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6 Claims.

. This invention relates to a heat compensating,
diaphragm controlled, operating unit for dev1ces
operated by fluid pressure.

Up to the present time many devices’ operated
by fluid pressure have been produced for use in
various flelds. A particular problem which  is

confronted in the manufacture of such devices, -

and which is manifest particularly in the case of
instruments, is to provide an instrument which
will record with a reasonable degree of accuracy
under all conditions, One serious difficulty is pre-
sented by constant changes in temperature con-

" ditions which cause expansion and/or contrac-

tion of parts of the device. In one particular ex-
ample, airplane instruments, for instance, tem-
peratures from plus 80° ¥, to minus 60° F. may
be encountered in a short space of time, with
the result that due to expansion and/or contrac-
tion of parts of the instrument, inaccurate read-
ings result.

A number of attempts have been made to re-
duce inaccuracies caused by expansion and/or
contraction of parts due to temperature change.
In some cases in instrument manufacture, bi-
metallic members have been employed between
the instrument mechanism and the diaphragm
operating element for reducing the effects men-
tioned. Bimetallic helical springs have also been
used connecting with the pointer operating shaft
of the instrument. However, while various
methods of this character have reduced such in-
accuracies in some degree, the problem still re-
mains as a serious one.

I have found that inaccuracies due to expan-
sion and/or contraction of parts caused by change
in temperature conditions encountered, can be
reduced to a very fine degree at least and in many

cases eliminated. It is, therefore, an object of:

the present invention to produce means for re-
ducing to a fine degree, or eliminating, inaccu-
racies in fluid operated devices caused by expan-
sion and/or confraction of metals due to tem-
perature changes.

A further object of the invention is to provide
an extremely simple structure employing & mini-
mu:n number of parts for a.ccomplishing this re-
sul

A still further object of the 1nvent10n is to pro-
vide a means of this character which will em-
ploy no more parts than are necessary for an

instrument of this character and without incor-

porating extra parts for heat compensation.
‘With these and other objects in view, the inven-

tion generally comprises a diaphragm controlled

. 'operating unit comprising a plurality of opera-
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tively connected elements, at least one of which
is a diaphragm, the diaphragm being so formed
as to expand and/or contract to its greatest de-
gree substantially at right angles to its normal
operating plane in response to temperature con-
ditions, at least one of said elements being ex-
pandible and/or contractible to its greatest de-
gree, in a predetermined direction, in response
to temperature conditions, whereby expansion °
and/or contraction of said elements controls the
effect on said device when connected with said
diaphragm of displacement of the diaphragm and
said elements due to temperature conditions.
The structure of the unit may be varied to
suit requirements and the parts may be varied
in thickness and in material to produce & co-
operative combination which will achieve prede-
termined results to control, offset or neutralize
the effects caused by -expansion and/or contrac-
tion of the parts. Under the present invention,
it is possible without the addition of extra heat .
compensating devices to so choose and arrange
the parts that a cooperation between parts of a
diaphragm, a diaphragm and its casing, a dia-
phragm and connecting parts between the casing
and the mechanism operated by the diaphragm,
etc., to cause the device to react in a predéter-
mined manner to temperature conditions. This
may be done in many cases when using similar
materials and in other cases by the use of differ-

.ent materials having a different rate of expan-

{

sion and/or contraction.

The invention -will be clearly understood by
reference to the following detailed specification
taken in conjunction with the accompanying
drawings.

In the drawings—

Fig. 1 is a transverse section showing a unit
according to the present invention illustrating
said unit in cross-section and in relation to other
parts of the construction with which it is asso-
ciated.

Fig. 2 is a top plan view of the unit illustrated
in Fig. 1.

Fig. 3 is a bottom plan view of said umt

Fig. 4 is a fransverse section taken through
an alternative form of the unit. .

Fig. 5 is a transverse section taken through &
still further form of the unit; and .

Fig. 6 is & transverse section taken through a
unit showing the manner in which a casing may
be associated with an alternative form of con-
struction.

