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[5 7] ABSTRACT 
There is described an improved apparatus for detect 
ing the presence or absence of ?uid. The apparatus 
comprises an electrical circuit and a sensor device 
electrically joined to the circuit. The device comprises 
a housing member de?ning a chamber, a thermally 
conductive member within the chamber, a tip member 
forming a closure for the chamber, a heater means 
within said chamber having ?rst and second spaced 
apart portions, and ?rst and second heat responsive 
members respectively af?xed to the spaced apart por 
tions and adapted for engaging when the temperature 
difference between the portions exceeds a predeter 
mined level. The improvement comprises providing a 
secondary heater means assuring continuous electrical 
engagement between one of the heat responsive mem 
bers and the second spaced apart portion of the heater 
means as long as the previously described temperature 
difference exists. 

7 Claims, 7 Drawing Figures 
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TEMPERATURE (IOMPENSATEID FLUID SENSOR 

CROSS REFERENCE TO CO~PENDING 
APPLICATIONS ‘ 

A previous patent application U.S. Ser. No. 236,148, 
filed Mar. 20, 1972 discloses and claims a sensing appa 
ratus and device and is assigned to the same assignee 
of the present invention. The present application com 
prises an improvement to this apparatus and device. 
The present invention provides in the device a secon 
dary heater means to achieve a continuous electrical 
connection between the first heat responsive means 
and the second spaced apart portion of the heater 
means of the device when the described temperature 
difference between the spaced apart portions of the 
heater means attains the described predetermined 
level. This secondary heater means is not provided in 
the device of the cited application. 

BACKGROUND OF THE INVENTION 

This invention relates to ?uid sensing apparatus and 
more particularly to an apparatus for providing an indi 
cation when said ?uid approaches a predetermined 
level. 
Previous known methods for detecting fluid have var 

ied from mechanically operated ?oats to probing de 
vices requiring elaborate electronic circuitry. A partic 
ular shortcoming to many devices of the former variety 
has been the inability to compensate for a change in 
temperature of the ?uid being measured. Additionally, 
those devices able to compensate for ?uid temperature 
changes have, as mentioned, required extensive elec 
tronic circuitry which in turn has added appreciably to 
the complexity of operation of the device as well as to 
the costs for manufacturing such items. 

It is believed, therefore, that a device for detecting 
the presence or absence of ?uid at a predetermined 
level within a container which would compensate for 
varying temperatures of the ?uid being measured as 
well as be relatively simple in operation and inexpen 
sive to manufacture would constitute an advancement 
in the art. 

OBJECTS AND SUMMARY OF THE INVENTION 
It is therefore a primary object of this invention to 

provide a fluid sensing apparatus which includes a 
means for compensating for possible varying tempera 
tures of the ?uid to be detected. ' ‘ 

It is a further object of this invention to provide a 
sensing apparatus which operates in a relatively simple 
manner and is relatively inexpensive to manufacture. 

It is a still further object of this invention to provide 
a fluid sensing apparatus which provides a continuously 
steady indication upon detection of such ?uid. 
In accordance with one aspect of this invention there 

is'provided an improved apparatus for detecting the 
presence or absence of ?uid at a predetermined level 
within a container. This apparatus comprises an electri 
cal circuit having a potential source, a switching means 
for opening and closing the circuit, and a current indi 
cating means for indicating when the current in the cir 
cuit exceeds an established level. Additionally, the ap 
paratus comprises a sensor device electrically con 
nected to the circuit and having a housing, a thermally 
conducting member positioned within the housing and 
insulated therefrom, a tip member bonded to the hous 
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2 
ing, a resistive element having first and second oppos 
ing ends of conductive material, and first and second 
oppositely aligned bimetallic members possessing a 
substantially similar degree of thermal de?ection and 
affixed respectively to the first and second opposing 
ends of the resistive element. These bimetallic mem 
bers are adapted for engaging when the temperature 
difference between the opposing ends of the resistive 
element exceeds a predetermined level. The improve 
ment to this apparatus comprises a means for assuring 
continuous engagement of the bimetallic members as 
long as the previously described temperature differ 
ence exists. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. l is a side elevational view of one embodiment 
of the present invention. 
FIG. 2 is an enlarged 

