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ABSTRACT 0F THE DISCLOSURE 

A thermostatic bimetal having enhanced temperature 
dependent characteristics such as the amount and linearity 
of deflection and developed force as Well as an extended 
temperature range of maximum sensitivity. The bimetal 
employs a low expanding component containing, as major 
constituents, 30.75 %31.75 % by weight of nickel, 6.5% 
8.5% of cobalt, balance iron. This component can also 
contain, as minor constituents, manganese, carbon and 
silicon. 

SUMMARY OF THE INVENTION 

All thermostatic bimetals possess certain important 
characteristics which are functions of temperature; i.e., 
the amount and linearity of deflection, the amount and 
linearity of developed force, and the range of maximum 
sensitivity. (This range is the temperature range of maxi 
mum rate of change of deflection and force.) All of these 
characteristics are related to Aa, which is the diiîerence 
between the coeflicients of thermal expansion of the high 
and the low expanding components of the bimetal. The 
standard low expanding component is Invar, which uses 
two major constituents, nickel (36% by weight) and iron. 

In contradistinction, We employ as a low expanding 
component an iron-nickel-cobalt alloy having the follow 
ing composition, by weight: 

Percent 
Nickel _____________________________ __ 30.75-31.75 

Cobalt ____________________________ __ 6.5-8.5 

Iron ______________________________ __ Balance 

In addition, this alloy can contain 0.05%0.50% of 
manganese and .015%»0.12% of carbon. Further, this 
alloy can also contain .015%-0.15% of silicon. The Aa 
attained from thermostatic bimetals using this alloy is 
larger than any other bimetals using Invar and moreover, 
the linearity of Aa is maintained within desired limits 
over a greater temperature range. As a result, our bimetal, 
for a given temperature range, is characterized by en 
hanced magnitude and linearity of both force and deflec 
tion as well as an extended range of maximum sensitivity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 is a perspective View of a bimetal in accordance 

with our invention; and 
FIG. 2 is a graph comparing 4the change of Aa with tern 

perature of certain of our bimetals as compared to a bi 
metal using Invar. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

FIG. 1 shows a typical bimetal in accordance with our 
invention having two bonded layers 10 and 12. Layer 10 
is a conventional high expanding component such as chro 
mium-nickel-iron. Layer 12 is a low expanding com 
ponent in accordance with our invention. 
The overall composition ranges of the major constitu 
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ents of this low expanding component as expressed in 
percent by weight are: 

Percent 
Nickel ____________________________ __ 30.75-31.75 

Cobalt ____________________________ __ 6.50-8.50 

and 
Iron ______________________________ __ Balance 

The ranges of the minor constituents of this component 
are: 

Percent 
Manganese ________________________ _ _ 0.05-0.50 

Carbon ___________________________ __ 0.015-0.12 

Silicon ____________________________ __ 0.0150.15 

No special processing is required in using this alloy 
together with other bimetal alloys as compared to using 
standard Invar. Conventional hot and cold bonding tech 
niques may be used together with standard annealing and 
cold rolling procedures. 
The important thermostatic bimetal characteristics of 

curvature (reciprocal of radius of curvature), deñection 
and force are functions of Aa (the difference in expansion 
coeñicients of the high and low expanding elements), as 
Well as the thicknesses of these components and the ratio 
of the elastic moduli of the low expanding and high ex 
panding components. Since the modulus of our low ex 
panding alloy is approximately the same as that of stand 
and Invar and the thickness is a design consideration 
only, Aa is the most important parameter. 
A known bimetal using Invar as the low expanding 

component and a known nickel-chromium-iron high eX 
panding component (typical composition 22% by weight 
of chromium, 3% nickel, balance iron) was prepared, and 
its Aa was measured and plotted as a function of tem 
perature as shown at curve 20 in FIG. 2. 
Two rbimetals using the same high expanding compo 

nent and two different compositions of our low expanding 
alloy were prepared and the two different Aa’s were meas 
ured and plotted as a function of temperature as Shown 
at curves 22 and 24 respectively in FIG. 2. 
The low expanding alloy used in obtaining curve 22 had 

the following composition: 
Nickel _________________________________ __ 31.29 

Cobalt __________________________________ _ _ 7.05 

Manganese ______________________________ __ 0.10 

Carbon _________________________________ _ _ 0.03 7 

Silicon _________________________________ _ _ 0.10 

The low expanding alloy used in obtaining curve 24 had 
the following composition: 
Nickel _________________________________ __ 31.54 