Referring to the drawings and particularly Figs.

85 1t0 3, A indicates a diaphragm controlled operat-
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ing unit for devices operated by fluid pressure
which in the form illustrated includes two plate-
dike members 18 and I1-so formed that their pe-
ripheral edges 2 and {3 and/or portions thereof
adjacent the peripheral edges may clamp there~
between a diaphragm -B. The plate-like mem-
bers otherwise are spaced apart from one another
so as to form on each side of the diaphragm the
chambers i§ and 5. The plate-like members 1@
and. {{ are held in airtight éngagement with the
peripheral edges of the diaphragm by means of
a ring-like member {6 which is forced onto their

perlpheral edges under pressure so as finally to

grip these edges in tight clamping engagement
such that the joint effected between the edges
of the plate-like members and the diaphragm is
complietely airtight. °

The diaphragm is provided with a member l'l
designed to carry the connecting post {8 through

which the- diaphragm may be operatively con- =

nected to parts of an instrument or the like which
it is designed to operate. This member is prefer-
ably formed with the upper and lower integral
clamping elements i9 and 20 which overlap the
inner peripheral edge 21 of the diaphragm and
are forced thereover into an airtight engagement
therewith. . Thus, by employing such a form of
connection between the plates §T and the dia-
phragm and the connecting member (6 to connect
-the plate-like members 10 and 11 at their pe-
ripheries, clamp the diaphragm B, a varied and
wide choice,of material may be made with re-
spect to the material of the diaphragm and the
material of the enclosing casing. Moreover, sub-
stantial variations may be made with respect to
the. size and thickness of these parts.

In the form of construction at present referred
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pansion of the diaphragm B, the effects of the
expansion of the latter on the operating mécha-
nism connected with the diaphragm through the-
post 18 may be directly controlled.” In other
words, since the plate-like members {8 and !
firmly grip the peripheral edge of the diaphragm
B, radial expansion of such members (8 and {§ at
a given rate will offset the expansion of dia-
phragm B by effecting a linear stretching or
linear counter-expansion of such diaphragm to
any chosen degree. . Accordingly, the movement
of the post 18 in the direction of its axis, to
operate .the mechanism with which it is opera-
tively connected, may be controlled to impart, to
the mechanism, that degree of movement which is
desired and either exclude or directly control any
movement; thereof caused by expansion and/or
contraction of the diaphragm due to temperature
conditions. .

- Control of the movement of the post {8 caused
by the effects of expansion and/or contraction

‘of the diaphragm B by temperature conditions

may be effected in the manner described or in
conjunction with the supporting structure such as
the posts 22 .or may be controlled directly be-
tween the supporting structure such as the posts
22 and the diaphragm. In this connection, by so
choosing the supporting structure suich that it

+will expand and/or contract as a result of tem- .

perature conditions to its greatest degree in &

- given direction, the result of such expansion

and/or contraction when ¢o-related to the expan-
sion and/or contraction of the diaphragm B may
be employed to control the effects of such abnor- |

5 mal expansion and/or contraction of the dia-

phragm on the mechanism operated thereby. For

. instance, by directing the mass of the material of

-to, the plate-like member (0 is designed to carry .

& plurality of posts 22, being formed for instance,

with suitable bosses 23 and apertures 24 through "

' which the posts may be secured.. These posts are

" designed to support, as illustrated, & mechanism
actuated by the diaphragm. Furthermore, it wx}l
be noted that the lower ends of the posts are
peened over and forced into airtight or air sealing
engagement with the plate-like members. Like-
. ‘'wise, in the case of the plate-like member ff

“formed with the orifice 1la provided with the
mounting member I b, it is preferred to project a
portion of the latter within this orifice and force

the posts 22 so that they will expand and/or con-
tract axially to their greatest degree at a given
rate, and co-relating this expansion and/or con-
traction of the diaphragm B, the axial expansion