FIG. 1. 
FIGS. 3 and 4 are enlarged views of various phases 

of operation of the sensor of FIG. 2. 
FIG. 5 is an enlarged plan view of the heat responsive 

members of the sensor device as taken along the line 
5—5 in FIG. 4. 
FIG. 6 is an isometric view illustrating another em 

bodiment of a means for providing continuous engage 
ment of the heat responsive members. 
FIG. 7 is a side elevational view illustrating still an 

other embodiment of a means for providing continuous 
engagement of the heat responsive members. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

For a better understanding of the present invention, 
together with other and further objects, advantages and 
capabilities thereof, reference is made to the following 
disclosure and appended claims in connection with the 
aforedescribed drawings. 

In FIG. 1 one embodiment of a ?uid detecting appa 
ratus 10 in accordance with the invention is illustrated 
and shown to comprise an electrical circuit Ill and a 
sensor device 13. Circuit 11 comprises a potential 
source illustrated as battery 15, a switching means 117 
for opening and closing cirucit 11, and a current indi~ 
cating means, illustrated as bulb l9. Sensor device 113 
is electronically connected to circuit 111 and is shown 
to be positioned within wall 21 of a ?uid holding con 
tainer 23. Although the particular method illustrated 
for positioning sensor 13 is to place it in the side of con 
tainer 23, sensor 13 may be placed in either the bottom 
or top of the container depending on the level of ?uid 
desired or the con?guration of the container. Further 
more, although the method shown for retaining sensor 
13 in wall 211 is by screw threads (the sensor being pro-' 
vided with external screw threads to mate with corre 
sponding threads in wall 21), other methods for reten~ 
tion are possible, an example being either welding or 
soldering. The method illustrated is preferred, how 
ever, because it provides relative ease of removal of 
sensor 13 in the event of damage to the sensor or con 
tainer. 

In FIG. 2 can be seen a more detailed view of sensor 
113, which is shown to comprise a housing 25 of electri 
cally conductive material, a thermally conducting 
member, illustrated as center post 27, which is posi 
tioned within housing 25 and insulated therefrom by 
insulating material 29, a heater means illustrated as a 

view of the sensor device of 
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resistive element 31, and a tip member 33 of electri 
cally conductive material. Center post 27 is preferably 
also electrically conductive and is connected to circuit 
11 via plug 35 illustrated as a body of insulative mate 
rial 37 about a metallic socket 39 which in turn is con 
nected to conducting wire 41. Plug 35 is but one means 
possible for providing this interconnection and is not 
meant as the sole method to which the invention lim 
ited. Additional connecting means, including an alliga 
tor clip or even a single wire soldered to post 27 are 
possible. In the event that the atmosphere surrounding 
container 23 is not favorable for exposed electrical 
connections, a plug having an insulating cap to encom 
pass the external portions of either post 27 or housing 
25 is preferred. 
Tip member 33, sealed in housing 25 to thereby en 

capsulate resistive element 31 therein, is adapted for 
being subjected to the ?uid within container 23. A pre 
ferred material for tip member 33 is sold under the 
trade name “Rodar” and manufactured by the W. B. 
Driver Company of Newark, New Jersey, a subsidiary 
of the assignee of the proposed present invention. “Ro 
dar,” consisting essentially of about 29 percent by 
weight nickel, l7 percent by weight cobalt, and the re 
mainder iron, is a suitable electrical conductor and pos 
sesses the additional property of relatively low thermal 
conductivity. This additional property, as will be fur 
ther explained, is highly deisrable to enhance the func 
tioning characteristics of sensor 13. Resistive element 
31,‘ comprising first and second opposing ends 43 and 
45 respectively, is joined at ?rst opposing end 43 to 
center post 27 and at second opposing end 45 to tip 
member 33. First and second opposing ends 43 and 45 
are of electrically conductive material and have first 
and second heat responsive means 47 and 49 affixed 
respectively thereto. The conductive material pre 
ferred for opposing ends 43 and 45 is a nickel-silver 
metallic alloy, although any of the well known metals 
or metal alloys having good electrical conducting prop 
erties can be utilized. 
Heat responsive means 47 and 49, illustrated as a pair 

