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1. 

The present invention relates in general to the 
So-called nickel iron alloys such as are used for 
the manufacture of hairsprings for Watches and 
the like, and the principal object of the invention 
is to produce a new and improved alloy of this 
character. 
The improvement is concerned mainly with the 

effect of temperature changes. On the rate of oscil 
lation of a balance Wheel hairspring combination 
Such as is used in a watch. In any hairspring, 
Whether made of Steel or One of the nicke iron al 
loys now commonly used for hairsprings, the in 
crease in the Width and length of a hairSpring due 
to thermal expansion exactly balance each other 
and give rise to no change in rate due to change in 
temperature. The increase in the thickness of 
a hairSpring due to thermal expansion increases 
the stiffness of the Spring, and hence tends to 
increase the rate. This tendency is, however, 
counteracted by the increase in the inertia of the 
balance due to expansion, which tends to de 
crease the rate. In practice the increase in the 
thickneSS of the hairSpring and the increase in 
the inertia, Öf the balance can be made to approx 
irinately balance each other, and the total error 
due to thermal expansion is therefore very small. 

he principal Source of error is the change in 
the modulus of elasticity of the hairSpring re 
Sponsive to changes in temperature. The change 
is in a negative direction for Steel and most al 
loys, which means that a hairspring groWs 
Weaker with a rise in temperature. Thus the 
negative thermal coefficient of elasticity causes 
a Watch to run slower as the temperature rises. 
In the case of a watch having a steel hairspring, 
for example, the decrease in the rate is as much 
as four minutes per day for a rise in tempera 
ture of 50° E. 
One method of correcting for the negative 

thermal coefficient of elasticity of the hairspring 
is to use a so-called compensating balance hav 
ing a bi-metallic split rim which is effective to 
decrease the inertia, of the balance as the ten 
perature rises. A compensating balance gives ex 
cellent results insofar as timekeeping qualities 
are concerned, but is objectionable on account of 
the expense and for other reaSons which are well 
understood. m 

With the discovery of the special properties of 
the nickel iron alloys a new method of eliminat 
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of elasticity was presented. 

able for hairsprings. 

2 
ing the error due to negative thermal coefficient 

The Substartially 
pure nickel iron alloys have a thermal coefficient 
of elasticity which Varies over a wide range with 
the amount of nickel used. By choosing the cor 
rect proportion of nickel to iron the thermal co 
efficient of elasticity can be made to equal zero, 
and there is even a limited range of nickel per 
centages which yield an alloy having a positive 
thermal coefficient of elasticity. A pure nickel 
iron alloy is not satisfactory for the manufacture 
of hairsprings, however. The alloy is too soft, 
for one thing, and the percentage of nickel which 
gives an alloy with a zero thermal coefficient of 
elasticity is too critical. -- 
Various improvements have been made in the 

Original nickel iron alloy to render it more suit 
For example, it has been 

found possible to at least partially overcome the 
objectionable softness of the alloy by adding 
Small amounts of certain elements which func 
tion in known manner as hardening agents. It 
has also been discovered that the addition to a 
nickel iron alloy of a relatively large amount of 
chromium (10%, for example), changes the 
thermal coefficient of elasticity quite radically 
and produces an alloy which has a fairly uni 
form modulus of elasticity over a considerable 
temperature range. The alloy known as Elinvar 
is representative of the improved nickel iron al 
loys and contains about 8 to 12 parts of chro 
mium, together with small amounts of tungsten, 
carbon, manganese and Silicon which improve the 
Working properties of the alloy and increase the 
elastic limit. . m . . . . 

