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United States Patent Office

1

o o - 3,180,956 8 |
PRESSURE-ACTUATED ELECTRICAL SWITCH
HAVING FLAT SUPPORT AT CLOSURE FOR
-~ PREVENTION OF OVERPRESSURE DAMAGE
John E. Lindberg, Jr., 1211 Upper Happy Valley Reoad,

- Lafayette, Calif, | |
Filed Jan. 26, 1961, Ser. No. 86,252
16 Claims., (CL 260--140)

This invention relates to improvements in pressure-
actuated electrical switches and the like and in methods

for making them., This application is a continuation-in--

part of application Serial Number 815,406,
1859, now Patent No. 3,122,728, -
Inthe parent application I .described and claimed 2 novel
non-electric heat-detecting element or sensor, able to de-
tect at any of a wide range of critical femperatures. Only
this sensor need be located in the heat-detection zone, and
it 1s connected, preferably outside the zone, to an electri-
cal warning or corrective system by a novel pressure-actu-
ated instrument that 1 term a “responder,” which forms
the subject matter of the present application. Combina-
tion of this responder with the sensor provides a complete-
ly hermetically sealed heat-detection transducer that is
completely free from environmental errors that tend o be
caused by pressure and altitude changes, moisture con-
densation, and so on. - | |

One object of this invention is to provide an improved

sensitive snap-action pressure-actuated switch. = Prior to
this invention I was unable to find a sufficiently reliable
switch for use with the sensor of my invention. The re-
sponder of this invention is fully satisfactory.

~ Another object is to provide a pressure-actuated elec-
trical switch capable of great miniaturization. Tts sm all
size enables it to be sensitive to pressure increases taking
~place in a sensor having a very small volume.

- Another object is to provide a pressure-actuated switch
that is reliable under high temperature conditions, in €x-
cess of 1600° C. . |

~ Another cbject is to provide a pressure-actuated switch
- that is readily adjusted to give its snap-action response at
any one of several pressures, so that it can accommodate

a wide range of effects produced in different sensors.
A further object is to provide a pressure-actuated switch
~ that is substantially
temperatures,

An additional object is to -pr_o?ide a switch capable

of actuation at high pressures and capable of withstanding
rather high pressures without actuation. - -

- Another object is to provide a pressure-operated switch
- capatle of many repeated operations, over an indefinite

fited May 25,

unaffected by ambient pressures or
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responder of this invention used in combination with a
heat-detection sensor, which is broken in the middle to.
conserve space. The electrical circuit is shown diagram-
matically. | | -
1G. 2 18 a view similar to FIG. 1, showing a somewhat
different responder structure in conjunction with a diff
ent type of connection to a different electrical circutt.
FiG. 3 is a view similar to FIG. 1, of another modified
form of responder and a modified electrical circuit, in a
heat-detection system employing a single sensor to indi-

~cate both fire conditions and overheat conditions at a level

bslow the fire level. The system also includes a test

- mechanism.

FIG. 4 is an enlarged view in elevation and in section of
a portion of a responder of this mvention, incorporating
a modification also utilizing the principles of the inven-
fion.

FIG. 5 is a view in perspective of a still further refined
form of responder embodying the principles of this inven-
tion. | o |

FiG. 6 is an exploded view in perspective of the re-
sponder of FIG. 5. |

F1G. 7 is an enlarged view in elevation and in section-
of the responder of FIG. 5 taken along the line 7—7 in
FIG. 8. o | |

FIG. 8 is a view in horizontal
line 8—8in FIG. 7. |
- FIG. 915 a view in elevation and in section taken along
the line 9—9 in FIG. 8. e : .

FIG. 10 is a view in horizontal
line 16—19 in FIG. 7. | |

- FIG. 11is a fragmentary view in horizontal section
taken along the line 31—11 in FIG. 7. - |

FIG. 12 is a view like FIG. 7 showing a modified form
of responder. . -

FiG. 13 is a very greatly enlarged fragmentary view in
elevation and in section of a portion of the responder of
FIG. 12, | | | o - | :

FIG. 14 is an enlarged view of another modified form
oi responder, with a portion broken in. the middle in.
order to conserve space. = - |

"FIG. 15isan enlarged fragmentary view of a responder

section taken along the

section taken along the

like that of FIG. 14 with its diaphragm in relaxed posi-

tion. | |
FIG, 16 is a view similar to FIG. 15
sponder of FIG. 15 in stressed position. o
A heat-detector employing this invention preferably in-
cludes a novel detecting sensor A that is described and
claimed in the parent application. The sensor A has

showing the re-

- an enclosure D, preferably comprising a narrow-diameter

period and for a large number of times, while giving con-

sistent results, | |
A further object is to provide a novel and improved
method for making a diaphragm for the switch and for
making the switch itself, s | o
- Other objects and advantages of the invention will ap-
pear from the following description of some preferred
embodiments, |
- In the drawings:. - .
FIG. 1 is an enlarged view in elevation and in section
of a simplified form of fire-detection system, showing the
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metal tube of constant cross-sectional area and of any
desired length. Within this enclosure D i means E
responsive to the temperature of the enclosure D for
varying the pressure inside the enclosure D, This means
E may also be referred to as a transducing agent or as
a gas-releasing solid, many of which are described in
the parent application. For many uses, metallic hydrides
are preferred. The enclosure D jg gas-tight, and its-
only opening is connected to a responder B, which itself
defines a closed chamber connected to the enclosure D.

£n alteration of the internal pressure with the enclosure
D therefore affects the responder B, _‘ |

€r-




- common at -
A tube 31 of non-porous ceramic material or other non- .

o e,;ee;eeef ”

-
e
1. A Szmple respender (FI G i )

FIG. 1 shews a simple form of responder B, compris-

'-'_j_mg a unit 208 with two circular plates 21 and 22, prefer-

~ably of nonporous metal, between which is bonded (as

by brazing) a thin metal flexible disc or diaphragm 23.

~The plates 21 and 22 aré hermetlcally sealed together
- and are preferably in electrical contact for their full pe-
~ripheries and over a substantial margin, buf in the center

~ called a “blister,” which is free to move relative to the _10'

- the dlaphragm 23 has a generelly spherical depression 24

) plates 21 -and 22 and constitutes the active or movable
part of the diaphragm 23. This blister 24 is formed
by expandmg the diaphragm from a flat plate, preferably

~ in a manner explained later on herein. Use of a dia- .

‘upper plate 22 with a planar lower surface 25 and gives

phragm with a.blister 24 makes pessﬂble the use of an

a more predletable response than do mest types of

dlaphra@ns

The lower plate 21 is fermed mth 2 recess 26 in its 20
~ upper surface, and the diaphragm 23 divides the resultant =
 cavity between the plates 21 and 27 into two regions

or chambers 27 and 28.  Since the lower region 27 com-

 ‘municates wﬁh the sensor A, it may be called the “sensor

chamber.” The other region 28 is located on the op-

posite S1de of the diaphragm 23 from the senser A; so
-~ Of course,

either plate 21 or 22 may actually be made by brazing
 togsther several thin plates of the desired eo*l_ﬁguratlen_, )
~ and the recess 26 may be provided by using a stack of .
A preferred mate-

it may-be called the “anti-sensor chamber.”

| prefermed thin washers over a disc.
rial for all the metal elements in the responder 20 is

molybdenum, because of ifs ability to withstand high
- temperatures and high pressures while retaining the elas- -
t1e1ty necessary to snap action. The sensor chamber 27
is usually made as small as pesmble so that the pres-
‘sure effect of the gas liberated in the sensor A is not

unduly diluted by a large volume adjacent the diaphragm

- If sufeelent pressure is apphed in th senser chember _'
-2’7 the blister 24 will be deflected into contact with the =

lectrode portion 35; and if the deflecting force i1s I‘emoved

the testoring force of the blister 24 will return it to its

‘relaxed position and thus break contact with the electrode

~ portion 35. The force necessary to do this may be chosen
- by proper design of the blister 24 to eeeemmedate a r1.?5?’14:fle |

range of values.