.of the posts 22 is immediately co-related to that

. axial movement of the post 18 caused by expan-

sion and/or contraction of the diaphragm B.
Therefore, the effects of such abnormal move-

. ment of the post 18 may be directly controlled in

it into ‘air sealihg engagement with the inner .

periphery of thig plate-hke member surrounding:

such orifice.
By so choosing the materials and/or size and
construction for the diaphragm B, plate-like

members 10 and {1, and/or the posts 22 Iam able

relation to the results desired from the mecha-
nism operated thereby.
The control of expansion and/or contraction of

. the diaphragm as above referred to may be car-

ried out by a choice of materials having different
coefficients of expansion or may be controlled by
variation of the mass of material in question.

- Thus, the diaphragm and the casing or plate-

to control the effect. on the device, or displace- -

‘ment of the diapliragm and elements of the con~
“struction due to temperature conditions so that in
the case of an instrument, for instance, no in-
accuracies in the reading will result due to any
" displacement of the parts by temperature causes

or through which a given- displacement may be:

provided for where this might be desirable.
In-the form of construction being dealt with;

the diaphragm B is of such character that it will'
.. expand and/or contract as a result of tempera-'«
ture conditions in ‘a plane substantially at right:
The plate-:

" angles to its normal operating plane.
like members 10 and {( are of such area and
thickness that they will expand and/or. contract,
as a result of temperature conditions, radially of
_their centers. Thus, by controlling the rate of

|- expansion of the plate-like members 10 and 1|
and co-relating such expansion to.that of the ex-

like members 10 and If may be chosen of the |

"same material and of the same or similar thick-

ness or of the same material of different thick-
nesses. On the other hand, these parts may be

"chosen of materials which are different.from one

another and of the same or similar thickness or
of different thicknesses. . In this way, therefore,
a minute control may be obtained of the effect of
the movement of the diaphragm due to tempera-

" ture conditions. Moreover, such control, it will be

70"
© "contraction of a diaphragm element as a result

75

" clear, may be effected with or without the use of

the supporting posts 22 or other mounting struc-

" ture or may be caused as a combination between

the diaphragm and the supporting structure -
alone.. -
The control of the effects of expansmn and/ox

of temperature conditions may be achieved fol-
lowing the plinciples of the present invention:in .
different types of- structures. The_ application
of the principle of the present invention to cap-
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sule type diaphragm units and multiple dia-
phragm units is illustrated 'in Figs. 4 and 5.
Desling first with Fig. 4 wherein a capsule type
diaphragm unit is disclosed, the diaphragm el-
ements 25 and 26 may be connected together,
and preferably are, by means of a ring-like
member 27 forced into engagement therewith
and may also be provided with a stiffening plate
28 and a similar plate 29, both forced into en-
gagement with the elements 26 and 26 respec-
tively. ‘The diaphragm element 25 may be
formed of one material and the element 286 of
another, each having a coefficient of expansion
different from the other- and co-related in such

a manner, that the effects of expansion and/or’

contraction of these diaphragm elements due to
heat conditions, may control the resulting effect
on the mechanism of the instrument connected
through the post 30.
choosing the elements 25 and 26 so that one may
be thicker than the other and not necessarily
.of a different material, the effects of expansion
and/or contraction as above referred to may
be confrolled. :

By employing the ring-like member 21 as a
means of securing the diaphragm elements to-
gether and, in the case where these elements are
of a different material, any electrolytic action
" which might be set up between the elements,
and .thus render the combination impractical
for use in some fields, may be eliminated by in-
terposing between the clamped surfaces of the
elements o suitable dielectric. Consequently, it
will be readily appreciated that the invention
has a wide application and is operable under
‘yaried conditions.