HairSprings made of the nickel-iron alloys are 
known as "compensating' hairsprings, although 
the thermal coefficient of elasticity is negative. 
They are, in, fact, compensating in the sense 
that the Stiffness increases with increase in tem 
perature and compensates for the increase in the 
inertia of the balance with increase in tempera 
ture. The increase in stiffness, however, is due 
to the increase in the thickness of the spring, 
rather than to a positive thermal coefficient of 
elasticity. No change in the modulus of elas 
ticity is, in fact, required for compensation, and 
the ideal alloy would have a zero thermal coef 
ficient of elasticity. That this is true will be per 

50 ceived from consideration of a steel hairspring, 
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which is entirely satisfactory except for its large 
negative thermal coefficient of elasticity, which 
counteracts the effect of the increase in thickness 
of the Spring With rise in temperature and pre 
vents the latter change from effectively compen 
Sating for the increase in the inertia of the bal 
aCe 
The best compensating hairsprings known 

prior to the present invention have a modulus of 
elasticity which is fairly constant over a tem 
perature range extending from about 32° to 86 
F. Inside this range the thermal coefficient of 
elasticity is about one-tenth that of steel, but it 
increases quite rapidly outside the range, resulti 
ing inlarge changes in rate. - 
A specific object of the invention may now be 

stated to be the production of an alloy in the 
nickel iron class from which hairsprings may be 
manufactured having a modulus of elasticity 
which is substantially constant over a much larger 
temperature range from -20° to -120° F for 
example. Throughout this temperature, range 
hairSprings made from my improved alloy have a 
thermal coefficient of elasticity which is equal or 
very nearly equal to Zero. 
Additional objects of the invention have to do 

with the production of an alloy of the above char 
acter from which hairsprings may be produced 
which are of superior hardness, stainless, and 
non-magnetic. The invention is also concerned 
with the method of manufacture whereby the 
properties of the alloy are preserved in the fin 
ished hairsprings. 
A further object of the invention may there 

fore be stated to be the production of a hairspring 
for lise in Watches, measuring instruments and 
the like, which has physical and chemical prop 
erties which are necessary and desirable and 
which has in particular a modulus of elasticity 
which is Substantially constant over a tempera 
ture range extending from -20° to -120°F. 

In connection with the foregoing statements as 
to the objects of the invention, the further state 
ment should be made that hairsprings from a 
given alloy, even from the same melt, vary some 
what in their properties and that the optimum 
results are attained only in the case of selected hairsprings. The average temperature range at 
tained, while much greater than any range at 
tained before, is somewhat narrower than the range given, which may be regarded as substan 
tially the maximum range that may be expected. 
My improved hairspring is made from an alloy 

having preferably the following composition: 
Per cent 

Nickel. --------------------------------- 35.0 
Chromium ----- use m-m------a- - - - - - - - - - ----- 9.0 

Manganese ----------------------------- 1.5 
Silicon -------------------------------- 1.0 
Carbon -------------------------------- 0.06 
Tungsten ------------------------------- 0.3 
Calcium ------------------------------- 0.1 
Beryllium ------- ------------------------ 0:5 
Iron-------------------------- The remainder 
The components are weighed accurately to 

make up a lot of the desired size. A small lot 
is to be preferred, as this permits laboratory ac 
curacy in the control of the composition of the 
alloy. the materials should be of the highest 
grade obtainable, substantially free of sulphur 
and phosphorus. The beryllium may be added 
in the form of a nickel beryllium alloy of known 
percentage composition, which reduces the 
amount of pure nickel required. Calcium may 
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4. 
be supplied in the form of a silicon calcium alloy, 
which similarly reduces the amount of pure sili 
con. The calcium acts as a SCaVenger in remov 
ing oxides and nitrides in known manner, and 
the indicated percentage is the residue remain 
ing in the alloy after casting. The amount of 
this residue is not critical and could be less than 
indicated, although enough should be used to 
accomplish the desired result. The carbon Con 
tent of the alloy is quite critical, and hence the 
carbon content of all the ingredients must be ac 
cuirately known and as to the principal ingredi 
ents must be very low, due to the Small percent 
age of carbon in the alloy. The carbon is pref 
erably obtained by using the amount normally 
present in the nickel beryllium alloy, supple 
mented by the addition of chrome carbides. It 
will be understood from this that the chromium 
required is supplied in part in the form of chrome 
carbides of known composition or in the form of 
a ferro-chrome carbide. Some carbon is lost dur 
ing melting of the alloy so enough should be used 
to make up for the loss. I have found that when 
the materials are melted as described hereinafter 
the Specified percentage of .06 is obtained if the 
percentage calculated from the analysis and 
Weight of the materials is approximately .1. 
The various components are melted in a vac 