- 'The reSpender B may be cenneeted to an. elerm ClI’CHIt A
_C which, as shown in FIG. 1, is a simple visual indicator
consisting of a lamp 49 in series with the conducting wire

- 37 and a source 41 of electrical current, which may be a
battery, as shown, or may be a scurce of alternating cur-

renf. A return path for the electrical circuit C may be

provided by grounding either one of the plates 21 or 22" '

and is shown as a ground wire 42 in FIG. 1.

~In operation, when the sensor A is expesed to heat et__ :
a level high enough. to cause the traneducmg agent E to

rise above . its thresheld temperature, gas is liberated.

This gas eannet escape from the sensor tube D except :mte_'
the sensor chamber 27, where it exerts pressure upon the
blister 24. This pressure tends to move the blister 24

.' | upwardly The pressure -in the sensor chamber 27 is a

- function of the temperature of the sensor A, and in gen- :

95 eral there will be a one-to-one correspondence between

30

35

23, The present responder is well suited to the pro- '

~ vision of a small anti-sensor chamber 28 and to mlma.-
turization of the whole assembly.

40

One end 29 of the sensor tube'D is ]0111ed to’ end sealed -

to the lower: plate 21, fitting within' a- hole 38. The

 region 27 is closed and sealed except for its communica- '
tion with the Iumen of the sensor tube D; so the inside -

~ of the sensor A and the sensor chamber 27 en]oy a
osphere to the exclusion of any other.

45

- porous eleetrleelly insulating material extends through an |
- opening 32 in the upper plate 22 and is hermetically

sealed in place there with its lower end 33 flush with the

~ bottom surface 25 of the plate 22. 'The hole 32 and
“tube 31 are preferably centered with respeet to the blister

If desired, the re-

24, on the anti-sensor side thereof.

‘sponder B may be made with the sensor A also centered
with respect to the blister 24 (cf. FIG. 14).

er surface 25 of the plate 22. The amount by which

A metal
- electrode 34 is located inside and joined securely to the

© _tube 31 at the end 33 nearest the blister 24, with a por-
- tion 35 of the electrode 34 substantially ﬂush with or
~ extending slightly (e.g., less than 0.001”’) below the low- -

‘the portion 35 extends below the surface 25 is carefully
controlled so as to be uniform in each responder of any

35 when. the blister 24 is forced up by pressure in the
- sensor chamber 27. As shown, the electrode 34 may be

~ annular to give good uniform contact with the blister
24 at that time and also to afford communication between _'
- the chamber 28 and the inside 36 of the tube 31. A
| 70

conducting wire 37 extends from the electrode 34, pref-
erably along the axis of the tube 31, and is brought out

- of the tube 31 through a hermetic seal at a sealing cap
o - 38. The tube interior 36 and the anti-sensor chamber 28
“thus enjoy a cemmen atmosphere to the exelstn ef-

any other.

~ particolar design. This geometry means that the blister -
24 can make electrical contact with the electrode portlon |

certain level.

" The blister 24

the. temperature of the sensor A and the pressure within

~the sensor chamber 27. This pressure, if great enough, -
‘will cause the blister 24 to make contact with the electrode,
34, but no contact will be made unless the temperature |

of the sensor A is at or above a definite level, .

~ 'When the sensor A is exposed to heat at a level lﬂﬂh:_
enough to cause the blister 24 to make contact with the
~electrode 34, current flows from the battery 41 through B
the lamp 48, the conductor 37, the electrode 34, and the

blister 24, to the plates 21 and 22, and returns to the

battery 41 through the ground line 42. This current flow
" causes the lamp 40 to light and provides a visual indica-
tion that the temperature of the sensor A is at or above a
In this sense, the device shown in FIG. 1
functions as a threshold temperature indicator.. When heat

‘is removed from the sensor A, the transducing agent B
'eeels and reabsorbs its previously released gas, resulting
_in reduction of the pressure exerted upon the blister 24.
1oves away from the electrode 34, break-

mg the eleetrleal circuit, and the lamp 49 goes eut

2. Some ways of Settmg the thre&hold z‘empemz‘ure
| (FIG. I) K |

The ferce necessary to deﬂeet the bl1ster 24 aﬂamst __
the electrode 34 can be chosen to accommodate a wide .

0 range of values by a suitable choice of mechanical param-
_eters.

“Once this foree is determined, the dimensions of the
sensor tube. D and the ameunt and kind -of transducing

~agent E may be ehesen by design to provide the force - :
necessary to obtain confact between the bhster ze and_ .

electrode 34 at a certain temperature.

In addition to mechanical design ee*ls1de1 atiens the -
;'_neeessary deﬂeetlng force may also be altered by pre-
~ charging -the anti-sensor chamber 28 with a- gas under

o pressure or by partlally evacuating it.
60

. _ehamber 28.

65

Alternatlvely, the deﬂeetmg presqure may be effectwely .

| lewered by precharging the inside of the sensor tube D

~and the sensor chamber 27 with gas.
ambient pressure in the sensor chamber 27 is greater than
-normal, less than normal gaseous liberation from the trans-

70 ducing agent E is required to deﬁeet the bhster ’“"e egemst' S
- the electrode 34. | ._

- its surrounding materials.

Most gases may be- empleyed fer th1s purpese hew-

“ever, ideally the gas sheuld not react chemically with

Partleulaﬂy suitable are the
mert gases, such as helium, argen, neen, and Xenon,

"To accomplish this, -
“gas is forced into (or withdrawn from) the tube 31 after

its attachment to the plate 22 and before it is closed by
its cap 38. The required deflecting pressure against the

‘blister 24 beeemes greater as more gas 15 present in the_ -

In this case, if the

a1



- 3,180,256

5

especially since they do not readily di
materials.
argon, for example, may be maintained for an indefinite
length of time to retain a desired biasing of the diaphragm
23, as described. . -

I have found that the amount of pressure necessary
in the sensor chamber 27 in order to snap the diaphragm
blister 24 against the electrode 34 varies with the tem-
perature of the diaphragm 23. When a molybdenum dia-
phragm 23 is at room temperature, it takes about 5.4
inches of mercury more pressure to snap its blister 24
against the electrode 34 than when the diaphragm 23
1s at 10600° . The snap action remains and, if anything,
even gets sharper as the {emperature rises.

I have also found that this change in the actuating pres-
sure may be compensated for by loading the anti-sensor
chamber 28 with inert gas in suffi
pressure increase in the chamber 28 due to the tempera-
ture rise offsets the drop in actvating pressure. In other
words, as the temperature of the diaphragm 23 rises, the
temperature in the chambers 27 and 28 will be rising,
and if there i1s encugh more gas precharge in the cham-
ber 28 than there is in the chamber 27, then the pressure

fuse through most

needed to actuate the diaphragm blister will remain nearly
constant, for the temperature efiect on the metal tending
to lower the actuating pressure is offset by the increase

in pressure in the chamber 28 that, of course, acts to in-
- crease the actuating pressure required. Thus, a balance
is achieved giving substantially constant performance.
‘Also, when the chamber 28 has a precharge of inert
gas, there is a returning force that improves the operation
of the switch 29 in the off direction.  Further, the switch
29 can stand high voltage make-and-break conditions
~better in an atmosphere of inert gas. Still further, by

controlling the precharge of the chamber 28, it becomes -

possible to regulate the switch 26 to obtain either a posi-
tive or negative temperature coefficient on the actuating
pressure. Finally, the gas precharges help in obtaining
consistency without hysteresis building up. ~

3. A modified form of simple responder B and its modified
. circuit C (FIG. 2) | |

As a consequence, a precharged pressure of

10

15

clent amount so that the

20

the switch 55 opens its contacts 56 and 57. This action
may be used to perform various suitable functions. For
example, it may function as a thermostat. It also en-
ables the use of transducing agents such as copper hydride,

which ingas as the temperature rises and outgas when the
temperature drops. |

4. A more complex form of responder B and its associated
| circuit C (FIG, 3)

When one wants to provide an indication of two or
more heat levels within the same area, the arrangement
shown in FIG. 3 is highly desirable. In addition, FIG. 3
shows a test device that enables the operator to determine
whether the unit is functioning properly.

