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This invention relates to theranostatic ele 
ments in the form of alloys of a high coefficient 
of expansion. It relates more, in particular, to 
alloys having a high tensile strength and yield 
point in cornbination with a high coefficient of 
linear expansion and to ther nostatic metals, par 
ticularly binetals, of which the high expansion 
Inernbers are the manganese, nickel, copper al 
loys disclosed hereinafter. The alloys or ther 
mostatic netals to which the invention relates 
have as constituents manganese, nickel and cop 
per. 
The invention Will be explained, in pairt, by 

reference to the acco inpanying drawings, Wherein 
Fig. is a ternary diagra showing a number 

of curves illustrative of the linear expansion 
caracteristics of the alloys; and 

Fig. 2 is a similar diagram identifying certain 
eS 
In Sig, , I have illustrated the coeficients 

of linear expansion by lines of equal coefficients 
draw on a ternary diagram representing the 
three contagonent Systern, Inanganese, nickel &nd 
copper. Although the Ananganese, copper, nickel 
alloys disclosed herein are highly useful for the 
purposes of the present invention without any 
theat seatinent, those illustrated in the diagrain 
Were prepared by quenching from 900 degrees C. 
and subsequently cold working thera. The coeff 
cients of expansion of the alloys as quenched 
and cold worked are not greatly affected oy Sub 
sequent, heat treatment. In the following table, 
I show the coefficients of linear expansion of 
severa specific alloys in both the quenched and 
cold Worked states, and also after aging at 450 
degrees C. his particular case, the measures 
ments were made from room temperature to 
0 degrees C. 

Coefficiez: of linear expansion.x10-cm./cm./ C. 

Compositio Lenched 
and cold 
WForked 

Quenchedi 

20 
85 

0 
5 
8 

In addition to the high coefficient of lineas ex 
pansion which is illustrated by the values givan, 
have found that these alloys possess other VSu 

25 

2. 

25 

30 

able properties which make then useful in ar 
ticles where high coefficients of linear expansion 
are necessary. As indicated by the table, certain 
of the alloys of any invention may be hardened by 
heat treatment. The extent of this hardening 
and the pi'efered heat treatinent for bringing it 
about difier in different composition ranges. 
In Fig. 2, I have illustrated several ranges of 

composition yhich have been designated by out 
lining areas identified by the letters A,B and C. 
*?à the Coñ?position range within the area, A, I 
have found that a suitable treatment to develop 
high strength and yield point is to heat to a 
temperature of about 900 degrees C., quench and 
then age at about 450 degrees C. A cold working 
step or steps Inay be introduced between the 
quenching and aging steps. As a result of this 
heat treatinent, these alloys may be given tensile 
strength of 50,000 to 200,000 pounds per square 
inch and a yield point of 5% of the tensile 
strength. Even higher tensile strengths may be 
obtained, out the yield point then as a rule is 
closer to the value for ultimate tensile strength. 

In the composition range B, a suitable heat 
treatment is to tuench the alloys from about 900 
degrees C. and then age at a temperature of 700 
degrees C. Under these conditions, these alloys 
have greatly increased hardness imparted to 
then, 

In the composition range C, a suitable heat 
treatment is to quench the alloys from about 900 
degrees C. 32nd age thern at a temperature of 
600 degrees C. With this treatment of the ailoys 
in this range, tensile strengths of 120,000 pounds 
per square inch may be obtained. I have found 
that the alloys of my invention possess high elec 
trical resistance and that the electrical resistance 

5 

Enlay be considerably enhanced by quenching from 
a temperature of about 900 degrees C. The . 
quenched alloy may be cold worked without ad 
versely affecting its electrical resistance. 

have found that there is an approximate 
parallelism between electrical resistance and co 
efficient of linear expansion in the alloys of my 
invention. I have found, for example, that alloys 
having electrical resistances between 170 and 
209X10-6 ohms/cmº show a coeficient of linear 
expansion in excess of 20X308 C./crt/de 
gree C. and that the alloys having an electrical 
resistance of less than 50X10 oh, Ins have a 
coefficient of inear expansion of approximately 
5XO-6 cm/cm/degree C. 

it have found that aging at 450 degrees C. 
adversely affects the electrical resistance in the 

  



alloys within the composition range indicated by 
the area A in Fig. 2, while in the area, 3 of Fig. 2, 
the electrical resistance may be greatly enhanced 
by heat treatment. A suitable treatment to de 
velop very high electrical resistances in alloys 
within the area 8, is to quench from 900 degrees 
C. and reheat at a temperature of 700 degrees C. 
for several hours. By this treatment, electrical 
resistances as high as 2000 X 10-ö ohms can be 
obtained. 

