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1. 
This application for patent is a companion to 

my application, Serial No. 725,713 of even date 
herewith entitled Spring and Method, and my 
copending applications, Serial Nos. 695,215, 
695,216 and 695,217 all of September 6, 1946 and 
all entitled Stainless Steel and Method now Pat 
ents 2,505,762, 2,505,763 and 2,595,764 of May 2, 
1950, and the present invention relates to resilient 
chronium-nickel stainless steel products, more 
especially to stainless steel springs and the like, 
and to a method for producing the Same. 
Among the objects of my invention is the pro 

vision of a simple, direct and thoroughly relia 
ble method for producing hardened stainless Steel 
springs, such as leaf, coil or wire springs, which 
method is highly practical and effective for 
achieving elastic properties including excellent 
values in tension and compression and high yield 
Strength and high proportional lininit of the 
Springs So produced. 
Other objects of the invention in part Will be 

obvious and in part pointed out hereinafter. 
The invention accordingly consists in the com 

position of materials, features of products, in the 
Several steps, and in the relation of each of the 
same to one or more of the others, as described 
herein, the Scope of the application of which is 
indicated in the following claims. 
AS conducive to a clearer understanding of 

certain features of my invention it may be noted 
at this point that stainless Steels by Way of gen 
eral definition include 10% to 35% chronium, 
with or without nickel, and with or without Sup 
plemental additions of manganese, Silicon, Cobait, 
molybdenum, titanium, Vanadium, columbium, 
bOron, Zirconium, aluminum, Sulphur, and the 
like, for special purposes, and a remainder which 
is Substantially all iron. 

It may also be 'noted that springs and other 
resilient metal productS heretofore made of stain 
less steel, Such as of the better known 18-8 (18% 
Chromium, 8% nickel and the remainder iron) 
Steels, have the highly valuable property of re 
sisting corrosion in any of a great number of 
Specific uses and in the presence of compositions 
or materials which ordinarily attack and cor 
rode plain carbon Steel Springs. 
A number of the heretofore available stainless 

steel springs, however, are not appreciably sus 
ceptible to hardening by heat treatment for de 
veloping the desired Spring properties and thus 
are put into service in the relatively soft state or 
in the cold-work-hardened condition. The un 
hardened Springs, however, quite often have a 
Somewhat too low elastic limit, and an ultimate 
strength which also is too low. In many instances 
too the metal of the Spring is not amenable to 
Cold-Working and gives rise to cracks and SplitS 
which lead to excessive losses in production. And 
further, there are times when Sufficiently high 
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elastic properties are not achieved, where de 
sired, by relying solely upon cold-working treat 
ment for developing the properties. 

(Quench-hardenable springs which reach a Sub 
stantially full hardness in response to annealing 
and quenching for developing desired elastic prop 
erties sometimes have heat Scale and Surface pits 
which for example come from the high anneal 
ing temperatures employed. In the hardened 
condition the metal is relatively difficult to form, 
Sometimes so difficult, that the Springs advisedly 
are fabricated to substantially final shape and 
dimensions before the high temperature harden 
ing heat, treatment. The existence of heat Scar 
and pits in the hardened metal usually is not 
tenable for such reasons as often being responsi 
ble for fatigue failure of the Springs or poor ap 
pearance of the finished productS. These Sur 
face imperfections, however, are more expensive 
and time consuming to remove after the metal 
has been hardened, especially should the prob 
lein of renoval involve the performance of me 
chanical operations such as grinding, machin 
ing, or the like. The problem at times includes 
that of cleaning up the metal with minimum 
disturbance of dimensions which were estab 
lished by fabricating the Springs before the Op 
eration of hardening at high temperatureS. 
An object of my invention accordingly is the 

provision of strong and durable chromium-nickel 
stainless steel springs, hardened at low tempera 
tures, and having highly developed elastic limit 
and high ultimate Strength. 

Referring now more particularly to the prac 
tice of my invention, I produce chromium-nickel 
copper stainless Steel Springs having high elastic 
limit and great ultimate Strength, using a treat 
ment of the metal which includes the combina 
tion cold-working and low temperature copper 
precipitating heat treatment for developing the 
elastic properties. 
The springs which I produce contain, in ap 

proximate percentages, 16.5% to 18.5% chro 
miurn, from 2.85% to 5.60% nickel, 3.0% to 5.0% 
copper, up to 0.16% carbon and up to 0.13% ni 
trogen together not exceeding about 0.21%, and 
the remainder Substantially all iron. Amounts 
of other elements may be present in the Steel 
which do not materially impair the properties of 
the springs, illustratively beryllium from traces 
up to about 0.25% as a precipitation element. 

