signed at Chicago, Illinois, August 10th,
1928. ‘
JOHN TWARDOWSKY.
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