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This invention, pertains to & ferrous-nickel al- Pereent
loy. While predominently ferrous-nickel, this Niekel oo 320 t0375
alloy also has manganese, chromium, tungsten, Manganese ... .. ____._._. b00to 6.00
carbon, and silicon- as essential ingredients. Chromium_ ______ . 4.00ta 8.00

5 A movel and useful alloy of these elements is Tungsten_.__ . ___ 1965t0 2.20 5
deseribed in the following paris of the speecifi- Carbon.___ . - 0680to 0.75
cation. Silicon ______ e D10 %0 0.75

The present alloy has been developed after a Iron and usual impurities (balance) 466 to51.3
careful study and extensive tests, the object of

16 which was to produce a watch hairspring having The predominant characteristics of the alloy 4,
certain desired characteristics. of this 11::‘-'811?!01? aire takes frio Irhe Sué:l_statlr:‘ltlaléy

Compensating hairsprings are used with bal- 1%ed ratio of the iron and nickel combination to
ance wheels having continuous mono-metallic e remaining elements. As shown in the siate-

- yims, in len of the more delicate and expensive Ment of general composition, iron and nickel con-

15 balances of the divided bi-metallic rim type. It  Stitute notless than 80 or 85 per cent of the com- ;5
is the function of a compensating spring o in- - Position. By balancing of the other ingredients
crease in strength with increase of temperature Within the limits noted, the desired minor, but
in such proportions as to compensate for a si- necessarily integrated, characteristics will be ob-
multaneous increase in the moment of inertia of . tained. - Hes of

g0 the balance wheel; and to decrease similarly in The utllization of relatively high quantities of ,,

strength with decreases in temperature.
An ideal spring of this nature must have & uni-
form snd non-anomalous thermal expansion.
- Its thermo-elastic coefficlent should be as low as
}5 possible, and fixed and definite over a femper-
ature range from minus 4 degrees F. to 95 de-
grees ¥.
Such a compensating spring should be non-
magnetic and non-corrosive. )
0 It must have suitable mechanical properties,
which include hardness with high tensile and
torsionael strength, so that a small size s suffi-
cient, a high elastic limit, capability of anneal-
ing to a soit and workable condition, with fixing
of properties and sha.pe by simple subsequent
treatment.

‘The properties of the completed spring should
not change with time, whether the spring Is in
stock or in use. There should be no aging factor
with respect to strength, creep, or hardness.
. There should be a considerable tolerance of

proportions employed, so that the desired proper-
ties can be reproduced easily without minute con-
trol of proportioning and mixing. In the heat
treatments there should be & correspondihg tol-
erance, and these heat treatments should be sim-
ple and easily supervised. :

Springs made from the alloy of the present
invention meet all of the prescribed conditions
- in a high degree. Therefore, it will be apparent

that corresproding demands for an alloy for other

- purposes oave been satisfied.
The general composition of the alloy of this
3 invention expressed as percentages by welght is:

&

[~

11

manganese is a feature of the invention. Hith-

‘erto manganese has been employed normally as a

deoxidizer, in which event it substantially disap-
pears from the final alloy as worked.

In general, mangenese, tungsten, and-carbon
can be profitably added in order to raise the elas-
tic limit of the present ferrous-nickel alloy.

Chromium and tungsten in the amounts speci-
fled increase the stability of this alloy. The for-
mer alsc improves the corrosion-resisting proper- g,
ties and contributes to the hardness. Tungsien
imparts also a desired toughness.

In the amounts defined, carbon serves to in-
crease the yield point markedly and augments -
the hardness produced by the other elements. .

Silicon, within the percentages named is not
harmful; it performs the very useful function of
rendering the alloy forgeable. '

The following is a preferred composition:

ra
e

Percent 40
Nickel. oo 348 10355
Manganese _ o 545 to 6.00
Chromium_____ o ______ 500tc 525
Tungsten 1.95t0 2.20
Carbon______ ol ____ 0.60to0 0.75 45
Silieon oo 0.45t0 0.75
Iron and ususl impurities (balance) 49.5 to50.2
As is customary, the ingredients of this alloy
are melted together in any suitable furnace and sp

then east into an ingot of the required size. After

appropriate annealing the ingot may be reduced

to rods of small diameter by swaging and drawing.
The heat 'and mechanical treatments which

have been found to give the best results for the 55