ulum, employing a high frequency induction fur 
nace of the type such as has been used hereto 
fore in the melting of similar alloys. Melting in 
a vacuum prevents contamination from the air, 
which would tend to produce oxides and nitrides. 
The use of an induction furnace permits rapid 
melting and has the added advantage that the 
materials are rapidly stirred as soon as melted. 
To prevent contamination from the furnace lin 
ing, a special pre-formed Alundum lining is used. 
This lining should be heated in sulphur-free air 
to a temperature of 1800 F. to oxidize the Small 
percentage of Sulphur which is normally present. 
The melting operation requires about three 

minutes, at the end of which a temperature of 
about 2700 F. is reached. This temperature is 
high enough to dissociate the chrome carbides 
and to melt all of the materials except the carbon 
and tungsten, which go into solution. The heat 
ing of the melt is continued a little longer, or un 
til it reaches a temperature of approximately 
2930 F., when it is ready for pouring. 
The mold is preferably chilled and has a long, 

slender cavity adapted to produce an ingot of 
desirable shape for the production of wire. The 
size of the mold cavity may be 4, inch by 14 
inches, for example: The molten alloy is poured 
into the mold very rapidly, and the metal solidi 
fies almost as fast as it is poured. The total 
elapsed time for the complete pouring operation, 
including Solidification of the ingot clear to the 
top should not exceed about one second. A high 
rate of Solidification is very desirable, as it pre 
vents. Segregation of the components due to the 
difference in their melting points and thus in 
Sures an ingot of uniform composition through 
out. However, it is possible for solidification to 
take place too rapidly, resulting in what is known 
as: secondary piping. I have found that very 
satisfactory results are secured if the melt is 
heated to about 2930 F., as previously men 
tioned, which insures that the ingot will solidify 
at the proper rate. 
The mold described above is suitable for a one 

pound lot of material. If the alloy is made up 
in larger lots, a multiple-cavity mold may be 
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After removal from the mold the ingot is put 

through a hot working process, or preferably is 
given - a heat treatment for about 48 hours in 
order to improve the ductility of the alloy and 
adapt it for cold Working such as swaging and 
drawing. 
After the heat treatment the ingot is finished 

off by a grinding operation, or by turning down 
in a lathe, in order to remove the somewhat 
rough exterior surface. It is then reduced to 
a Wire of the correct size by successive Swaging 
and drawing operations in known manner. The 
wire is then rolled into a ribbon of the desired 
shape. 

During the reduction of the ingot to wire the 
material has to be annealed several times, which 
is accomplished by heating to the requisite high 
temperature and then quickly cooling by quench 
ing in Water. It is important that these Oper 
ations be performed carefully and in the Same 
way each time, and it is of particular importance 
that the alloy be always heated to approximately 
the same temperature. I have ascertained that 
excellent results are Secured by heating to a tem 
perature of 2060 F. The necessity for the ex 
ercise of care. in the annealing operations arises 
out of the fact that the different chrome car 
bides formed as the result of heating to differ 
ent temperatures have a considerable effect On 
the properties of the alloy. By annealing the 
alloy as described, uniform and advantageous 
carbide formations are obtained. 