of bimetallic members, possess similar electrical con 
ducting properties and are illustrated as being oppo 
sitely aligned and in a non-engaging relationship when 
the ?uid level in container 23 is above tip member 33. 
As will be explained, these bimetallic members are 
adapted for engaging when the ?uid level drops below 
the tip member. Electrical connection between circuit 
11 and housing 25 is accomplished simply by affixing 
a wire from circuit 11 to any external portion of the 
housing, using any of the conventional methods, for ex 
ample, welding. In the event that container 23 is of me 
tallic nature or any material having good electrical con 
ducting properties, circuit 11 may be connected 
thereto at any suitable location. 
To explain the operation of apparatus 10, particular 

reference is made to FIGS. 3 and 4. In FIG. 3, tip mem 
ber 33 is shown to be subjected to the ?uid within con 
tainer 23. As previously explained, bimetallic members 
47 and 49 are in a nonengaging relationship when these 
members are at the same temperature. These members 
are comprised ofa suitable bimetal having similar elec 
trical conductive properties as well as similar degrees 
of thermal de?ection thereby permitting each member 
to de?ect substantially equal, as the environmental 
temperature alters. A unique feature of sensor device 
13 is its ability to operate in ?uids having a wide variety 
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of temperatures, due to the positioning of bimetallic 
members 47 and 49. When the ?uid surrounding tip 
member 33 is excessively warm, expandable members 
47 and 49 de?ect equally to the position illustrated in 
FIG. 3. In the event that the ?uid is cooled, these mem 
bers de?ect accordingly in the opposite direction 
(shown in phantom). It is remembered, however, that 
members 47 and 49 maintain a non-engaging relation 
ship throughout these varying stages of de?ection, pro 
vided tip member 33 is subjected to the ?uid within the 
container thereby keeping the temperature of all ele 
ments within the sensor substantially equal. 
To operate apparatus 10, switching means 17 is 

closed, thereby providing electrical current to circuit 
11 and to sensor 13. A typical direction of current ?ow 
from battery 15 is through center post 27, ?rst oppos 
ing end 43 of resistive element 31, resistive material 51 
of element 31, tip member 33, housing 25 and thereaf 
ter back to circuit 11 where it passes through bulb 19. 
Because this current must pass through resistive mate 
rial 51, which may be any material typically found in 
electrical resistors, it is not suf?cient to activate bulb 
19. Assuring that bulb 19 will not light under these con 
ditions is easily accomplished by proper selection of 
corresponding elements in the sensor and circuit. One 
example of a workable circuit-sensor arrangement is to 
use a 12 volt battery connected to a bulb having a resis 
tance of approximately 1 ohm. When using this combi 
nation, the desired resistance of the resistive material 
of element 31 is approximately 240 ohms. The resis 
tance of other elements in sensor 13, particularly hous 
ing 25, opposing ends 43 and 45, center post 27, tip 
member 33, and bimetallic members 47 and 49 is mini 
mal and can be considered effectively as zero. 
The current through resistive material 51 causes this 