I have found that the maganese, nickel, copper 
alloys have relatively low temperature coefficients 
of electrical resistance. This property is espe 
cially low in the alloys having coefficients of linear 
expansion of approximately 5X106 cm./cn/de 
gree C. and in the alloys having coefficients 
of line2, expansion of more than 20X106 
cm./c/degree C. All of these alloys have a 
relativeiy high nodulus of elasticity. Rfany of 
thern have a inodulus of more than 20,000,000 
pounds per square inch. These alloys also possess 
high fatigue strength. These various properties, 
combined. With high coefficients of linear expan 
sion, make the alloys of Imy invention particul 
larly useful, for. example, as bi-Yneta strips for 
temperature contro Work. In Such Strips it is 
important not only to have a high coefficient of 
linear expansiog, but also to having a high yield 
point and modulus of elasticity. High vibration 
damping capacity is also of value in materials 
for this use, since it may prevent chattering of 
the electrical contacts which are frequently made 
by the use of Such strips. A high coefficient of 
electrical resistance coRabined with a high co 
eficient of linea, expal 2sion is very useful in cer 
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35 
tain types of electrical equipment where it is 
advantageous to utilize the expansion of a mem 
ber when it is heated by the passage of an elec 
trical current. She properties of these alloys 
make them of exties Re value in various types of 
temperature and electrical control Enembers in 
the various industries in which such control 
members are used. 
As an illustration, reference may be made to 

bi-metallic strips responsive to temperature 
changes. A conventional type of strip is one con 
sisting of a low expansion component in the form. 
of a high nickel alloy such as Invar, With a high 
expansion component such as brass, copper or 
certain nickel, chronium, iron alloys. By em 
ploying a high nickel alloy, such as Invar (64% 
iron, 36% nickel), having a low coefficient of 
linear expansion, and one of the alloys of my 
invention having a coefficient of linear expan 
sion of about 25 or higher X10 cm./cm./degree 
C., I can obtain about twice the movement per 
unit of temperature change as compared with the 
conventional strip. I may also use an Ordinary 
steel in combination with the high expansion 
alloys of any invention, and obtain considerable 
advantages. The low expansion component or 
member, while most Suitably Invar or other iron 
nickel alloys having a high content of nickel, of 
the order of about 36% or higher, may be any 
other metal or alloy, illustrative examples thereof 
being disclosed in Patents NoS. 1,947,065 and 
1,991,438. Miy alloys may be produced with a 
modulus of elasticity of better than twenty mil 
lion, a figure substantially in the steel range. In 
producing the bi-metallic strips, they may be 
welded, fused, brazed or otherwise handled in 
accordance with the usual practices. While I 
have mentioned bi-metallic strips as illustrative, 
it will be understood that such strips or members 
may comprise more than two laminae, or the 
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temperature responsive device may take the 
form of known mechanical arrangements such as 
a rod within a tube. .?? 
Another type of control unit is one where the 

expansion of a single material, e. g., a bar, is 
utilized for control purposes. With the high 
electrical resistance obtainable With our alloys, 
the control member may carry a current and 
may be used in a circuit Where rise of tempera 
ture produced through resistance of the member 
causes such lineal expansion of the control men 
be as to open a set of contacts and interrupt the 
current. In such a System, the member is directly 
responsive to current input. Other specific in 
stallations of his general type may be used. It 
will be understood that the invention is broadly 
applicable to thermostatic mechanisms where the 
Inanganese, nickel, copper alloys comprise the 
high expansion component of the differential ex 
pansion portion of such mechanisms which utilize 
a difference in the thermal expansion of two or 
more materials. - 
The composition of the alloys used in ac 