In FIG. 3, a sensor A is joined to a responder 70 at
the lower of its two circular metal plates 71 and 72. The
lower plate 71 is recessed to provide a cavity 73 for a
sensor chamber 74, and a thin, flexible metal diaphragm
73 18 sandwiched between the plates 71 and 72 and brazed
to them 1n an hermetic seal. The metal elements 71, 72,
and 75 may be molybdenum, Kovar, or Phosphor bronze,
for example. The diaphragm 75 is provided with two

- generally spherical-segment depressions or blisters 76 and

o0

C.2
&

“The resijo’nder B may also be so constructed that the

variations in pressure occurring on the anti-sensor side

of the daphragm will act indirectly on an auxiliary pres-.

sure switch. In this case, the blister does not close against
the electrode. In the responder 5& shown in FIG. 2
there is no electrode, but a ceramic tube 51 is inserted
- in the responder 58 as before, with its interior 52 in direct
communication with an anti-sensor chamber 53, and also,
~ via an arm 54 of the tube 51, with a conventional type

 of pressure switch 55. This switch 55 may be, for exam-

ple, one whose contacts 56 and 57 close when pressure is
applied to a piston 58. |

Thus, when the sensor of FIG. 2 is heated, a diaphragm
blister 69 is deflected toward the ceramic tube 51 and

- causes an increase of pressure in the anti-sensor chamber

53 and tube interior 52 which, in turn, is communicated

S to the pressure switch 55. At the selected pressure, the

contacts 56 and 57 of the pressure switch 54 close, and
current flows from a battery 61 through an auxiliary con-
‘trol 62. This control 62 may be a lamp like the lamp

49, or it may be a device to perform any other suitable

function such as, for example, to operate a fire extin-
- guisher. (Of course, the lamp 46 in FIG. 1 may also be
replaced by such a control 62.) When the temperature
~ of the sensor A falls below a certain value, the blister 69
re-deflects toward the sensor A to its normal position and
decreases the pressure within the ceramic tube 51, thereby
deactivating and opening the pressure switch 55. The
auxiliary control 62 then ceases to function.

- Alternatively, the pressure switch 55 may be such that -

its contacts 56 and 57 are normally closed. Then when

the pressure in the interior 52 of the ceramic tube 51 is

 increased beyond a certain value, the applied pressure to

55
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70

77, 1solated from each other by a portion 78 brazed or
otherwise hermetically bonded to the plate 72.

Three ceramic or other non-porous and electrically
non-conducting tubes &9, 81, and 82 are sealed into and
extend through openings in the upper plate 72. The in-
terior 83 of the tube 82 extends through a hole 84 in the
diaphragm 75 directly into the sensor chamber 74, while
the tubes 80 and 81 are centered directly above their re-
spective blisters 76 and 77 and open into separate anti-

-sensor chambers 86 and 87. Flectrodes 90 and 91 at the
lower ends of the tubes 89 and 81 are substantially flush

with or extend slightly below the tubes 86 and 81 and
the upper plate 72, so that the blisters 75 and 77 can
each be deflected into contact with them. Conducting
wires 92 and ©3 from the electrodes 99 and 91, respec-
tively, extend axially through the tubes 8¢ and 81 and
emerge through sealing caps %4 and 95. |

The interior 83 of the tube 82 is filled with a heat dis-
sociable material 85 such as powdered titanium hydride,
and a generally axially extending filament 88 is embedded
in this material and extends out of the lower end of the
tube 82 through a small plug 89 and terminates on the
lower plate 71 at a ground point 96. The plug 89 serves
to retain the powdered material 85 within the tube 82
but allows any gas that may be released from the material
65 to pass from the tube 82 into the sensor chamber 74.
The upper end of the filament 88 is brought out of the
tube 82 through a sealing cap %7 and is joined to a con-
ducting wire 23, | :

The diaphragm 75 and its blisters 76 and 77, together
with the peripheral bond 78 between and the bond around
the blisters, effectively provides three chambers: the in-
terior 83 of the tube 82 and the interior of the sensor tube
D enjoy a common atmosphere with the sensor chamber:
74 to the exclusion of any other atmosphere. On the
other side of the diaphragm 75 are the two mutually
exclusive anti-sensor chambers 86 and 87.

Just-as in the device of FIG. 1, the force necessary to
deflect the blisters 76 and 77 into contact with the elac-
trodes 88 and 91, respectively, is a function of the mechan-
ical design of the blisters, and may be chosen so that
each blister 76 and 77 requires the same or a different
deitecting force. In addition, this force may be changed
to any desired value by precharging any or all of the
chambers 74, 76, and 77 with an inert gas, as explained
before, |

ror example, after charging the sensor A, adjusting the
pressure 1n the sensor chamber 74 to a desired value, and
sealing the sensor chamber 74 and the tubes that com-
municate with it, to provide a sealed system, the tube 89
may be filled with argon at just enough pressure to cause




. temperature; then the tube 81
- - The conducting wires 92, 93, and 98 are part of an

 alarm circuit C. The eendueter 98 passes to two mnor-
- mally open parellel test switches 160 and 181, a resistor.

N ."'3,180,9956; .

:' actuatmn ef the blister 76 to close against the eleetr-ede -

- of the sensor A may be dropped te say, 400° F. and the
tube 81 charged with argon at a pressure to barely cause

90 when the sensor A is at a temperature of 800> F.
.. Then the tube 80 may be sealed. Next, the temperature = -

o

actuation of the blister 77 against the electrode 91 at that

may be sealed closed.

102 being in series with the test switch 181. From the_. s

switches 168 and 101 lines 103 and 194 lead to a main

) line 105, which leads to a suitable A.C. or D.C. current_ |

source, sueh as a battery 106. L
The conductor 93 is connected to 2

"_"-.whrch 15 connected by lines 111 and 1312 to the main line
L ER

srgnal lamp M@ :

| The conductor 92 is connected to a signal lamp
115, which is - connected by lines 113 and 112 to the main
line 185. The conductor 92 is also connected by a line .
116 to a normally closed bell-rmgncr circuit 217, which

ture and this, in turn, is a fuﬂetren ef the ameunt of

eurre*lt through the filament 88. | |
Upen elesme of the test switch t@t current ﬂows from

"the current source 186 through the lines 105 and 104,
the swiich 161, the current- limiting resistor 102, and the -

- conductor 88, to the ﬁlament 50,
to the ground point 96. The resuitant heatnb of the .

the plate 71, and thence

hydride 83 frees gas thererren and, since the gas can-

not -escape from the sensor ‘chamber 74, it exerts pres-
"‘tlie on the sensor side of the blisters 76 and 77. The .
‘magnitude. of the current-limiting resistor 162 is chosen
S0 t‘mt the amount of gas released from the hydrrde 83
© is sufficient to deflect the blister 77 against its electrode .
- 91 but meuﬁerent to detlect the blister 76 agemst its elec-
trode 9. The result is that the lamp 11¢ is illuminated,

thus premdmg an ‘indication that the overheat portion

- of the circuit is functioning correctly and. that the senser'
A and sensor chamber T4 do not leak, |

20

- might either be an A.C. or D.C. type, deperrdrng upon

 the current source 106, and is connected to the main line

'-_Il_tBS Although a bell 118 is shown in the circuit 117,

- various other devices may be substltuted for it, such as
| a buzzer or a relay. - |

5 Opemz‘wn ef the dewce of FIG 3

Assume by way of illustration, that the sensor A, the
blisters 76 and 77, and other parts, are so cons structed
- that the blister 76 will make contact with its electrode
" 90 when the sensor A is exposed-to a fire temperature,
~ and so that the blister 77 will make contact with the
~ electrode 91 when the sensor A is exposed to -an over-
~ heat condition substantially lower than fire temperature.
For example, the fire temperature may be 450° C. end |

the overheat temperature may be 200° C.