material to become warm as is the case in almost all 
electrical resistors. This heat then dissipates out 
through opposing ends 43 and 45 of element 31. The 
heat dissipated through end 43 is heat sinked further 
through center post 27, insulative material 29, housing 
'25, and eventually into container wall 21. The heat dis 
sipated through end 45 is heat sinked primarily through 
tip member 33 and then into the ?uid within container 
23. Provided tip member 33 remains subjected to the 
?uid, the heat created in element 31 is dissipated at a 
substantially equal rate through the above-described 
channels thereby maintaining the temperature of all 
members within sensor 13 approximately the same. 
However, when the ?uid level drops below tip member 
33, as illustrated in FIG. 4, an imbalance to this rate of 
dissipation is created. This unequal rate occurs primar 
ily because the ?uid, which previously served as a heat 
sink for the heat generated in end 45, is now absent. 
However, to further assure this imbalance during a low 
?uid level, it is preferred that the overall volume of 
center post 27 be substantially greater than the corre 
sponding volume of tip member 33. It is also addition 
ally preferred that the coef?cient of thermal conductiv 
ity of center post 27 be larger than that of tip member 
33, but this is not necessarily required provided a sub 
stantial difference of volumes between these two mem 
bers exists. In the particular embodiment, the tip mem 
ber comprised of Rodar has a coe?icient of thermal 
conductivity of approximately 12.0 BTU/(hr.) (sq. ft.) 
(°F per ft.) while that of center post 27 which is prefer 
ably of steel or similar composition, ranges between 25 
and 40 BTU/(hr.) (sq. ft.) (°F per ft.). 



3,803,525 
5 

As described, the absence of ?uid now causes end 45 
to become substantially warmer than end 43. This tem~ 
perature difference in turn causes bimetallic member 
49 to become warmer than bimetallic member 47 
which results in an unequal amount of de?ection by 
metallic member 49 to therefore upwardly de?ect and 
engage member 4'7. When these two members engage 
(as shown in FIG. 4) electrical current from center post 
27 through first opposing end 43 is permitted to by-pass 
resistive material 51 and pass directly to second oppos 
ing end 45 via the engaged bimetallic members 47 and 
49 because the combined resistance of members 47 
and 49 is effectively zero, as previously described. The 
current then returns to bulb 19 through tip member 33 
and housing 25 where it now is at a sufficient level to 
actuate the bulb. This in turn indicates to an operator 
that the fluidlevel of container 23 is below tip member 
33. 
A unique feature of apparatus 10 is that once bime 

tallic members 47 and 49 are engaged they will remain 
continuously so. This is achieved because the free end 
of bimetallic member 49 is substantially smaller than 
that of member 47. (This embodiment better illustrated 
in FIG. 5). The narrowed end of member 49 provides 
a substantially reduced path of current flow'in compari 
son to that provided by member 47. The electrical cur 
rent through this circuit and thereby through member 
49 causes member 49 to become substantially warmer 
than member 47. The increased heat in turn affects the 
thermal de?ection characteristic of member 49 to the 
extent that it will now remain continuously against 
member 47 and thereby assure a steady high current 
flow to indicating means 119. 
Another embodiment of the present invention is illus 

trated in FIG. 6 wherein a different means for assuring 
a steady increased current to indicating means 19 is 
shown. Attached to bimetallic member 49 is a helically 
wound electrically conductive wire 59 which has a ter 
minal end 61 interspaced between bimetallic members 
47 and 49. In operation, when ?uid drops below tip 33, 
members 47 and 49 move toward engagement as previ» 
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ously described. However, rather than the two bimetal- v 
lic members engaging, terminal end 61 engages mem 
ber 47, thereby including helical wire 59 in the newly 
formed circuit. Electrical current therefore flows from 
spaced apart portion 43 to bimetallic member 47, wire 
59, bimetallic member 49, spaced apart portion 45, and 
so on. Helical wire 59 now acts as a heater means, pro 
viding an additional source of heat to bimetallic mem 
ber 49. As in the situation described in FIG. 5, this ad 
ditional heat assures continual upward deflection (and 
thereby engagement between end 61 and member 47) 
of bimetallic member 49. Practically any electrically 
conductive material issuitable for wire 59 provided it 
also possesses the required thermal conductor proper 
ties. A preferred material for wire 59 is copper. To as 
sure that bimetallic member 49 does-not directly en 
gage member 47 and thereby electrically short out wire 
59, a pad 63 of insulative material is affixed thereto. 