cordance with my present invention, where the 
various properties discussed may be obtained, is . 
clear from the description alone as well as when 
taken with the drawings. The Several properties 
obtainable should obviously be considered in the 
design of a control element. The drawings show 
that at least 10% manganese should be present, 
but that the manganese may comprise in Some 
cases as much as 97% of the whole. The pro 
portion of copper may be varied greatly as well, 
but the nickel content should not be more than 
70% of the total composition. One satisfactory 
group of alloys comprises those containing from 
3% to 26% nickel, from 2% to 25% copper, and 
from 67% to 80% manganese, the total of 
said metals amounting to substantially 100%. 
Another range of excellent properties comprises 
those alloys containing from 8% to 20% nickel, 
from 7% to 19% copper, balance substantially all 
manganese, especially electrolytic manganese of 
high purity. A particularly satisfactory group 
of alloys comprises those containing from about 
70% to 75% manganese, from about 8% to about 
15% nickel, and from about 15% to 20% copper. 
Of especial value is an alloy of about 72% manga 
nese, about 10% nickel and about 18% copper, 
particularly when prepared from highly pure 
metals, preferably those produced electrolytically. 
Electrolytic manganese of at least 99.0% and 
preferably of the order of 99.9% purity is especi 
ally satisfactory in the preparation of the high 
expansion alloys used in accordance with the 
present invention. 
This application is a continuation-in-part of 

Iny application Serial No. 303,006, filed November 
6, 1939. 
What I claim as new and desire to protect by 

Letters Patent of the United States is: 
1. As a new article of manufacture, a control 

member adapted to expand and contract on heat 
ing and cooling, respectively, comprising metallic 
members having different expansion character 
istics, one of said members being made of an 
alloy of manganese, nickel and copper, said alloy 
having a temperature coefficient of expansion 
greater than 20x10 cm./cm/degree C. and 
comprising from 67% to 80% manganese, from 
3% to 26% nickel, and from 2% to 25% copper, 
the total of the manganese, copper and nickel 
amounting to substantially 100%. 

2. As a new article of manufacture, a control 
member adapted to expand and contract on heat 



ing and cooling, respectively, cornprising me 
tallic members having different expansion chair 
acteristics, one of said members being made of 
an alloy of manganese, nickel and copper, said 
alloy having a temperature coefficient of expan 
sion greater than 20x10 cm/cm/degree C. sand 
comprising from 8% to 20% nickel, from 7% to 
19% copper, and the balance of said alloy being 
substantially all manganese, the total of the 
manganese, copper and nickel a mounting to Sub 
stantially 100%. .?????? 

3. As a new article of manufacture, a control 
member adapted to expand and contract on heat 
ing and cooling, respectively, comprising me 
tallic members having different expansion chair 
acteristics, one of said members being made of 
an alloy of manganese, nickel and copper, said 
alloy having a temperature coeficient of ex 
pansion greater than 20x10 c./en./degree C. 
and comprising from 70% to 25% Inanganese, 
from 8% to 5% nickel, and frox. 5% to 20% 
copper, the total of the Inanganese, copper and 
nickel amounting to substantially 100%. 

4. As a new article of manufacture, a control 
member adapted to expand and contract on heat 
ing and cooling, respectively, comprising metallic 
members having different expansion character 
istics, one of said members being made of 82n 
alloy of nickel, copper and manganese, said alloy 
having a temperature coeficient of eparåsion 
greater than 20x108 cm./cni./degree C. and 
comprising about 10% nickel, about 18% copper, 
and about 72% mangai leSe. 

5. As a new article of manufacture, a control 
member adapted to expand grid contract or heat 
ing and cooling, respectively, comprising Enetallic 
members having different expansion character 
istics, one of said members being made of a high 
nickel-iron alloy having a low coefficient of linear 
expansion, and another of said members being 
made of an alloy of nickel, copper and manganese, 
said alloy having a temperature coeficient of ex 
pansion greater than 20x10 cm./en./degree C. 
a di comprising about 10% nickel, about 8% 
copper, and about 72% manganese. 

6. As a new article of manufact Are, 8, control 
member adapted to expand and contract on heat 
ing and cooling, respectively, comprising metalic 
Inernbers having different expansion character 
istics, one of said ineEnbers being En&de of Inves 
and another of said members being made of an 
alloy of nickel, copper and manganese, said alloy 
having a terperature coeficient of expansion 
greater tha: 20X10-9 cm./en./degree 6, 8.radi 
congrising 8bout 0% nickel, about 8% coppe", 
and about 72% maganese. 

