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This Invention, pertains to a ferrcus-niekel al-
loy., While predominantly ferrous-nplekel, this
alloy also has manganese, chromium, tungsten,
carbon, rnd silicon as essentiel mpredients.

8 A novel and useful alloy of these elements is
dezcribed in the following parts of the specifi-
cation.

The present alloy has been developed sfter a
cpreful study and extepsive tests, the object of

13 which was to produce & watch hairspring having
certain destred characteristics,

Compensating hairsprings are used with bal-
ance wheels having coniinuovs mono-metallic
rims, in Henm of the more delleate and expensive

15 balances of the divided bl-metallie rim type. Tt
is the function of a compensating spring to in-
crease in strength with iocrease of temperature
in such proportlons as to compensate for o sli-

mulianeous increase in the moment of inertia of .

gy the balanee wheel; and te decreass similarly in
strength with decreases in temperature.

An ideal spring of this nature must have a uni-
form snd non-aoomalous thermel expansion.

~ Its thermo-elastic coefficlent should be a5 low as

o possible, and fixed and definite over a temper-
atore range from minus 4 degrees F. to 956 de-
grees .

Such a compensating spring should be non-
magnetle and noh-corrogive,

i Tt must have suitable mechanieal properties,
which include hardnéss with high tensile and
torgional strengih, 5o that a small size iz sufi-
cient, a high elastic limit, capability of annesl-
ing to a soft and workahle condition, with fixing

‘3 of properties and shape 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

0 with respect to strength, creep, or bardness,

There should be a considerabls 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 thers should be & corresponding tol-
erghce, and these heat treatments should be sim-
ple and caslly supervised.

Springs made from the slloy of the present

0 invention meet all of the preseribed conditions

- in & high degree. Therofore, it will be apparent
that eorrespruding demands for an alloy for other
purposes oave been satisfied,

The general composition of the alley of this

; Invention expressed as percentages by welght is:

(€L 756—128)

Percenf
Miekel oo em. 320 £ TS
ManEanese e e e e W00 0 GO0
ChromI e e 400 to 800
TUNES AT e o i i 18640 220 g
Carbon_ e e W0 B0 DTS
Silteon oo A0 OTH

Tron amd nsual impurities (balance) 468 to5lL3

The predominant characteristics of the alloy g
of this invention are taken fr the substantially
fixed ratin of the {ron and nickel combination to
the remaining elements. As shown in the state-
ment ol general composition, iren and niekel con-
stitute not less than 80 or 85 per cent of the com- 55

. poaition. By balancing of the other ingredients

within the limits noted, the desired minor, but
necesgarily integrated, characteristics will be oh-
tained. )

The utilization of relatively high guantities of
menganess 18 a feature of the Invention. Hith-
erth manganese has been employed normally as o
deoxidizer, in which event it substantially disap-
pears from the final nlloy as worked,

In general, manganese, tongsten, and carbon
can be profitably added in order to raise the elas-
te lmit of the present ferrous-nickel alloy.

Chrominm and tungsten in the amounts speci-
fled incresse the stability of this alloy. The for-
mer also improves the corrosion-resisting proper- o,

fes and copiributes to the hardness. Tumngsten
Imparts alzo g desired toughness.

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

Sllicon, within the percentages pamed is not
harmiful; it performs the very useful function of
rendering the alloy forgeable.

The fellowing is a preferred composition:

=]
(2]

Percent 40
Mlekel. e MEB 0355
Manganese . _-. - ____.... b©bAfto 600
Chromium.. e e M §0 5,26
TunEsten. o e e s e 1.86to Z.20
CAIBON . e 060 to 0.75 45
L= 71 TS AR - &\ 1 1 S | B 1

Iren and usual impurities (balance) 495 (o502

As Is eustomary, the ingredients of thiz ailoy
are melfed together in any suitable furnace and 50
then cast into an ingot of the requived size. After
appropriate anpealing the ingol 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 &5
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alloys included in the foregoing formula com-
prised the followlng steps:

A, Heating the hot rolled sectlons, which may
be one-guarter Inch rods (3%'"), In the range
from 1700 {0 1800 degrees P for substantially two
hours.

B. Then cooling slowly.

O, Next cold drawing the rods to one-hun-
dredth-Ingh (0.01°") wire with a5 many snnealing
treatments during the drawing reduction as may
be required. '

D. Finally annealing the wire for two minutes
Io the range from 1800 to 1500 degrees P, pref-
erably in a noh-oxidizting atmosphere, and again
cooling slowly.

After this last anneal the wire is rendy to be
drawn down to & halrspring size, Sinee a large
share of the spring properiies depend on the affect
of cold work on the alloy, no further heat treat-
ment is applied thereto, except the moderate one
employed in seiting the completed hairsprings.

After the reclted heat and mechanical treat-
ments. certain properties have been observed in
specimens of articles so {reated:

The thermo-elastic corfficient was substantiglly
stable over a normal range of atmospheric tem-
peratures, from —17 to 465 degrees C. (0 to 150
degrees P}, For different alloys within the com-
position ranges set forth, the thermo-slastic co-
efficients were found to lie In the renge from
+ 1% 10% fo —13 10-* per degrees centigrade.