Then, if the sensor A is exposed to an ererheat con-

25
. rectly, enough pressure can be exerted upon the blister

If, now, the test switch 169 is enmged a Iarger cur- -

rent flows through the filament 88, due to the bypassing o
“of the resistor 182 between the current source 185 and
the filament 169. The increased current heats the hy-
dride 83 to a higher temperature, with the result that
more hydrogen is released. Assuming that the circuit

parameters and the emet.nt of hydride are ‘chosen ¢or~

76 to deflect it against its electrode 20, ringing the bell

30

118 and lighting the lamp 115, indicating that the fire
portion of the circuit is functioning correctly and also
testing the sensor A and chamber 74 against leaks.

‘When

- the switches 188 and 191 are both drsengaﬂed current
~ flow through the filament 89 ceases, and the hydride 83
The
pressure in the sensor. chamber 74 drops and contact -
between the respeetrve electrodes 99, 91 and their asso-
ciated blisters 76, 77 is broken, resulting in the extinguish-

cools, re-ingassing its previously: 'reIeesed hydrogen.

- ment of the Iamps 110 and HS and allﬁﬁCB of the bell 118 -

~dition of 200° C. or higher, gas from the sensor A in-

creases the pressure within the sensor chamber 74 and
deflects the blister 77 agamst the electrode 91. Hewever,-- o
‘the blister 76 will not at that time contact the electrode
| the batiery 186 through

~ the lines 105, 112, and 111, the lamp 116, the conductor
93, the electrode 91, the blrster 77, and the plates 72

and 71, to ground. through the point 96. The resulting

90. Current thus flows from

rllummatren of the lamp 119 provrdes an ‘indication that

" the temperature of the area in which the sensor A is

- - »-

but is still below the fire temperature S |
~When the sensor A is exposed to the fire temperature
- of 450° C., more gas comes from the sensor A and de-

4_0_:?

7 szaz‘zon of me prermre in z‘he amz-semor
chember (FIG 4)

~As er.ptamed before the foree neceseary to de"iect a
‘blister onto its respeeuve electrode is a function of the

'- _pres..:ure in the anti-sensor: ehember )
- ing this pressure 1s shown in EIG,. 4, ‘which is an en- S

A way of chang-

larged view of a portion of a etmpnﬁed responder 126

50

fiects the. blister 76 against its electrode $0. The blister

77 is still in contact with its electrode 91 and its lamp

310 is still lighted. But now current from the current
“source 106 also passes through both: the lamp 115 and

b5 .

- through the bell circuit 117, ringing the bell 118 and -
lighting the lamp 115. This provides a visnal and andi-

- Dble indication of a fire eend1t10n in the area to Whreh_ :
- the sensor A is exposed. = |
If the fire is put out and the sensor A is coeled ‘the U

~ pressure on the blisters 76 and 77 is lowered to break

60

- their contact with their eleetrodes 99 and 91, in that

- order.

| '_ af the time the lamp R1S5 goes out

6. The tesf czrcmr of FIG. 3 and zts Opemﬂort '

The current flow then stops, the lamps 115 and

- 1310 go out, in that order, the bell 117 becomrng silent 65

~ dride.

generally like the responder 20 shown in FIG. 1, identi-
cal numerals being applied to those parts that are iden-

tical. In additicn, however, the responder 120 has a

poreus tube 121, Wmeh may be of gae-poroue ceramic
“mounted . inside the tube 31 by brackets 122 __
121 contains a selected amount of a suitable heet—drsseer- e
able material 123; for example, powdered vanadium hy-
Fmbedded in the hydride 123 is a ﬁlarnent 124,
and leads 125 and 126 for the filament 124 are brought -
out of the tube 121 Lhreegh caps 127 and 128 and then

pass. thlert ch the Weﬂls of the tube 31 to a potentiometer
13%.and a battery 131, The pemts where the conductors
125 and 126 are. breun‘rt out through the tube 31 are .
sealed so that, as before, the interior 36 of the tube =
31 and the anti-sensor chamber 28 enjoy a COmmon _at*nos-f"

‘The tube

phere to the exclusion of any other.

Now, in addition to the mechanical design of the s 3?3- o

tem which 1ncledes the design of the blister 24, the effec~

tive force neeeesary to deflect the blrster 24 against the -
-~ electrode 34 may be altered by sending current from the

| '_bettery 131 to the fil ament 124 threugh the potentreme-

 The crreurt segment consrstrng of the parallel arrange- .

| ment of test swiiches 18¢ and 181 in series with the

from heat-dissociable material,

ter 130.. The magmtuue of this current depends upon
the setting of the potentiometer 130, and the current
70'{.threugh the filament 124 determines the amount of gas

conductor 98 and the filament 88 provides a convenient -
arrangement for checking the epereblhty of the device..
- As exvolained previously, the amount of gas liberated
such as the hydride 83

o centamed in the tube 82, is a furletren of ifs tempera-'_

released from the hydride 123. This hydrogen passes -

through the PDI‘OHS tube 121 and increases the pressuref“ |

in the anti-sensor chamber 28, e‘rertmg a force against

1the blister 24 that tends to counteract the deflecting force
__ dee to preusure in the SE:I]SO“‘ ehember 27 The hlgher S



9.

the pressure in the anti-sensor chamber 28, the more

the pressure that has to be generated in the sensor cham-

ber 27 to deflect the blister 24 against the electrode 34.
-~ By altering the setting of the potentiometer 130, the

effective temperature to which the responder 120 as a
whole will respond may be continuously altered within

‘the design range of the system, to respond to any of

many levels of temperature. For example, suppose that
the responder 120 is initially set to respond to a tem-
perature of approximately 1500° F, If it is desired that
the responder 120 not respond until the temperature
reaches 2000° F., then the resistance of the potentiome-
~ter 130 is decreased so that more current flows through
the filament 124, and a greater biasing force is applied
to the blister 24 in the anti-sensor chamber 28. By means
of a calibrated potentiometer 130, the ranges of tem-
perature may be detected. |

This design increases the adaptability of the responder
to many situations. The responder-sensor combination
may be used to monitor a certain temperature within a
certain area and, when this is completed, the unit may

* be removed and, by adjusting the potentiometer 139 to
a previously calibrated setting, it may then be inserted

into another area to monitor a different temperature
level. This design obviously can be employed in either

or both tubes of a plural-blister responder like that of

F1G. 3. Moreover, when the current through the fila-
-~ ment 124 is cut off, the responder 129 functions just like
~ the responder 20 of FIG. 1. _'