In the nore general class just given, the Springs 
often contain carbon not exceeding about 0.10%, 
eSS than about 0.05% nitrogen, about 16.5% to 
18.5% chronium, nickel about 4.75% to 5.60%, 
copper in amounts between about 3.0% and ap 
proximately 5.0%, and the remainder substan 
tially all iron. The Springs it will be observed 
are of a relatively low-carbon, low-nitrogen grade. 
Where the Springs are of the relative high 
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carbon and/or high-nitrogen grade, they fre 
quently contain 16.5% to 18.5% chronium, from 
2.85% to 4.85% nickel, copper in announts be 
tween about 3.0% and 5.0%, from 0.14% to 0.21% 
carbon and nitrogen in sum total, with at least 
one of the latter two elements further being 
within the respective ranges of 0.10% to 0.16% 
carbon and 0.05% to 0.13% nitrogen, and the 
remainder Substantially all iron, the percentages 
given being approximate. 

In producing Springs in accordance with ny in 
vention, I usually hot work the metal, as from 
the form of billets to a satisfactory size for cold 
Working and subject the metal, for exampie as 
rod, Wire, plate, sheet or strip to an annealing 
treatment before actually effecting the cold-work 
ing operations which serve to assist in develop 
ing the spring properties. Where desired, as for 
minimum reheating of the metal, I carry out the 
Steps of hot Working directly as a part of the an 
nealing treatment. The annealing itself advan 
tageously includes heating the stainless steel 
Within a temperature range of about 1700° F to 
2100 F., the optimum range being around 1800° 
F., and perhaps inclusive of a temperature so 
high as 2000' F. or illore especially where the larg 
er quantities of carbon are present in the steel. 
As a matter of convenience, I achieve the an 
nealing in a suitable heat treating furnace, this 
by blinging the Steel to annealing temperature 
and Scaking the heated metal at temperature for 
a short period of time. This treatment serves to 
put the aetal in an austenitic copper-soluble 
condition, with carbon also in solution, which is 
retainable down to at least about ordinary room 
temperature. I prefer to employ a soaking pe 
riod of about one-half hour as applied to the 
annealing treatment. The length of the treat 
ment time, however, is not too critical. 

Following the annealing heat, I quench the 
steel as in air, oil or water and to about room 
temperature and thus provide soft, annealed al 
loy metal which retains a substantially aus 
tenitic structure. As quenched, the metal is rea 
sonably ductile, and has hardness values which 
usually are So low as to below about Rockweil 
B-100. At this point I often resort to pickling 
or mechanical treatment such as grinding to re 
move any heat Scar from the annealed neta Sur 
face. 

In providing my stainless steel springs, I sub 
ject the metal to cold-working treatment, for ex 
ample to at least one of the operations, rolling, 
drawing, or Straightening, and preferably by be 
ginning these Operations from the soft condi 
tion achieved by the annealing. In employing 
cold-rolling in providing the necessary cold work, 
this treatment sometimes serves the additional 
function of reducing the metal to gauge which 
approaches or Substantially corresponds to that 
of a desired finished spring product such as a 
flat Spring. A standard rolling mill frequently is 
Satisfactory for accomplishing the cold rolling 
Work, as by the use of Several passes. Likewise, 
When relying in part at least upon cold drawing 
for the cold Work required, it often is convenient 
to draw the metal as from rod or wire to sub 
Stantially finished gauge of a wire or coil spring. 
Where desired, of course, I use the cold-working 
treatiment for producing cold worked wire, rods, 
Sheet, Strip and the like which are readily use 
full at Some later time for making up the stain 
less steel springs. 
The cold-Working treatment to which I sub 

ject the stainless steel is sufficiently intense to 
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give anywhere from a mild to a heavy reduc 
tion. In general, the cold reduction amounts to 
about 5% to 80% or possibly 90% measured in 
terms of cross-sectional area of such shapes as 
wire. This same range usually is satisfactory as 
applied to percent reduction in area, in reducing 
Sheet or strip. A more extensive reduction with 
out first repeating the anneal, frequently results 
in sharp loss of ductility and also internal fissure 
or 'cupping' of the metal and Consequent frac 
ture. The diameter or thickness of the metal 
shape at the outset of cold working has some in 
fluence upon the maximum permissible amount 
of cold work. For Wire having a diameter greater 
than that of approximately 4 inch, or sheet or 
Strip exceeding about A inch in thickness, I pre 
fer some 20% (even better about 35%) to 60% re 
duction by Cold Working, this extending up to 
about 80% for Smaller gauges. The small gauge 
shapes usually develop even somewhat better 
elastic properties similar to those of plain carbon 
Steel music wire. The straightening and/or bend 
ing operation which at times I employ for effect 
ing the cold Work, may replace or contribute to 
other forms of cold working, where desired, and 
may be slight or extensive. 