The alloy of this inventlon is weakly magnetic
when placed in & magnelle fleld. However, It
loses its magnetism immediately uwpon removal
from the influence of such a fAeld.

With further reference to the low thermo-
elastic coeficient of this alloy, it is noted that
this eharacteristie s due to lts peeulinr magnetic
properties, Evidences of pecullarity are found
in the following test réesulls,

At o temperature of about 200 degrees F., this
alloy loses iks magnetism entirely. -In steel a like
result is not obtalnable appreclably below 1415
degrees F,

Whereas, this alloy below 290 degrees F. will
lose its magnetism when removed from the mag-
netiging field, the steel ordinarily used for halr-
springs will retain enough megnetism under ke
treatment sericusly to impair its function as &
halrspring.

A very high resistance to corrosion by lndus-
trial atmospheres has boen shown by the alloy
of this nventlon, Immersion of the alloy In a
fifteery por cent (I5%) solubtlon of either hydroe-
chloric or sulphuric acid has practically no effect,

The tensile strength of this alloy in the eold
worked conditlon ranges from 175000 to 195,000
pounds per square inch, depending on the amount
of cold working it has received. Its vield point is
very close fo its {ensile sirength.

Because of the difffteulty In obtaining reliable
data on the tensile strength of the alloy In hair-
spring size, the figures of the preceding paragraph
were obtained on wires ninety-one one thou-
sandths of an inch (Q091°°) In dlameter. How-
ever, It can be stated with certainty that the
strength in halrspring size will not be lower than
the range Indlcated above.

Other tests show that this alloy is not sensitive
to “elastic after effects”. The "elastic after ef-
fect” manifests itself in the following manner,
When a siress cobslderably below the yleld point
Is Imposed upon & test specimen of material, [t
will elongate & normal amount, If the load pro-
ducing this stress ls maintained for & long pe-
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riod, e, g, several days, & slight additionsl elon-
gation will be ohserved. Moreover, when the
load is finally removed, the material will not
return to its original dimensions immediately, bot
will require an appreciable time varying from
a few hours to several months. This effect is
mupch smaller for the alloy than it s for heat
treated steel of the analysis ordinarily wused for
halrsprings.

I clalm:

1. As an article of manufacture, & temperature
compensating spring consisting of nickel substan-
tially 34.8 to 355 percent, chromium 5.00 to 525
percent, manganese 5.45 (o .00 percent, tungsten
1.85 to 2.20 percent, earbom 0.60 to 0,756 pereent,
gllleon 0.45 to 0.75 percent, and the balance iron,
the proportion of iron and nickel combined heing
not less than 85 percent, and the proportion of
iron, mickel, chromium and mangoaese being not
less than 85 percent, said spring having suhstan-
ial stable elastic propertles over s femperatire
range from O to 150 degrees .

2, An alloy conslsting of nickel substantially
4b percent, chromium substantially 5 percent,
manganese substantially 5.5 percent, tungsten
substantially 2 percent, silicon substantially 0.5
percent, carbon from 0.6 to 0.5 percent, and
the balance iron with usual impurities, said alloy
having substantiaily stable elastic properties over
& temperature range from 0 to 150 deprees 7,
high tensile strength, very week magnetic prop-
ertles, and a high resistance to corrosion,

3. A halrspring mede of an alloy comprizsed of
32 to 37.5 paris of nickel, 4 to 8 parts of chro-
mium, 5 to & parts of manganese, 1.95 fo 2.20
parts of tungsten, less than 0,75 parts of carbon
and having 0.10 to 0.75 parts of silieon, and the
remainder belng frem with usual impurities: zsid
hairspring being characierized by having the
properties produced by beat treatment of such
an alloy by maintaining the same at a tempern-
ture of substantislly 1708 to 1800 degrees F. for
substantially two hours, {ollowed by o slow cool-
ing and & further treaitment at o temperature
of substentially 1800 to 1800 degrees P, for sub-
stantially two minutes, and then followed by n
further slow cooling, whereby the hairspring has
the property of réemaining substantially stable
in respect of itz elasticlty over the normal range
of operating temperatures,

4. A spring mede of an allow comprised of 32
to 37.5 parts of nickel, 4 to & parts of ehromium,
& to 6 parts of manganese, 1.95 to 2.20 parts of
tithgsten, less than 0.75 parts of carbon, 0,10 to
0.75% parts of sllicon, and the remainder belng
iron with the wsual impurities; sald spring being
characterized by having the properiies produced
by treatment of such an alloy by maintaining the
same Rt o temperature of substantially 1700 to
1800 degrees F. for substantially two hovrs, fol-
lowed by slow cooling and a much shorter heating
to approXimately the same temperature with a
subsequent slow cooling, and a cold working to its
final slze, whereby the spring has the property
of remaining substantially stable In respect of its
elasticlty over the normal range of atmoespheric
temperatures from 0 to 150 degrees P,

5. A spring made of an alloy ecomprized of
nickel substantieily 3% percent, chromiiim sub-
stantially 5 percent, manganese substantially 5.5
percent, tungsten substantially 2 percent, silicon
substantially 0.5 percent, carbon In an amount
not exceeding 0.75 percent, and the balance lron;
sald spring being characterized by having the
properties produced by trestment which includes
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