Still another embodiment of a means for assuring 
continual engagement between bimetallic members 47 
and 49 is illustrated in FIG. 7. Here an electrically con 
ductive wire 65 is spirally wound about a portion of bi 
metallic member 49. Wire 65 also provides a means for 
interconnecting spaced apart portion 45 with housing 
25 as there is now utilized a different tip member 33’. 
This new tip has a thermally conductive portion 66 and 
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6 
a portion of insulative material 67. A preferable mate 
rial for portion 66 is copper while material 67 is prefer 
ably of plastic or similar material. Wire 65 serves a sim 
ilar function to that of wire 59 in FIG. 6 by providng an 
additional heat source to bimetallic member 49 and 
thereby assuring continued engagement between the 
two members, 47 and 49. 
As can be readily understood with the embodiment 

as shown it is essential that tip 33’ be electrically insu 
lated from housing 25. Were this not so, electrical cur 
rent would by-pass wire 65 and flow directly to housing 
25. The embodiment as shown in FIG. 7 provides an 
additional desirable feature of being substantially more 
rugged than the embodiment employing the relatively 
thin tip 33. Tip 33' is partially recessed within the end 
of housing 25 and also substantially thicker than tip 33. 
It is to be remembered, however, that the embodiments 
as shown in FIGS. 5 and 6 could be incorporated within 
tip 33' with only one minor alteration necessary -— pro 
viding a small interconnecting wire or similar electrical 
connection means between spaced apart portion 45 
and housing 25. 
To adequately achieve the degree of deflection re» 

quired in the operation of the sensors illustrated, simi 
lar bimetals must be used for each of members 47 and 
49. More specifically, a bimetal utilized successfully in 
sensor 13 is Chace 2400 bimetal, manufactured by the 
W. M. Chace Company of Detroit, Mich, a subsidiary 
of the previously mentioned W. B. Driver Company. 
Chace 2400 bimetal has a high expanding side (illus 
trated as high expanding layer 53 in FIG. 4) consisting 
essentially of about 22 percent by weight nickel, 3 per 
cent by weight chromium, with the remainder iron, and 
a low expanding side (illustrated as low expanding layer 
55 in FIG. 4) consisting essentially of 36 percent to 42 
percent nickel with the remainder iron. An additional 
newly available bimetal also found suitable for use in 
sensor 113 is one produced by the W. M. Chace Com 
pany having a high expanding side consisting essentially 
of 22 percent nickel, 3 percent chromium, with the bal 
ance iron, and a low expanding side consisting essen‘ 
tially 30% to 35% nickel with the remainder iron. The 
high expanding side of the bimetal has a ?rst coefficient 
of thermal expansion of from 0° F to 150° F of at least 
7.0 X 106 per °F and a second coef?cient of thermal 
expansion lower than the ?rst over a temperature range 
from 150° F to‘ 600° F. The low expanding side of the 
bimetal has a ?rst coef?cient of expansion ranging 
from about 1.4 X 10‘6 per °F to about 6.0 X 10'6 per 
°F over a temperature range of 0° F to 150° F and a sec 
ond coef?cient of expansion of at least 7.0 X 10‘“ per 
°F over a temperature range from about 400° F to 600° 
F. This particular bimetal reduces many of the stresses 
found in prior art bimetals and results in improved 
overall operating conditions, especially in the higher 
temperature ranges. Depending on the con?guration 
used for each of the bimetallic members, as wellas the 
initial spacing between these members and the temper 
ature difference required to cause their engaging, other 
bimetallic materials can be utilized successfully in this 
invention. For practical reasons however, bimetallic 
materials having operating characteristics substantially 
similar to those described are preferred. 