8. A still further reﬁﬁéd- form. of responder B
| | (FIGS. 5~11) -
FIGS. 5-11 show a responder 680 having some im-

portant distinguishing 'features,'_ and also 1illustrate how
- the responder 660 may be made. In the responder 680

a diaphragm 601 is secured between two sub-assemblies

3,180,056
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15

20

29

a0

35

- 602 and 603.  As before, the diaphragm 601 is preferably

- a thin, circular, non-porcus metal disc having two gen-
erally spherical-segment depressions or blisters 684 and
- 605, and separates the responder 606 into three regions

or chambers; a sensor chamber 686 and two anti-sensor

~ chambers 607 and 608. The center of each blister 604,
605 is located directly beneath, and does not normally
- touch, a respective contact 610, 611. | |

A forebody assembly 602 comprises a .non-porous,
flat metal forebody disc- 612 having an axially located
hole 613 to which is brazed a short piece of small-di-
ameter tubing 614 that supports the sensor tube D.
~ The afterbody assembly 603 comprises a non-porous,
flat metal disc or afterbody plate 615 which has three
holes 616, 617, and 618, preterably symmetrically lo-
cated about the central axis 619 of the responder €8¢
and of the plate 615. Another hole 6290 is located near
the periphery 621 of the plate 615, and a polarizing. pin

- 622 is brazed in the hole 620 to aid- in. aligning the.

responder 600 when the complete. unit is assembled and
mounted in place. - - -

Two . signal assemblies 623 and 624 ahd~ one testing

assembly 625 are placed in the. symmetrically located
holes 616, 617, and 618 of. the afterbody plate 6%5.
Each signal assembly 623, 624 includes a' non-porous
msulating tube 626 of such material-as non-porous ce-
ramic with a metal contact cap 627 slipped over one end
and brazed.in place. The cap 627 has-an axially located
hole 628 through which is. passed and brazed an elec-
trically-conductive tube 638 of metal, to which is spot-

welded the contact 616 or 611. The contact 610 or 611

1s ‘a metal plug having a shank 631, which fits loosely in-
side the insulator tube 626, and a head 632 larger than
the interior of the insulator tube 626. The loose fit of

the contact shank 631 inside the insulator tube 626 per-

~ mits the passage of gas between the contact 610 or 611
and the tube 8§26. A hole 633 in the side of the con-
ductor tube 639 is used to introduce gas into and to
evacuate gas from the interior of the insulator tube 626;

40
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‘to the plate 615.

o 1D
via the tube 630, A metal socket 634: for the insulator
tube 626 is brazed to the insulator tube 626. Sufficient
clearance exists between the contact-head 632 and the
socket 634 to allow the passage of gas and to prevent
electrical shorting across between them. |

The two such signal assemblies 623 and 624, as de-
scribed, are inserted into the holes 616 and 617 in the
atterbody plate 615, and the sockets 634 are brazed

The testing assembly 625 comprises an insulator tube-
640, which may be identical with the tube 626 used in
the signal assemblies 623 and 624. To one end of the
tube 640 is brazed a cap 641, having an axial hole 642,
through which passes a metal tube 643 that projects
into the insulator tube 648. A metal sleeve 643q fits
snugly between the tube 643 and the tube 649, leaving
only a short end portion 643b of the tube 643 exposed-
to the inside of the tube 649. One end of a helical fila-
ment 644 is wrapped around the end portion 6435 and.
brazed there, and the tube 643 is brazed to the cap
641. The filament 644 extends axially down the insu-
lator tube 649, and its other end is wrapped around and
brazed tc the instepped shank portion 645a of a ground-
stud 645, which (except for the portion 6454) fits snugly
in the tube 640. The stud 645 has a head 646 whose
diameter is equal to the outside diameter of the in-

‘sulator tube 640; the head 645 has three V-notches 647

equally spaced around ifs periphery. An upper surface
649 of the head 646 fits snugly against the insulator

tube 648, while a lower surface 659 of the head 646 rests
on a shoulder 651 of a metal socket 632. The head
646 and the tube 649 are brazed to the socket 652,
which in turn is brazed into the hole 618 of the afterbody
plate 615. In practice, powdered hydride may be intro-
duced into the tube 640 by shaking it through the fila-
ment tube 643, after which the lumen of the tube is

‘sealed. This completes the afterbody assembly 603.

The contacts 629 and 611 then lie barely beyond the
plate 615, almost flush with it. Good results have been
obtained where they extended about 0.0005” to 0.001"
beyond the plate &15. ) -

The diaphragm 601 is initially a flat disc with two
holes 653 and 664. The blisters 684 and 605 may be
formed by placing the diaphragm 661 in a suitable cham-
ber with one side against a sturdy plate with two round
holes having diameters the same as is desired for the
blisters 634 and 695 and applying high pressure to the

~other side by means of a suitable gas; such as nifrogen .

or hydrogen. The higher the gas pressure, the greater
the concavity of the blisters 604, 605. Good results |

have been obtained using about 500 p.s.i.g. gas pressure.

The diaphragm €81, along with other parts of the final
responder assembly, is sandwiched between the forebody -
plate 602 and the afterbody plate §15. This procedure

55 for making the diaphragm blister applies to all forms

of the diaphragm described in this application.

‘The sandwiching operation is preferably accomplished
with the aid of brazing discs 655, 656, and 657 and a
spacer 638, placed as shown in FIG. 6. Each of the braz-

ing discs 655, 656, and 657 is very thin (the scale being

shown best in FIG. 13) and has a hole 668 which is placed
in line with the hole 653 of the diaphragm 601 and the
hole 618 of the plate 615. The holes 650 lie inside the
apex of a generally triangular-shaped cut-out 651 of the
brazing disc 657. The brazing discs 655 and 656 and the
spacer 638 also have two additional holes 662 and 663,

~each of which is axially in line with a blister 604 or 605

and with one hole 616 or 617 of the plate 615. Each of
the discs 601, 612, 655, 655, 657, and 658 has a small
dowel-hole 664 located near the periphery 621, through
which a dowel-pin 665 is passed to aid in aligning the discs
prior to brazing.. The sandwich is brazed with the help
of suitable stopoff-compound such as chromic oxide, so
that portions of the diaphragm 681 which lie directly over
the holes 669, 662, and 663 are free from brazing com-



_'_ﬂectmn can be made e: tremeiy small,
~ ture gives advamageeus resulr.s 1n an average temperatwei

o ._ tight., - -
'~ The use of cepper and 00pper-platmum al]eys as braz-'_

" more economical.

spender to lower temeelature 1eg10f13 of aperemmately

2,180,958,

'ﬂl

" "peund However the permnery erea:ﬂd each hele @Eﬁ

662, and 663 is brazed to the periphery around the eerre—- |
Many brazing tech-.
~ nigues may be apphed to the formation of the responder.

~ The technique is standard in industry. and will not be de-
- - scribed here. |
 to the tube support 614, through which gas may pass and

- When the
. assembly is brazed, the brazmg discs eSS 656, and 657
| ."substa.ntlally disappear, so thin are they, so that they are
They are shown In

5pendmg holes in the adjacent disc. -

The sensor A may then be brazed or welded

exert pressure on the blisters 604 and 6@3

omitted from some of the drawings.
approximately their proper relative size in FIG. 13.

The differential pressure across the dlapln agm, neces-
a function of

- the- diaphragm material, the blister depth, the blister di-

R }sary for blister deflection against a contact, is a

ameter, and the pre-existing differential pressure, Wh1eh

- may be. varied by the introduction or withdrawal of a plf.... |
- charged pressure in the sensor chamber €84 or in the anti-

- sensor chambers 667 and 668. The blisters 6904 and 635
are ﬂlustrated as of unequal diameters, so that the differ-

magnitude.

.+ ance for gas passage.