2. As a new article of manufacture, a control 
Freimber adapted to expand and contract on heat 
ing and cooling, respectively, comprising metalic 
members having different expansion character 
istics, one of Sai Enembers being trade of Enver 
and the other one being made of an alloy of 
nickel, copper and manganese, said alloy having 
a temperature coefficient of expansion greater 
than 20XÎ0-6 cm./cm./degree C. and comprising 
from 3% to 26% nickel, from 2% to 25% copper, 
and from 67% to 80% electrolytic manganese of 
at least 99% purity, the total of the nickel, copo 
per and electrolytic manganese of said alloy 
amounting to substantially 100%. 

8. As a new Brticle of manufacture, a contro 
membe adapted to expand and contract on heat 
ing and cooling, respectively, comprising metalic 
members having different expansion character 
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nickel-iron alloy having of the order of at least 
33% nickel and having a low coeficient of linear 
expansion, and the other one being made of an 
alloy of nickel, copper and manganese, Said alloy 
having a temperature coefficient of expansion 
greater than 20x60 cm/cm/degree C. and 
comprising from 3% to 26% Ehickel, from 2% to 
25% copper, and from 67% to 80% electrolytic 
manganese having a purity of the order of 99.9%, 
the total of the nickel, copper and electrolytic 
manganese of said alloy amounting to Substan 
tially 100%. 

9. A bi-xeta strip comprising a first metallic 
merber Inade of invas" and a second metallic 
member of 8 composition and expansion proper 
ties different from those of the first metallic mem 
ber, said second member being made from an alloy 
of nickel, copper and manganese, said alloy hav 
ing a tenagerature coefficient of expansion greater 
than 25 XKG -6 cm./c./diegree C. di comprising 
from 3% to 26% Mickel, fron 2 % to 25 % copper, 
atad fron 67 % te 30% Krhangenese, the total of 
the nickel, copper &nd nanganese amounting 
to substantially (8%. 

10. As a levy articia of manufacture, a control 
neme adapted to expand and contract on heat 
ing and cooling, respectively, comprising metallic 
members having different expansion character 
istics, one of Said members being made of a low 
eEpansion materia and the ote oi said Enem 
bers being made of a high expansion materiai in 
the form of an alloy of mangasaese, rickel and 
copper, Said alloy having a temperature coefficient 
of expansion greater than 20x108 cm./cnn/de 
gree C. 8Ynd 8K electrical resistance Oi 3t lea.St 
70X106 ohms/cm3, and comprising from 67% 

to 80% manganese, from 3% to 26% raickel, and 
from 2% to 25% copper, the total of the man 
ganese, nickel and copper i: said alloy amount 
ing to substantially 20%. 

11. As a new article of manufacture, a control 
member adapted to expand anti contract on heat 
ig and cooling, respectively, cornprising metallic 
Enebers havigag differekat, expansion character 
stics, one of said Enersbers belang Amade of invar 
&nd the other of Said Sheimbers Reing nade of a 
LLLm LLLLLLLLLL LLLLLLLLS LLLLS SLLL LmLL LLLL LLLLLLLLS LLLLLL 
of mang Knese, nicksei RMR di copper, said alloy hav 
ing & tengelºtAre COS?cie at of ekpansion not 
substantially less than 25x.0 cr./cm/degree C. 
and S eiectrica ressee of at: est 70 X 10-6 
ohns/C., &nd cogn:rising frog in a 9% to 25% 
Ananganese, from 3% to 15% nickel, and from 
15% to 20% coppa, the tot o the manganese, 
Copper 82d Flickel is said alloy arosting to sub 
Stalitially 0%. 

12. A bi-metal strip comprising s, first metallic 
raneaber having 8, lovy coefficient of linear expan 
son &nd & Second metallic member having a high 
coef?cient oãº AiRae8ar expansion, said second mem 
ber being inade from an alloy of nickel, copper 
and manganese, said alloy having a temperature 
coeficient o expansion greater than 20 XK10-6 
Cra./crn./degree C., and comprising from 70% to 
75% electrolytic Inanganese having a purity of at 
least 99.8%, from 3% to 15% nickel, and from 
15% to 20% copper, the total of the manganese, 
Copper and nickel in said alloy'amounting to sub 
stantially 0.0%. 

