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This invention relates to thermostatic metals
and bimetals and has for its object to provide a
thermostatic metal or thermostatic bimetal which
when formed into a thermostatic element will

5 have a useful deflection with temperature change
and will particularly have also a high tensile
strength and a high resistance to set, so that no
change in calibration takes place when the bi-
metal is incorporated in a device that after use-

18 ful deflection takes place and further movement
of the bimetal is then prevented, the temperature
to which the bimetallic element is subjected con-
tinues to rise, thereby building up considerable
force in such element.

15 Tensile strength or resistance to set, as it ap-
plies here, of a solid-solution-type alloy is first
the result of chemical analysis. Variables of
these properties are relative to hardness, and
hardness is relative to wroughting or work hard-

20 ening. The present thermostatic bimetal ap-
plications require severe forming of the elements
to incorporate them in thermostat devices. I
have found that if the now available thermostatic
bimetals are hardened by working, such as roll-

26 ing to the extent that resistance to set is high,
they are too refractory and fracture in forming,
which fracture becomes the weakest point and
destroys the resistance to set. If work hardened
only sufficiently to be ductile enough for form-

30 ing, the resistance to set is low.

Invar or the low expanding nickel alloy has
a higher modulus of elasticity than the copper
alloys in similar work hardened condition and
one object of this invention is to provide g bi-
metal element of Invar and a copper alloy which
copper alloy has a similar modulus of elasticity
to Invar. The invention may be used in any de-
sired manner where thermostatic metal is de-
sidable.

A particular application of the invention is
automobile cooling system thermostats incor-
porating & movable valve for controlling water
flow and a temperature responsive bimetal coil
element which is arranged in a coil or otherwise,
to move the valve to its open and closed position.
For purposes of illustration I have indicated in
the drawing one form of device illustrating such
use.
s0 Fig. 1isa view in part section, showing an au-

tomobile cooling system with a valve and ther-
mostat in position;

Fig. 2 is an enlarged sectional view through
the casing of the valve and thermostat;

g5 Fig. 3 is a sectional view through the valve
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casing, taken on line 3—3 of PFig. 2, showing the
entire valve.

Like numerals refer to like parts throughout
the several figures. L

In this construction there is a valve | arranged g
in a casing fa, the valve and casing being located
in the pipe 2 leading from the engine jacket 3
to the radiator 4. I have illustrated a stop 5
which is engaged by the valve when the valve
is in its fully open position, as shown in dotted jy,
lines in Figs. 1 and 2. When the engine is cold
the valve is closed, as shown in full lines, and
when the cooling liquid for the engine heats up,
the thermostat is heated and moves the valve to

-its open position. In this use in its action through 15

the temperature range of approximately 140° to
180° F, the bimetal element has completed its
useful deflection and the valve has reached its
wide open position, as shown in dotted lines in
the drawing, so no further travel is necessary or 20
possible. Temperatures greatly in excess of 180°
F. are sometimes reached in an automobile cool-
ing system due to low water, frozen radiator, or
numerous other causes. Any increase in fem-
perature over 180° F. builds up a foree in the bi- 26
metal element, which if free would continue to
deflect with temperature increases. Since the
valve | cannot move any farther than to its fully
open position, as shown in dotted lines, its move~
ment is stopped and the increase in temperature g,
simply builds up a force in this thermostatic ele-
ment without producing any further movement of
the valve I. If the element does not have a high .
resistance to set, under this condition a change
in calibration takes place increasing the operat- 35
ing range above the original 140° to 180° F,,
causing continual overheating and possible se-
vere damage -to the engine.

I have provided a thermostatic bimetal entire-
ly satisfactory for this type of application by 40
utilizing with a low expanding member, such
member formed of nickel and iron containing
32 to 45 percent nickel and remainder iron, a
copper alloy having a relatively high and coop-
erating co-efficient of expansion and other prop- 45
erties permitting a combination of the nickel
steel alloy and the copper alloy of approximate-
ly equal proportional thickness in composite slab
form to be converted into sheet form. This cop-
per alloy has the important property of harden- go
ing without working or reduction of area so that
the completely formed bimetal element as ready
for assembly into the device can be further hard-
ened and resistance to set increased by aging.