"“The far reaching effect of the invention may
_be further illustrated by reference to Fig. 5 show-
ing a multiple capsule type diaphragm unit. This
structure includes the diaphragm elements 31,
32, 33 and 34.
that by constructing the unit in such a way ag

to vary and co-relate the materials of these four

elements, one to the other, that minute control
of the. movement of these diaphragms due to
temperature conditions, and the resulting effect,
may be obtained. Likewise by co-relating the
size and thickness of these elements, the desired
resulting effect may be obtained. -

‘ In Fig. 6 a manner in which plate-like mem-
bers may be associated with the diaphragm el-
ement is shown wherein the plate-like members
35 and 36 are disposed on each side of the cap-

sule and clamp therebetween the circumférential

flange of the capsule, the plate-like members

3

ner. . Alternatively, by co-relating the expansion

.and/or contraction of the diaphragm with other
normal elements of the construction, such as

- the supporting structure between the unit and
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being secured together by means of a ring-like -

member 35¢ forced into pressure engagement

therewith and in effect forming an airtight seal

around the structure. In this case, the plate-
like member 36 is orificed at 31 and the capsule
" is formed with a projection 38 which is a contin-
uation of a plate or the like enclosing the bot-
tom “element of the capsule and corresponding

- to plate 29 as shown in Fig. 4. Through this con~
struction, the full effects of the diaphragm unit ¢
or capsule are obtained, whereas in addition the -

benefits of a casing such as described in Figs.
1 to 3 are also obtained.

the mechanism operated thereby, the abnormal
effects of expansion and/or contraction of the
diaphragm by temperature causes is controlled
in a simple manner. As a result, therefore, it
will be clear that by so_choosing and consiruct-
ing normal operating parts of such s mecha-~
nism so as to co-relate the expsnsion and/or
contraction of such parts in question to the ex-
pansion and/or contraction of g diaphragm el-
ement caused by temperature conditions, the
resulting effect of the latter may be minutely
controlled and such control may be a neutraliz-
ing of the effects so caused or the use of such
effects in some degree where this is desirable.
.While, through the use of the principle out-
lined in the foregoing specification, it is pos-
sible to control the effect of expansion and/or
contraction of the diaphragm due to tempera-
ture causes, it will, of course, be apparent that
the invention will compensate for minute varia-
tions in the physical characteristics of the ma-
terial. It is a well established-and obvious fact
that the value of Young’s.modulus of elasticity
varies with the state or condition of the materisl
in relation. toc temperature -and other causes.,
The invention, therefore, :must compensate for
minute variations in the, physical characteris-
tics of the material used, effected through tem-

.perature or other causes. °

Variations of structure are, of course, within
the scope of the invention and it should be ap-
preciated that the unit may be employed as &
pressure transmitting unit. Consequently in
the following claims, the statement “diaphragm
controlled fluld pressure operated unit for pres-
sure operated devices” should be understood to
include pressure transmitting devices.

What I claim as my invention is:

1. A heat compensating, diaphragm controlled
operating unit for a fluid pressure operated de-
vice, comprising a diaphragm having predeter-
mined properties of .thermal expansibility and
contractibility whereby its maximum expansion
and contraction is in a direction substantially at

..right angles to the principal plane of the dia-

phragm, means for transmitting movement from
the diaphragm to said device, and thermal re-
sponsive supporting means for sald device in
spaceg position around said movement transmit-
ting means and operatively connected to said dia-
phragm and having properties of thermal ex-
pansibility and contractibility predeterminedly

" correlated to those of said dlaphragm so as to

00
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" Thus, by providing a combination such that -

expansion and/or contraction of the diaphragm
due to temperature conditions-is .counteracted
or controlled by a linear stretching of the di-
aphragm in a desired degree, .depending upon
the extent of control desired, the present inven-
tion meets this problem in a very simple man-

70
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control the effective extent of transmitted move-

‘ment from said diaphragm to said device due to

temperature changes, said supporting means hav-
ing a coefficient of expansion different from that
of said diaphragm. ‘

2. A heat compensating, diaphragm controlled
operating unit for a fluid pressure operated de- -
vice, comprising a diaphragm having predeter-