15.

sembly 3@2 meerpemie some- mmer but SIgmﬁeam;,

-ehanges | | - - o
“The signal assembly 8@1 mcludes a contfact member 503

in the form of a metal rod, preferably a. cylindrical rod of

. melybdenum, that fits fairly snugly into the bore 804

- of a ceramic tube 895, while still leaving sufficient .clear-

The contact rod 883 is provided at

~ its upper end with an axially extending eyllndrlcal TECEss -

- 8886 mito W:neh a capillary tube 887 of nickel is inserted

10

and brazed. The tube 8§87 may have an inside diameter
of about 0.512”. A radial hole 808 extends. mrough the

~ contact 883 into the portion 806 below the end of the tube
- 807, enabling paesaﬂe of gas thmuﬂh the camllary tube.ﬂ
807 into the ceramic tube 895. | .
‘A lower end 818 of the centact red 8@3 e‘{tends about o
" 0.0005” below the surface cf the afterbody plate 615.
- The amount of extension may be adjusted somewhat by

- pressing on the tapered end 811 of the cap 627, after braz-

| 20
- ential pressures required for deﬁeetlon are of unequal
However, this is not intended to resfrlet the_

. application and scope of this invention.

- One of the features of the IESpOIldEI‘ is that regardlees ;

of the magnitude of the pressure applied to the sensor

~ chamber 686 blister deformation or distortion does not

“oF

~ occur, because when the blisters 604, 685 are deflected

against their contacts 610, 611 they are positioned agamet

an essentially flat surface whleh provides full support, and
. the thickness of the brazing dISC 653 me*y be made qu1te <3

‘small; 0.001”, for example

An additicnal feature is thn,t the fraetlena] change in .-

30 « _
- A tubular insulator support sleeve 312 18 prev:i.dee and
- the dewce is assembled with the lower end 8313 of the

- ceramic tube 865 flush with the lower surface of the after-

" the volume in the SeNSCor chamber 606 due to blister de- -'

detecting device.

- Several l’uSPOIldBIS 600 have been conetrueted usm'r the"--
. same metal for all parts except the 1'131llat_e_1 tubes 626 and
- 648, the filament 644, and the very thin brazing discs 655, :
| 40
~ in others it was molybdenum. Copper and eepper-—platl- o

656, and 657.- In some instances the metal was kovar;

num alloys have been employed as brazing metal, while

- high-purity alumina has been used for insulator tubes. -
- Kovar possesses excellent brazing properties and, in addi-
: -_'tlon has an extremely low coefficient. of thermal expan-
All brazes were- gas- |

sion.. Melybdem.m is. even beter

ing material, and of alumina for insulator tubes, permits

 reliable operation of the responder at low temperatures, |
~ aswell as at temperatures approximating 1960° F., a very.
In addition, the responder is insensi-
‘tive to ambient or external pressures and will withstand
- high rates of vibration or. aceeler“tlun Wlth-ﬂ’lt affectmg
~its operational properties. = .
| Although the 1eupe*1der ma‘y b assembled wi ith the aid

- desirable pr operty.

- of brazing operations, many aTtematwe temmques may be

Use of this fea-

e
-:_:.n

- metal parts.

ing. - It is important that the protrusion of the contact
pm tlen 218 be maintained accurately durmg the brazing
‘of the responder assembly 88¢, when the heat tends to
erent amount than the .
For example, relative lengths of the molyb- -
“denum and nickel parts may be chosen so that their expan-
sion and contraction exactly cancel those of the ceramic
- tube 884, whose coefficient of expansion is less than that
of nickel and more than that of molybdenum. .
- noted that the eeﬂtaetumgdlary assembly 803, 807 is fas-
tened to the responder 800 at eﬂly one pemt the end*' |

expand the ceramic tube 884 a di

cap 627,

‘body- plate 615. This arrangement gives. lateral support . -
to the contact red 893 and also provides a smooth, plane

surface aﬁalnst which ;.he bheter 6@4 can rest when de-f o
. _ferﬂled L |

“'The test preseure umt 802 meludes a tube 82@ pref—-

~erably a nickel capillary tube of. about 0.012” inner di- =
A molybdenum sleeve 821 is brazed to the lower -
end of the capillary tube 828 and fills the volume be-
 tween the tube 820 and a ceramic tube 822, in order to
 prevent particles of hydride from. getting in between the -
 tubes 820 and 822, where they would not be heated by

 the filament 644. The upper end of the filament 644 is
“brazed to 2 radiaﬂy mstepped lower end portion 823 of

arneter.

the molybdenum sleeve 821 at its lower end, and its lewer

‘employed. - One such method is to employ thermonlastic
- or thermosetting. cempeunde for the discs 653, 656, and-

' 658. The sandwich is then heated while under pressure,

- to form the desired bond, while the insulator sockets 634
- and 652, the contact caps 627

60
| natmg hot spots.

, and the filament caps 641

- may be cemented or bonded to the insulator tubes 628, 640

_Wlth epoxy-Tesin, for example. _
However, it limits the use of the re-

9 Another form of fef ned responder B
| | (FIGS ]2azd13) T

FIGS 12 and 13 shew a nediﬁec} form of respender'

- This procedure may be
65

OB

- 860, The view of FIG. 12 is generally similar to FIG. 7

- and some parts which are identical have identical refer-
SIgr!al aesembly e@ and a test as-

-ence numer als but

‘are first brazed with Cuplat.

end is brazed to a suppert sleeve 825, preferably of mo-
lybdenum. ‘The sleeve 825 fits snugly in“the bore of |
‘the ceramic tube 822. Hydride 826 may be put into the
~ceramic tube 822 from the bottom through the bore 827
-of the support sleeve 825. The bore 827 may then be
closed by a quartz or ceramic plug 828, with gas-passage
~ clearance being left. The suppert sleeve 825 has a flange .
_@29 whose lower surface 13 flush Wfﬂl the lower
‘of the afterbody plate 615. - o
- Preferably, an insulator suppert sleeve 8.:9@ e}{tends up
to within about 1" of the end cap 641 and serves-to
carry away the heat generated by the filament 644 and =~
to give more even heating of the hydride 826 by elimi-
_ ‘To avoid problems due to differences
in the eeeiﬁczems of .thermal expansion of the sleeve 830
and the ceramic tube 822, the sleeve $30 is preferably .
- brazed to the tube 822 only at the lower end. :
- The sequence of the brazing eperatlens is important.
. "By using a suitable combination of brazing materials, it
I8 possible to ‘maintain the rigidity of the prevlouqu.._ o
- brazed parts when making subsequent brazes, ..
ample, the subassemblies. consisting (1) of the contact.
rods ‘863 and the nickel capﬂlary tubes 8907, (2) the fila-
ment 644 and its supports 821 and 825, and (3) the after-

For ex-

It may. be '

urface .'

2y

body plate 615 and the insulator supports 812 and 839 o

Tﬂe...cﬂfl’@a.ct portions = '

| MNext, the aftelbedy assem- |
. bly is brazed together with copper, which melts at a =
lower tempeiatuze than Cupla’t



- with which it can be made. |
232 on the sleeve 212 and a shoulder 233 on the ceramic

13

8_-16 are- then édjusted and the fest pressure -unit.S!}Zr is

filled and. closed. Finally, the responder 800 is brazed-

- with Nioro, which melts at a lower temperature than
- copper.