I provide a copper alloy, which of the solid 85
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solution type, has a relatively high modulus of
elasticity and to this I add an element or com-
bination of elements, the solubility of which in
the copper alloy is greater at high temperatures
than at low temperatures.

Age hardening, or precipitation hardening oc-
curs only in alloys of the solid solution type which
contain a hardening constituent, the solubility of
which in the alloy at high temperatures is great-
er than at low temperatures. The solid solution
when quenched from the above solid solubility
temperature is supersaturated and unstable and
on reheating to a temperature below the solid
solubility temperature, the unstable solution
tends -to revert to an equilibrium condition
which corresponds with a tempering effect. The
resulting increase in hardness is a supersaturated
solid solution hardening.

Usually increases in hardness and strength or
resistance to set are comparable and this is true
of the alloy covered here for thermostatic bi-
metal.

There is a change witl, temperature in the
solubility of iron in copper from approximately 4
percent at 2000° F. to approximately .5 percent
at 1000° F. I find that iron as a hardening con-
stituent in my copper alloy for thermostatic
metal use to be particularly desirable, as drastic
quenching is not necessary to bring about super-
saturation at low temperatures. Remarkable
hardening can be produced by cooling slowly and
reheating to a temperature under the first tem-
perature. The solubility of silicon in copper
varies from 6.7 percent at 1350° F. to about 4
percent at 750° F’. but a copper alloy containing
over 3 percent silicon is very refractory and diffi-
cult to roll. So silicon alone as s hardening
constituent is not desirable. However, silicon
with necessary amounts of nickel and iron, form-
ing the corresponding silicides are particularly
susceptible to age hardening; for example, nickel
silicide is soluble in copper to the extent of 8.2
percent at 1830° F. and only .7 percent at 570° F.
I have found that a nickel-iron-silicon-manga-
nese-copper alloy having the metals in substan-
tially the following proportions to be particu-
larly useful and efficient for my thermostatic bi-
metal, nickel .5 percent to 5 percent, iron .1 per-
cent to 5 percent, silicon .5 percent to 3 percent,
manganese .25 percent to 1 percent, and the re-
mainder copper.

The thermostatic bimetal of Invar and the

2,194,738

silicon - nickel - manganese - iron - copper alloy
above set out for this purpose are welded in slab
form and rolled into sheet or strip. This is cut
up Into usable sizes and then formed into colls
or other shapes and then treated to increase re-
sistance to set.

The resulting strength of the bimetal element
after treating is greater than that obtained by
work hardening as by cold rolling to a hardness
which is still ductile enough for forming into a
coil shape like the automobile cooling - system
thermostatic coil.

Hardening of the foregoing age hardenable al-
loy is done by heating to approximately the solid
solution temperature of the particular alloy and
then quenching. The hardening or aging takes
place during a subsequent reheating of one to
several hours to a temperature lower than the
quenching temperature. The quenching temper-
ature is usually between 1300° F. and 1600° P,
and the aging temperature between 400° F. and
1150° F. When temperature and time prior to
quenching are sufficient to anneal or soften the
Invar, the following increase in hardness by aging
the copper alloy would in son.e combinations
not be as great as the loss and the bimetal shape
would have a lower resistance to set than before
age hardening. In this event, the first heating

- and quenching is done prior to the finished gauge

thickness and then cold worked by rolling to
harden the Invar, which work hardens more
readily than the copper alloy. The copper al-
loy is partially hardened by the cold working but
only sufficiently so as to be ductile enough for
forming. Further hardening is then accom-
plished on the formed or shaped individual bi-
metal coils or pieces by aging at a temperature
lower than the quenching temperature. The re-
sulting increased hardness of the copper alloy
is similar to the effect from excessive cold work-
ing but if hardened in sheet form by cold rolling
the material would not form, as described, with-
out fracture.

I claim:

A thermostatic bimetallic element having a
member formed of a ferrous alloy comprising 35
percent to 45 percent nickel and a member formed
of a copper alloy comprising silicon 0.5 percent to
3.0 percent, nickel 0.5 percent to 5.0 percent, man-
ganese .25 percent to 1.0 percent, iron 0.1 per-
cent to 5.0 percent, and the remainder copper.

THOMAS B. CHACE.
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