Cobalt _________________________________ __ 8.16 

Manganese ______________________________ __ 0.07 

Carbon __________________________________ __ 0.016 

Silicon _________________________________ __ 0.10 

It can be seen that the Aa for each of curves 22 and 
24 is not only larger `than that for curve 20, Ibut is also 
more nearly constant with increasing temperature. Note 
that curves 22 and 24 have a spread in Aix of .50X 10H6/ 
° F. and .20><l06/° F. respectively as compared to a 
spread of .90X106/° F. for curve 20 over the tempera 
ture range of 10W-500° F. 
The flexivity coeñìcient is a fundamental parameter for 

evaluating bimetal characteristics. It is the temperature 
coefficient of curvature deñned as: 

e-at F: R. R1 
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where: 

F=Flexivity 
R1=Radius of curvature at temperature T1 
R2=Radius of curvature at temperature T2 
t=Thickness of bimetal 

The following table compares the flexivity coeñicients 
that can be obtained with Ithe compositions such as used 
for curves 22 and '24 as compared with the known compo 
sition of curve 20. The temperature range for flexivity 
measurement is 100° F.300° F. and the two components 
have equal thicknesses. 

FLEXIVITIES 

[Parts per million per degree E] 
Over the temperature range of 100° F.-300° F. 

Curve 20 _________________________________ __ 14.6 

Curve 22 ___________________ __. _____________ __ 15.7, 

Curve 24 _________________________________ __ 15.3 

Greater increases in flexivity can be obtained when high 
expanding elements having lower expansion coefficients 
than that used herein are coupled without low expanding 
alloy. 
As a result, our bimetals, as compared to known bi 

~metals, are characterized by: 

(l) Greater deflection for a given temperature change 
because of a larger value of Aa; 

(2) Greater force for a given temperature change be~ 
cause of a larger value of Aa; and 

(3) Enhanced linearity of deflection and force with tem 
lperature, and greater temperature range of maximum 
sensitivity due to a more uniform value of Aa over a 

larger temperature range. 

Within the normal operating temperature range of bi 
metals, the composition ranges given herein result in the 
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optimization of Aa and the temperature range of maxi 
mum sensitivity. 

While we have described our invention with particular 
reference to preferred embodiments, our protection is to 
be limited only yby the scope of the claims which follow. 
What is claimed is: 
1. A thermostatic bimetal comprising: 
ñrst and second metallic layers bonded together tol de 

íine a strip, the ñrst layer being a high expanding 
alloy, the second layer being a low expanding alloy, 
said strip being characterized by a parameter, Aa, 
which is the difference between the thermal c0 
efñcients of expansion of the two layers, said param 
eter having a substantially constant value over a tem 
perature range of 100° F. to 300° F. and being in 
excess of 1.01 >< l0'I per ° F. throughout this range; 

said first layer consisting essentially of nickel, chro 
mium and iron; 

said second layer consisting essentially of the following 
as expressed in percent by weight: 

Percent 
Nickel _____________________________ __ 30.75-31.75 

Cobalt _____________________________ __ 6.5-8.5 

Manganese _________________________ __ 0.05-0.5 

Carbon ____________________________ __ 0.015-0.l2 

Silicon _____________________________ __ 0.015~0.15 

and 
Iron _______________________________ _ _ Balance 

2. A bimetal as set forth in claim 1 wherein the first 
layer consists essentially of 22% chromium, 3% nickel, 
balance iron. 
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