10. Another refined responder B (FIGS. 14 to 16)

FIG. 14 shows a very reliable responder 200 having a-

lower plate 201, an upper plate 282, and a diaphragm 203
clamped- between the plates 201 and 202 in a manner
shown in FIGS. 15 and 16, all preferably of molybde-
num. The diaphragm 203 has a blister 204 with a mar-

3,180,956

14 - -
blisters 204 are formed larger than the hole 218 leading
out from the anti-sensor chamber 211. Preferably, the
blister 204 is considerably larger than . the opening 218"
as shown in FIGS. 14 through 16. It has been found
that as a result of this structure, it is possible to pressur-
ize a diaphragm 263 made in this manner up to- 1600
pounds per square inch pressure, without Interfering with

- repeatability. -

10

gin- 205 around the blister 204 coplanar with the flat

clamped rim of the diaphragm 203 but free to flex. A
- sensor tube 206 is centrally located in an opening 207

that lies directly opposite the blister 204. The tube 206

15

1s' brazed to the lower plate 201 and opens into a recess
208, which cooperates with the diaphragm 263 to define a

sensor chamber 210.
- On the other side of the diaphragm 203 is an anti-

‘sensor chamber 211. A tubular support sleeve 212 is

brazed-into an opening 213 in the upper plate 202 with

1ts lower end 214 flash with the lower surface 215 of

the plate 202. The sleeve 212 supports a ceramic. tube
216 to which it is-hermetically sealed, the lower end 217
of the sleeve 216 lying flush with-the surfaces 214 and
215. 'The sleeve 212 gives lateral support to the ceramic

tube 216 and also to a contact rod or electrode 220 which
fits inside the bore 218 of the sleeve 216. The clear-
~ance 221 between the bore 218 and the. rod 220, which

1s part of the anti-sensor chamber 211, can be quite small

because gas passes freely in narrow passages. The lower

end 222 of the contact rod 220 is made with its outer

periphery substantially flush with the surtaces 214, 215,
and 217 and with its central portion slightly convex so

as to lie -about 0.0005”” below the surfaces 214, 215, and
217. The amount of extension may be adjusted as before
brazed to the ceramic tube 216. B

~The cap 224'is also brazed to a nickel capillary tube
225 having a very small passageway 226 through which

by pressing on a tapered end 223 of 2 cap 224 which is

the anti-sensor chamber 211 can be filled with an inert
'gas, such as a noble gas; to achieve the desired pressure

in' the anti-sensor chamber 211. The tube 225 is brazed
into an opening 227 in the contact Tod 220. At the

lower end of the opening 227 is a shoulder 228 that Serves

to stop the lower end 229 of the capillary tube 225, and
below that is a cavity 230 from which a radially extend-

ing passage 231 leads to the clearance 221.  The cavity

230 and passage 231 enable passage of the precharging

- gas from the capillary tube 225, which is sealed after
- the precharge is introd

| luced, as described before in con-
nection with FIGS. 5 through 12. |

~The responder 200 is relatively simple. It has 1o test

assembly.and so differs in that respect from the responder
800. However; its simplicity is matched by the accuracy
For example, a shoulder

sleeve 216 enable exact positioning of the lower surfaces
215 and 217 of these members relative to each other.
- FIGS. 15 and 16 are enlarged views, somewhat dia-

-grammatic in nature, illustrating the effect of providing

the diaphragm 203 with a 1argin 295 around the blister
204. In the strained or actuated position, the strains are

- distributed so that an undue concentration of strain does

not occur- at the boundary of the blister 204. This is

~the important thing. Without this provision of a margin,

there is a tendency for the blister to shear off: sharply at

gin were found to collapse under certain high pressures,

- butit- was found. that with the margin 205 of correct

size, when the bli_s_ter 204 snaps through from one posi-
tion to the other it also tends to flex up at the point shown

-at 235.in FIG. 16, to relieve the pressure there and there- _ _ _ _
fore to’ distribute the forces evenly. In all instances the 75 diaphragm being clectrically a- single unit; means: for-
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To those skilled in the arts to which this invention
relates, many changes in construction and widely differ-
ing embodiments in application of the 1nvention will ‘sug-
gest themselves without departing from the spirit and scope
of the invention. The disclosures and the descriptions

berein are purely illustrative and are not intended to be

in any sense limiting. For example, the blisters need not
be true spherical segments, the term “generally spherical”
being intended to indicate only their general round shape.
They. need not- necessarily be circular in area, for that
matter, though that is generally preferable.

Iclaim: | |

1. A very sensitive pressure-responsive device, includ-
Ing in combination: a metal housing; a metal diaphragm
In said housing and dividing said housing into a plurality
of chambers, said diaphragm having a circular area

- bounded by a peripheral rim that is rigidly fixed to said

housing, said area being deformed beyond the elastic limit

- of said metal into a generally spherical segment, having a

concave side and a convex side, that always tends to-
resume the spherical shape to which it has been formed-
and that is flexed toward a flattened condition in response -
to pressure in said chamber on its convex: side, and mov-.
ing, when it moves, in a snap action, said housing and
diaphragm being electrically a- single unit; means for
applying fluid pressure to the convex side of said dia-
phragm; and an electrode supported by said housing along:
substantially the plane of said rim and electrically-insu--
lated from said housing lying directly opposite and cen-
traliy located with respect to said spherical segment on
the side thereof away from which said segment is nor--
mally deflected, whereby deflection of said segment toward-
said ‘electrode results in electrical and physical contact
of said electrode and said segment, said housing being flat
on the side facing the concave side of said diaphragm in-
the plane of said rim and provided with 2 central opening
largely filled by said electrode, which lies substantially in
the same plane, to provide a flat support for said dia-
phragm when the diaphragm is snapped to its actuated-
position, thereby protecting said diaphragm blister from
being pushed beyond its elastic limit and from- being
deformed during actuation due to pressures creatly ex-
ceeding the pressure required for actuation. |

2. The device of claim 1 wherein said circular area
and said rim are separated by a marginal area coplanar

~ with said rim and free to flex.

60

3. The device of claim 1 wherein said metal diaphragm
tends to require less pressure for actuation as the tempera-
ture rises and wherein said concave side is gas-filled so as
to increase the pressure opposing actuation as the tem-
perature rises. | | .

4.. A very sensitive pressure-responsive device capable
of use at high pressures and temperatures, including in
combination: a molybdenum two-piece housing: a molyb-

- denum diaphragm in said housing sandwiched between-

- said two pieces and dividing said housing into a plurality

65

~ the edge 234: In-practice, many blisters without a mar-

70

of chambers, said diaphragm having a circular area

bounded by a peripheral rim that is sealed gas-tight to-

-sald housing by a high-temperature braze, said area being-

deformed from a flat sheet beyond the elastic limit of said-
molybdenum into a generally spherical segment having a
concave side and a convex side that always tends to re-
sume the spherical shape to which it has been formed-
and that is flexed toward a flattened condiiton in respornse

| -

-to pressure in said chamber on its convex side, and mov-

ing, when it moves, in a snap action, said housing and




 formed into a convex blister that flexes toward ifs ﬂet 40

- and a

8 reo,eee
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}"applymg ﬂurd preseure to the convex side of said dla--_ |

phragm; and an electrode supported by said housing
 along substantially the plane of said rim and elecirically~

insulated. from said housing, lying direc tly opposite and

~ centrally located with respect to- said spherical segment

on the concave side thereof, whereby deflection of said

seeled between and br azed io a‘rld ﬁr t and th1rd brazmg_ |
discs and having two. circular areas whose peripheries

* are rigidly fixed to said first and third brazing discs, each
" said area being deformed to provide a blister normally

segment toward said electrode resuits in electrical arrd__.

physical contact of said electrode and said segment,

‘5. A very sensitive pressure-responsive. device, includ-

- ing in combination: a housing having an upper plate with

10

a flat lower surface and an opening therethrough and a -

Tower plate with a recess larger than- and g nerﬂhy CO-

axial with said openmg and having a

a pressure inlet; a.