In further explanation of the foregoing, it may 
be stated that the changes in chrome carbide 
formation take place mainly in the temperature 
range extending from about 1340 F. to about 
1700 F. Within this temperature range the car 
bides are continually changing. If the alloy is 
quenched from a temperature within the range 
stated, the results are uncertain and variable, 
but if the alloy is always heated above the Critical 
temperature of 1700° F., and is rapidly cooled 
through the range 1700 F-1340 F., the car 
bides which are precipitated in the cold metal 
are always the same. It is desirable to quench 
the alloy from a still higher temperature, but 
there is an upper limit imposed by the fact that 
if the annealing temperature is somewhat higher 
than 2060 F. the beryllium has a tendency to 
form large, brittle crystals which cause the Wire 
to break during drawing. The upper temper 
ature limit is somewhat different if other hard 
ening agents are used. 

If hairsprings for watches are to be made, 
lengths of the ribbon which are sufficient for the 
desired springs are cut off and are coiled into 
flat spirals to form the springs, which are Set 
and hardened by a heat treatment. The harden 
ing is thus effected by the so-called precipita 
tion hardening process rather than by cold Work 
ing. The finished springs have substantially the 
same hardness, or elastic limit, as steel Springs, 
and in this respect are superior to other springs 
made of nickel iron alloyS. 
In connection with the hardening of the 

springs, it should be mentioned that the heat 
treatment is carried out at a temperature which 
is below the temperature range in which changes 
in the carbides take place, and consequently the 
latter are not affected. A suitable heat treat 
ment which may be cited as an example con 
tinues for five minutes at a temperature of 1250 
F. and is effective to completely precipitate the 
beryllium. 
The manganese and silicon are included in the 
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6 
alloy mainly to improve its characteristics as 
regards ductility and malleability, and function 
in known manner. The amounts to be used are 
not critical and may vary from 2 to 3 per cent 
of manganese and from 2 to 1 percent of silicon. 
The tungsten increases the toughness of the 

alloy in known manner. I have ascertained also 
that the tungsten is of value in maintaining a 
uniform modulus of elasticity in the upper part 
of the temperature range. The amount used may 
range from 2 to 1 per cent. The tungsten may 
be replaced by molybdenum, for example, which 
has a similar effect on the alloy. 
The quantity of beryllium used may range from 

.2 per cent to about 1 per cent. This is the com 
ponent of the alloy which renders it susceptible 
to hardening by the precipitation hardening 
proceSS. Aluminum, zirconium, or titanium may 
be used for the same purpose. The residue of 
calcium which is present in the alloy is also be 
lieved to have some effect in promoting the hard 
ening process, although it is mainly added for a 
different purpose, as previously mentioned. 
The amount of nickel used may vary between 

30% and 40%, and the chromium between 5% 
and 10%. The nickel functions in the same gen 
eral way as heretofore in nickel iron alloys. The 
chromium is the component which is responsible 
for the uniform modulus of elasticity character 
istic of the alloy. Its action is considerably mod 
ified, however, by the chrome carbides which are 
present. 
I attribute the greatly increased range over 

which a substantially uniform modulus of elas 
ticity is secured to the presence of the proper 
amount of tungsten or equivalent metal and to 
the presence of a very small but carefully regul 
lated amount of carbon. All of the carbon which 
is contained in the alloy is believed to be present 
in the form of one or more chrome carbides, the 
exact composition having not as yet been deter 
mined. It is known, however, that chrome car 
bides change during heating and cooling, as here 
tofore explained, and I have ascertained that if 
the annealing of my alloy is not carried out prop 
erly, its desirable characteristics are to a con 
Siderable extent destroyed. It may be concluded 
from these facts, not only that the carbon is 
present in the form of one or more chrome car 
bides, but that the composition of the carbides 
is of importance in attaining the desired results. 
The proper carbide structure is obtained by car 
rying out the annealing operations in the pre 
Scribed manner. 
A watch equipped with a hairspring manufac 