“mined properties of -thermal expansibility’ and

contractibility whereby its maximum expansion
and. contraction is in.a direction substantially at

right angles to the principal plane of the dia-
‘phragm, means for transmitting movement from

the diaphragm to said device, and thermal ‘re-
sponsive supporting means for said device-in
spaced position around sald movement transmit-
ting means and operatively connected’to said dia-
phragm and having properties of thermal expan-
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sibility and contractibility predeterminedly cor-
related to those of said diaphragm so as to con-
trol the effective extent of transmitted movement
from said diaphragm to said device due to tem-
perature changes, said supporting means having
a coefficient of expansion different from that of
said diaphragm and being thermally expandible
and contractible in a predetermined direction dif-
ferent. from that of said diaphragm.

3. A heat compensating, diaphragm’ controlled

operating unit for a fluid pressure operated de-:

" vice, comprising a diaphragm having predeter-
mined properties of thermal expansibility and

contractibility whereby its maximum expansion-
and contraction is in a direction substantiaily at

right angles to the principal plane of the dia-
phragm, means for transmitting movement from
the diaphragm to said device, and a diaphragm

5
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casing substantially = encompassing said dia- -

phragm and being in peripheral clamping engage-
ment therewith and having properties of thermal
expansibility’ and contractibility predeterminedly
correlated to those of said diaphragm as to con-
trol the effective extent of transmitted movement

from said diaphragm to said device due to tem-~

perature changes, said diaphragm casing having
a coefficient of expansion different from that of
said diaphragm and being thermally expandible
. and contractible in a predetermined direction dif-
" ferent from that of said diaphragm.

4. A heat-compensating, diaphragm controlled
operating unit for a fluid pressure operated de-
vice, comprising a diaphragm having predeter-

‘mined properties of thermal expansibility and

contractibility whereby its maximum expansion
and contfraction is in a direction substantially at

right angles to the principal plane of the dia--

phragm, means for transmitting movement from
the diaphragm to said device, a diaphragm casing
substantially encompassing said diaphragm and
being in peripheral clamping engagement there-
with, and a super-structure on said casing and
interconnecting the latter and said device, said

super-structure having properties of thermal ex-

pansibility -and contractibility predeterminedly
correlated to those of said diaphragm as to con-
trol the effective extent of transmitted movement
from said diaphragm to said device due to tem-
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perature changes, said super-structure having a
coefficient of expansion different from that of
said diaphragm. °

5. A heat compensating, diaphragm controlled
operating unit for a device operated by fluid pres-
sure comprising a casing, a diaphragm disposed
within the casing and secured around its periph--
ery in airtight engagement with said casing,
supporting means on said casing designed to sup-
port mechanism for operative connection with
the diaphragm, said casing being formed from a
metal having a higher coefficient of expansion

than the diaphragm and of an area and thickness

to cause expansion and contraction of greatest
degree in directions radially of its center in re-
sponse to heat conditions encountered, said dia-
phragm being so formed as to expand and con-
tract to its greatest degree substantially at right
angles to its principal plane in response to heat
conditions encountered, whereby  said casing

" causes linear expansion and contraction of said

25

diaphragm in response to heat conditions, said
supporfing means on the casing possessing such
thermal properties as to expand and contract to
its greatest degree in a predetermined direction
responsive fo heat conditions, and being of a -
metal having a predetermined coefficient of ex-

' - pansion, the properties of thermal expansibility
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and contractibility of the casing and supporting
means being predeterminedly correlated to those
of the diaphragm as to control the effective extent
of transmitted movement from said diaphragm
to said device due to temperature changes.

6. A heat compensating, diaphragm controlled
operating unit for a fluid pressure operated de-
vice, comprising a diaphragm having predeter-

-mined properties of thermal expansibility and

contractibility, and thermal responsive support-

‘ing ‘means for said device in spaced position
around said movement transmitting means and -
-operatively connected to said diaphragm and hav--

ing properties of thermal expansibility and con-
tractibility predeterminedly correlated to those of
said diaphragm as to control the effective extent

45 of transmitted movement from said diaphragm

to said device due to temperature changes.
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