13. A bi-metal strip comprising a first metalic 
member having & low coefficient of linear expan 
Sion and comprising an iron alloy containing a 
high proportion of nickel, and a second metallic 
member having & high coefficient of expansion, 

istics, one of Said members...being made of a 's said second nearber being made from an alloy 

  



4. 
of nickel, copper and manganese, said alloy hav 
ing a temperature coefficient of expansion of at 
least about 25X106.cm/cm/degree C., and Con 
prising from 8% to 20% nickel, from 7% to i9% 
copper and the balance of said alloy being sub 
stantially all electrolytic manganese of high pur 
ity, the total of the nickel, copper and electrolytic 
manganese in said alloy amounting to Substan 
tially 100%. 

14. A bi-metal strip comprising a first Inetallic 
member made of Invar, and a second metallic 
member made from an alloy of nickel, copper and 
manganese, said alloy having a temperature coef 
ficient of expansion of at least about 25X10 
cm/cm/degree C., and comprising from 8% to 
20% nickel, from 7% to 19% copper and the 
balance of said alloy being substantially all elec 
trolytic manganese of high purity, the total of 
the nickel, copper and electrolytic manganese in 
said alloy amounting to substantially 100%. 

15. Thermostatic metal comprising a plurality 
of joined metallic laminations, one of Said lami 
nations having a relatively high coefficient of ex 
pansion and comprising an alloy of the following 
constituents by weight: manganese in excess of 
50% and up to about 90%, nickel 4% to 20%, 
balance substantially all copper, the copper con 
prising at least 5%; the other lamination having 
a relatively low coefficient of expansion. 

16. In a device responsive to temperature 
changes to perform work or mechanical move 
ment, a plurality of metallic members, one of 
said members having a relatively high linear co 
efficient of thermal expansion and comprising an 
alloy of the following constituents by Weight: 
manganese in excess of 50% and up to about 90%, 
nickel 4% to 20%, balance substantially all cop 
per, the copper comprising at least 5%; the other 
member having a relatively low linear ccefficient 
of thermal expansion and comprising essentially 
“Invar,' an alloy of iron and nickel. 

17. Thermostatic metal comprising a plurality 
of joined metallic laminations, one of said lami 
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nations having a relatively high coefficient of 
thermal expansion and comprising an alloy of the 
following constituents by weight: manganese 
60% to 85%, nickel 5% to 30%, balance substan 
tially all copper, the copper comprising at least 
7%, the other lamination having a relatively low 
coefficient of thermal expansion. 

18. A thermostatic metal conprising a plurality 
of joined metallic laminations, one of said lami 
nations having a relatively high coefficient of 
thermal expansion and comprising an alloy Con 
sisting by weight of about 72% manganese, 18% 
copper, and 10% nickel, the other lamination 
having a relatively low coefficient of thermal ex 
pansion. 

19. A thermostatic metal comprising a plural 
ity of joined metallic laminations, one of said 
laminations having a relatively high coefficient of 
thermal expansion and comprising an alloy con 
sisting by weight of about 72% manganese, 18% 
copper, and 10% nickel, the other lamination 
consisting of “Invar.' 

20. In a tievice responsive to temperature 
changes to perform work or mechanical move 
ment, a plurality of metallic members, one of 
said members having a relatively high linear co 
efficient of thermal expansion and comprising an 
alloy of the following constituents by weight: 
manganese 60% to 65%, nickel 5% to 30%, bal 
ance substantially all copper, the copper compris 
ing at least 7%, the other member having a rela 
tively low linear coefficient of thermal expansion. 

21. In a device responsive to temperature 
changes to perform work or mechanical move 
ment, a plurality of metallic members, one of 
said members having a relatively high linear co 
efficient of thermal expansion and Conprising an 
alloy of the following constituents by weight: 
manganese about 72%, copper about 18%, and 
nickel about 10%, the other member having a 
relatively low linear coefficient of thermal expan 
SiOm. ?? 

REGINALD S. DAN. 