tured from my improved alloy has a nearly con 
stant rate over a temperature range from -20° 
to -120 F. The No. 1 grade of Elinvar hair 
Springs, which are the best prior art hairsprings 
on the market, so far as known, are guaranteed 
to give a rate variation not greater than 42 sec 
ond per degree change in temperature over a 
range from 0 to 34° C., or 32 to 93.2 F. Out 
Side this range they are not guaranteed at all, 
and in fact give rates which change very rapidly 
With changes in temperature. Hairsprings made 
Of my improved alloy have an accurate working 
temperature range, therefore, which is more than 
double the range claimed for the Elinvar springs. 
The range is in fact much Wider than is usually 

considered necessary in the case of hairsprings 
for watches, which are not often subjected to such 
great temperature changes. There are situations, 
however, where the wide range is necessary. In 
the case of hairsprings for mechanical or clock 
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work type fuses, for example, the wide range is 
essential, and applicant's alloy is believed to be 
the only alloy from which springs can be manu 
factured which will meet the requirements. 
The invention having been described, that 

which is believed to be new and for which the 
protection of Letters Patent is desired Will be 
pointed out, in the appended claims. 

I claim: 
1. A stainless spring having a high elastic limit 

and a substantially constant modulus of elasticity 
over a temperature range of more than il.0° F., 
made from an alloy containing about 35 per cent 
nickel, 9 per cent chromium, 1.5 per cent man 
ganese, 1 per cent silicon, .3 per cent tungsten, 
.06 per cent carbon in the form of chrome car 
bide, .5 per cent beryllium, a trace of calcium 
and the remainder iron, said alloy having been 
repeatedly annealed in the fabrication of the 
Spring therefrom, each annealing operation com 
prising heating to a temperature above the ten 
perature range in which changes in chrome car 
bide structure take place, and rapid cooling by 
quenching, and the spring having been hardened 
by precipitation of the beryllium during a heat 
treatment carried out at a temperature below 
the temperature range in which changes in 
chrome carbide structure take place. 

2. A spring having a high elastic limit and a 
Substantially constant modulus of elasticity Over 
a wide temperature range and containing 30 to 
40 per cent nickel, 5 to 10 per cent chromium, 
Small amounts of manganese and Silicon, .2 to 1. 
per cent of tungsten, not more than .06 per Cent 
nor less than .04 per cent of carbon in the form 
of chrome carbides produced by repeated anneal 
ing operations at a temperature above a critical 
temperature of approximately 1700. F., each an 
nealing operation being followed by quenching 
the alloy to cool it rapidly, not more than 2 per 
cent of beryllium precipitated by a heat treat 
ment to harden the spring, the heat treatment 
being carried out at a temperature which is below 
1340 F., and the balance substantially all iron, 

3. A spring having a high elastic limit and a 
substantially constant modulus of elasticity over 
a wide temperature range, and made from a 
nickel-iron-chromium alloy containing also Small 
amounts of manganese, silicon, tungsten, beryl 
lium, and a regulated amount of carbon not 
greater than .06 per cent nor less than .04 per 
cent by weight, the said carbon being in the form 
of carbides which result from rapidly cooling the 
alloy by quenching from a temperature above 
the temperature range in which changes in car 
bide structure take place, and the said spring 
being hardened by precipitation of the beryllium 
during a heat treatment carried out at a tem 
perature below the temperature range in which 
changes in chrome carbide-structure take place. 

4. A soft Wire or ribbon for use in the manu 
facture of springs, said wire being produced with 
the aid of drawing operations from an alloy con 
taining 30 to 40 percent nickel, 5 to 10 per cent 
chromium, .2 to 3 per cent manganese, .2 to 1 
per cent silicon, .2 to i per cent tungsten, .04 to .06 
per cent carbon, .2 to 1 per cent. beryllium, and 
the balance substantially all iron, the said car 
bon, content, being in the form of carbides such 
as result from annealing operations following the 
drawing operations, each annealing operation. 
comprising heating the alloy to a temperature 
above the temperature range in which changes 
in carbide structure take place and rapidly cool 
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8 
ing the alloy by quenching, and the said beryllium 
content being in solid Solution. 