In addition to providing means whereby a visual indi 
cation is given when the ?uid within container 23 is 
below a certain level (in FIG. ll), apparatus 10 can be 
modi?ed to perform other functions by relatively sim 
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ple alterations to circuit 11, such as energizing other 
circuits, or to operate other mechanisms such as audi 
ble signals, valving arrangements and the like. For ex 
ample, circuit 11 can be modified to include a means 
for actuating a valving arrangement in a boiler to 
thereby either shut down a burner or to open a valve 
and permit more ?uid to enter the container, depend 
ing on the pre-established fluid level setting. 
Besides this particular application, apparatus 10 may 

be also used in other situations in which the ?uids to be 
detected vary in temperature throughout their cycles of 
operation. Primary examples of such situations are 
found in the several containers of ?uids utilized in the 
operation of automobiles. Sensor device 13 could eas 
ily be inserted into an automobile’s brake ?uid housing, 
radiator side wall, or the various housings for the trans 
mission ?uid, engine oil, power steering ?uid, differen 
tial ?uid, or even the windshield washer ?uid, with the 
automobile’s electrical circuitry readily able to substi 
tute for circuit 11. 
Thus there has been provided an apparatus for de 

tecting the presence or absence of ?uid at a predeter 
mined level within a container. Unique features of this 
apparatus, which include temperature compensation 
means for varying ?uid temperatures and sequentially 
actuated current indicating means, have also been pro 
vided. 
While there has been shown and described what are 

at present considered the preferred embodiments of 
the invention, it will be obvious to those skilled in the 
art that various changes and modi?cations may be 
made therein without departing from the scope of the 
invention as de?ned by the appended claims. 
What is claimed is: 
1. In a sensor device comprising a housing member 

de?ning a chamber, a tip member adapted for being ex 
posed to a ?uid, said tip member secured to said hous 
ing and forming a closure for said chamber and to pre 
vent ?uid entrance into said chamber, a heat and elec 
trical conductive member within said chamber having 
a greater heat transfer capability than said tip member, 
an electrically resistive heater means within said cham 
ber having first and second spaced apart portions, said 
first portion in heat and electrical conductive relation 
ship to said heat conductive member within said cham 
ber, said second portion in heat conductive relationship 
to said tip member, and ?rst and second electrically 
conductive heat responsive means having substantially 
similar characteristics of thermal de?ection, said first 
and second heat responsive means in heat and electri 
cal conductive relationship to said ?rst and second 
spaced apart portions, respectively, and each having a 
free end adapted for mutual engagement only when the 
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8 
temperature difference between said ?rst and second 
spaced apart portions of said heater means exceeds a 
predetermined level, said temperature difference re 
sulting from a difference in rates of heat transfer of said 
heat conductive member and said tip member, the im 
provement comprising: 
providing a secondary heater means within said sen 
sor device for heating said second heat responsive 
means to provide continuous electrical connection 
between said ?rst heat responsive means and said 
second spaced apart portion of said heater means 
when said temperature difference between said 
?rst and second spaced apart portions of said 
heater means exceeds said predetermined level. 

2. The improvement according to claim 1 wherein 
said secondary heater means is provided by substan 
tially reducing the cross-sectional area of the free end 
of said second heat responsive means whereby electri 
cal current passing through said second heat responsive 
means will maintain said second heat responsive means 
at a temperature substantially warmer than said ?rst 
heat responsive means. 

3. The improvement according to claim 1 wherein 
said secondary heater means comprises an electrically 
conductive member positioned substantially adjacent 
saidsecond heat responsive means for engaging said 
free end of said ?rst heat responsive means, said elec~ 
trically conductive member adapted for transmitting 
heat to said second heat responsive means upon the 
passage of electrical current therethrough whereby said 
second heat responsive means will be maintained at a 
temperature substantially higher than said ?rst heat re 
sponsive means. 

4. The improvement according to claim 1 wherein 
said secondary heater means comprises an electrically 
conductive member positioned substantially around 
said second heat responsive means, said electrically 
conductive member adapted for transmitting heat to 
said second heat responsive means upon the passage of 
electrical current therethrough whereby said second 
heat responsive means will be maintained at a tempera 
ture substantially higher than said ?rstheat responsive 
means. 

5. The improvement according to claim 3 wherein 
said electrically conductive member is comprised of 
copper. 

6. The improvement according to claim 3 wherein 
said electrically conductive member is affixed to said 
second heat responsive means. 

7. The improvement according to claim 4 wherein 
said electrically conductive member is comprised of 
copper. 

* * * * * 