~ depressed toward said second housing disc, said dia-~ _.:
- phragm, said second ‘and third brazing discs, said spacer, *

and said second housing disc- cooperating to provide a

first chamber, said diaphragm, said first brazing disc, and = -
said first housing cooperating to provrde second and third- ~

chambers, said draphragm also having an opening in line

with the third opening of said first disc; closed tubes of

~ insulating material secured in each opening of said first

metal diaphragm in said heusmg sandwrehed between

* said plates to provide in cooperation therewith an upper-
- chamber and a lower- chamber, said draphraen having an
area approximately co-extensive with said recess and

disc, dlreeﬂy opposite each said blister and said diaphragm

- opening; an electrode insulated from said diaphragm and "
15

said disc in each of the two tubes directly opposite a. said -
blister and lying flush with the normal plane of said dia-

 phragm; electrical conduction means for each said elecs

| bounded by a perrpheral rim that is rigidly fixed to both
said housing plates, said area being deformed beyend the

elastic limit of said metal into a segment having a concave
~ side facing said upper plate and a convex side facing said

lower plate in said recess, said diaphragm being flexed:

response to pressure in. said lower chamber, moving, when.

it moves, 1In a snap action; means for applying fluid pres-
 sure to the convex side of said dlaphragm, and an elec-

trode so that flexure of said blister due to a preesure dif-

ferential between sa1d first and second or first and third
chambers can cause contact between a said blister arrd a

* said electrode, which then act as an electrical switch; gas-

 releasing and re-absorbmg means in the third said tube in
toward a flattened condition. against said upper plate in-

trode supported by said upper plate in said opening along

 substantiaily the plane of said lower surface and electri-

- cally insulated from said housing, Whereby defiection of
‘said area against said electrode results in electrical and

physical contact between said electrode and said dia-

_.phragm and also provides- support -for said diaphragm.-

. 6. A very sensrtwe pressure-respenewe device, includ-

 ing in combination a housing and a

cha

 rigidly fixed to said housing, each said area bemg de-

~ position in response to pressure in said chamber.

diaphragm in said
housing and dividing said housing into a plurality of ¢
| 1bers, said diaphragm having a plurality of distinct-
 non-overlapping areas, the periphery of each area being

7. The device of claim 6 wherein said blisters are of
different areas and therefere have d1ﬂererlt preeeere__'

Tesponses.”

8. A pressure-responswe swrtch 1nc111d1nrr in combina- -

~tion: a first housing member; a second houemg member;

- and having a plurahty of areas, each having a perlph

o rrgrdly fixed to said housing members, each said area be- .
- ing deformed to provide a blister normally depressed .
" toward said first housing member, said diaphragm and

~ said first housing member cooper ating to provide a first

chamber, said diaphragm and said eeeond housing cooper-

| ating to provide other chambers, one at each blister; an.
- electrode insulated from said diapbragm and mounted in .
- said second housing directly eppesrte each said blister;

- means for applying fluid pressure to the said first cham-
- Dber; and electrical conduction means. for each said elec- -
© trode and said diaphragm, so that flexure of a said blister

55-

due to a pressure differential between said first chamber

and one of said other chambers caused by said means for'
_applying fluid pressure causes contact between ._-,ard blister
se1d electrode, ‘which. then. aets as an eleetneal

__--_-SWltCh

9. A pressﬁre-responewe swrtch mcludmg in eembma—_-
_tron a first metal housing disc having three openings there-

~ through, generally symmetrically located with respect to
‘the center of said disc; a second metal heusrlg disc hav-

60.

- combination: - |
2 hrgh—meltmﬂ-pemt metal heusmg CO

ey
T

line with said diaphragm opening; end means- rer heatlng'

sard gas-releasing and re-absorbing means.

-10. A very sensitive pressure-responsive switch eepable N
of snap type eperatlen at hrgh temperaturee havrncr n

lprrsmn’ 2 ﬁrst
 housing member having-a central recess facing a sec-
“ond housing member havmg a plarrar f.«:ee eppesrte_'
~ said recess, - | -_
a high-melting peret rnetal dlaphragm in- said heuerng |
~sandwiched between said housing members and in
“direct eleetrreal contact with them and. dmeu"g sald
heuemg into a plurality of chambers,

: '-:_szud diaphragm having an area whoe perrphery 18 rrgrdly o

sandwiched and sealed between said housing mem-
- bers, said area being- deformed beyend its elastic
~ limit into a smooth blister that dips into said recess
and has a convex side and a concave side,

' said housing and. said diaphragm being eleetrleally a
o smgle unit, said diaphragm being fully exposed on

both sides and free from encumberances thereon,

- means for. appl}fmg a critical pressure in said chamber

49 -
- a metal diaphragm sealed between said housing members.

on the convex side of said blreter to cause a enep ﬂex- |
ure of said blister, =~ |

~ said blister during deflection toward sald planar face-

being supported by said planar face, and

- a high-temperature metal electrode supperted By sard'
50

‘metal housing and . electrrcaﬂy insulated therefrom

by high-temperature ceramic and directly opposite
- and centrally located with respect to said blister for -

~ contact therewith in one position of said blister.
11 "The ewrteh of claim 10 wherein said elee‘trode hes.

"just barely below the plane of said plapar face of said
~housing on the concave side of said blister and helps to. =
support said bhster durrng deﬂeetlon of sald b11 ter agamst_ R
+ said electrode. | - T
- 12. The switch of elf,.,rm 10 Wher ein me ehamber on. the- R
_epposrte side of said diaphragm from said pressure apply-
- ing means is pre-pressurized to-a set value, so that said

pre-pressurization opposes the tendency of the diaphragm

to beceme aetuable at a lower pressure as 1ts tempera‘ture-- o
o Tises. - o

65.

-13. Tﬁe swrteh as elarmed in elann 12 havmg means-

. in said pre—preseurrzed chamber for varying the pressure

" ing a central opening therethrough a tube in said central
"opening extending out one side thereof; a plurality of

brazing discs, one being brazed to said first disc and hav-

" ing corresponding openings, the other being brazed to said
~ second disc and having a large, generally central opening;

a. specer—dme like said seccnd brazing disc and brazed
‘thereto; a third brazing disc generally like said first brazing
- disc and brazed to said. spacer-disc; a metal diaphragm

10 o
* with the chamber on the- convex side of said blister, said o
test device containing ‘means for emitting gas un der heat

‘therein at will so as te change the actuatlon pressure of -
___seid switch.. - . |

‘14, The swrteh of elarm 10 havmg a test dewce sup--'_--'-
Ported by said housing with its. interior in communication

©in quantities sufficient to actuate said blister and for tak-

15

~ing up the emitted gas when cocled and heating means for
causing the emission of said gas by said emitting means.
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15, The switch of claim 10 wherein the temperature References Cited by the Examiner
coefficient of expansion of said ceramic lies between the . UNITED STATES PATENTS
temperature coefficient of expansion of said electrode and o

 that of said housing, said ceramic being sealed to said ~ 2:022.907 12/35 Worley o - 200—140
housing and said electrode being sealed to said ceramic 5 398211 1/43  Campodonico ....____ - 200—140
at a point spaced from the seal of the ceramic to said 2,381,582 8/45 Erickson . ________ 200—83
housing, the relative lengths of said electrode, of said 2,477,801 8/49 Hathaway ___________.__ 200—83
ceramic between its said seal points, and of said housing 2,705,270 3/55 Mf)ran e - 200—140
from its inner surface to the seal point with said ceramic 2,711,459  6/55 MI_H{S e e 200—140

. being proportioned so that the actual position of the elec- 10 2,886,885 | 5/59 Reid . ____ 29-—-421

- trode contact relative to the inner surface of said housing 2:898:458 8/59 Byam _________________ 200—233

remains constant OVEr a very wide range OT temperatures_ 2:99 3:208 7/61 Wells _ o ___ 200-—83

16. The switch of claim 15 wherein said housing is | ' | ) :
molybdenum and the major length of said electrode is SERNARD A. GILHEANY, Primary Examiner.

made from nickel. , | 15 MAX L.LEVY, Examiner.
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