5: The method of securing and maintaining 
advantageous chrome carbide formation in a 
precipitation hardened spring made from an iron 
nickel chromium alloy, said alloy containing 
beryllium as a hardening agent, which consists in 
regulating the amount of carbon in the alloy 
to a value of approximately .06 per cent of the 
whole by weight, repeatedly annealing the alloy 
during manufacture of the Spring by heating and 
quenching, the temperature of heating being 
above: the temperature range in which changes 
in chrome carbide structure take place, and hard 
ening the spring by a heat treatment carried 
out at a temperature which is below said tem 
perature range to precipitate the hardening agent 
without affecting the chrome carbide formation, 

6. The method of utilizing carbon in an iron 
nickel, chromium alloy to increase the tempera 
ture range in which springs made from such alloy 
have a substantially constant modulus of elas 
ticity, said alloy containing a precipitation hard 
ening agent and the manufacture of Said Springs 
including a plurality of drawing operations foll 
lowed by annealing operations, which includes the 
steps of regulating the amount of carbon in the 
alloy to a value between about .04 per cent and 
.06 per cent which results in chrome carbide 
formation having the desired effect on the prop 
erties of the alloy in increasing said temperature 
range, in conducting the annealing operations 
which are performed on the alloy during the 
fabrication of the Springs at a temperature which 
is higher than the temperature range in which 
changes in chrone carbide structure takes place, 
and in rapidly cooling the alloy by quenching 
after each annealing operation, whereby the de 
sired chrome carbide structure is retained. 

7. The method of manufacturing a soft wire 
for use in the manufacture of springs having a 
high elastic limit and a substantially constant 
modulus of elasticity over a wide temperature 
range, Which consists, in preparing an alloy con 
taining 30 to 40 per cent nickel, 5 to 10 per cent 
chromium, 2 to 3 per cent manganese, .2 to 1, 
per cent silicon, .2 to 1 per cent of a metal from 
the group comprising tungsten and molybdenum, 
0.4 to .06 per cent carbon combined with a part 
of said chromium in the form of chrome carbides, 
.2 to 1 per cent beryllium, and the balance sub 
Stantially all iron, in forming rods from said 
alloy, in reducing said rods to wire by successive 
drawing operations, in annealing said alloy a plu 
rality of times during tis reduction from rods to 
Wire, whereby at least the major part of the 
hardness imparted by the drawing operations is 
destroyed, and in producing uniform chrome car 
bide formations in the finished wire by conduct 
ing said annealing operations at a temperature 
above the temperature range in which changes 
in chrome carbide formations take place and by 
rapidly cooling the alloy by quenching after each 
annealing operation. 

8. An alloy, for use in the manufacture of hair 
Springs having a substantially constant modulus 
of elasticity over a temperature range of more 
than 100 F, the lower limit of said range being 
below 0°F, said alloy containing 30 to 40 per cent 
nickel, 5 to 10 per cent chromium, .2 to 3 per 
cent manganese, .2 to 1 per cent silicon, .2 to 1 per 
cent of a metal from the group of metals which 
includes tungsten and molybdenum, .04 to .06 
per cent of carbon, and .2 to 1 per cent of a preci 
pitation hardening agent from the group com 
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prising beryllium, aluminum, zirconium and ti 
tanium, and the balance being substantially all 
iron. 

9. A spring having a substantially constant 
modulus of elasticity Over a temperature range 5 
of more than 100 F., the lower limit of said range 
being below 0. F., made from an alloy containing 
30 to 40 per cent nickel, 5 to 10 per cent chro 
mium, .2 to 3 per cent manganese, .2 to 1 per cent 
silicon, .2 to 1 per cent of a metal from the group 
comprising tungsten and molybdenum, .04 to .06 
per cent of carbon, a precipitation hardening 
agent, and the balance substantially all iron, said 
spring having been repeatedly annealed during 
fabrication from Said alloy and hardened by a 
heat treatment resulting in the precipitation of 
Said hardening agent. 

SAMUEL DINERSTEIN. 
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