Before subjecting the steel to my precipitation 
heat treatment, I usually fabricate the metal into 
Springs Ol' Spring elements as a part of the cold 
Working treatment. In any event, during, or 
preferably following the cold-working treatment, 
the Steel is given the precipitation heat treat 
ment for further enhancing the elastic proper 
ties. 
In effecting the precipitation heat treatment, 

I heat the cold-worked chronium-nickel-copper 
stainless steel, within a temperature range of 
about 800° F. to approximately 950 F., prefer 
ably to about 900 F., and hold the same at tem 
perature for about one-half hour. The holding 
time, however, may vary from approximately 
fifteen minutes to two hours or more, usually 
without under treatment or over treatment. The 
treatment causes precipitation of a critically dis 
persed copper-rich phase which increases the 
elastic properties and hardness of the metal and 
products. The copper-rich precipitate usually 
is not visible under an ordinary light microscope. 
Upon the precipitation of copper, I find ad 

Waintage in quenching the stainless steel springs 
of the like (illustratively wire, sheet or strip for 
making the Springs), this for example being in 
aii', oil or Water to about room temperature. 
In the quenched condition my stainless steel 
productS display high ultimate strength, high 
yield strength, a high torsion modulus, and 
usually better direction properties as compared 
With cold worked austenitic 17% chronium-7% 
nickel stainless steel springs. My steel products 
are quite resistant to Salt spray and to corrosion. 
in ordinary atmosphere, both before and after 
the precipitation treatment. The metal emerges 
froin the cold-Working and precipitation heat 
treatment Substantially free of heat scale and 

5 unWarped by heat at the low temperatures en 
ployed. I sometimes fabricate the precipitation 
heat treated Wire, sheet or strip into springs or 
for exa:iiple Iitake this fabricated metal avail 
able for custoner use. w 
By inspection of iables I and II, an appre 

ciation will be had of certain physical properties 
achieved in a chromium-nickel-copper stainless 
Steel Wile by the combined action of annealing, 
cold drawing, and precipitation heat treatment 
in accordance With my process. The infor 
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mation appearing in the tables is based upon a 
Steel which contains, in approximate percentages, 
0.066% carbon, 17.29% chromium, 5.09% nickel, 
3.99% copper, 0.73% manganese, 0.010% phos 
phorus, 0.009% sulphur, 0.47% silicon, and the 

6 
are to be exposed to flexing, pulling, twisting or 
the like. 
When desired, for producing the springs or 

productS Such as sheet, strip and wire, I subject 
the Steel to annealing at solution temperature and 

remainder Substantially all iron. The mechan- quenching to the Soft annealed austenitic con 
ical properties corresponding to condition R are dition as hereinbefore described, and thereafter 
representative of the soft, annealed netal wire, reheat the metal, this reheat being to within the 
While those COi'responding to condition A are approximate range of 1250 F. to 1600° F., and 
representative of the precipitation heat treated g preferably to about 1400° F. I hold the steel at 
Wire after different annouilts of cold reduction. temperature for Say a period of time ranging 
ihe condition R, more particularly was derived from five minutes to six hours or more. A three 
by holding the Steel wire at an annealing tem- quarter hour period or thereabouts usually is 
perature of about 1800° F. for A hour followed quite practical and thoroughly satisfactory, and 
by quenching in Water. The condition. A was 5 therefore is preferred as the optimum holding 
obtained by the Same character of annealing as time. Then, by quenching the steel as in air, oil 
for condition R, but by following with cold draw- or Water, I achieve transformation and a prelim 
ing to the extent indicated, and then precipita- inary hardening of the metal, this before in 
tion heat treating at about 900 F. for 4 hour troducing the cold reducing operations for de 
and cooling in air. 20 veloping the elastic properties. The transforma 

Table I 
ROck 

Condition site PSint IgEngld. FRP. Pigg. Bef E. 
(inches) Drawn p.s. i. p.s. i. p.s. i. Per Cent Per Cent E. 

250 0.0 115,000 36,000 | 19,000 40.0. 65.0 B-82 
235 12.0 115,000 100,000 67,000 30.0 68.5 C-28 
.224 20.0 149,000 134,000 76,000 14.0 67.0 C-37 
209 30, 0 183,000 164,000 90,000 (1) 62.0 C-40 
193 40.0 217,000 200,000 148,000 6.5 59.0 C-43 
169 54.0 245,000 234,000 150,000 6.0 59.0 C-44 
158 60.0 258,000 250,000 172,000 4.5 56.0 C-48 

1 Specimens broke too near jaws to measure per cent elongation. 
From the data in Table II below, it will be ob- 35 tion produces a copper-nickel martensitic struc 

served that slightly increased mechanical prop- ture and partial precipitation of a copper-rich 
erties are had by treatment of Somewhat Smaller phase. 
diameter wire from annealed condition, this aS In particular, the cold reduction to which I 
compared with the larger gauges noted in Subject the transformed steel, usually ranges 
Table I. 40 from a slight amount up to about 60% reduction 

Table II 

site PSgt Ugang Yid. Ep. Pigg. Reif El 
(inches) Dyn p.s. i. p.s. i. ps, i. Per Cent Per Cent Earl 

. 156 0.0 120,000 65,000 34,000 40.0 68.0 B-80 
150 10.0 128,000 | 97,000 65,000 35.0 69.0 C-34 

. 14 20.0 165,000 145,000 80,000 14.0 62.0 C-40 

.132 30.0 215,000 185,000 75,000 4.0 56.0 C-43.5 
22 40.0 227,000 197,000 93,000 3.5 53.0 C-43 

. 50.5 260,000 258,000 191,000 3.0 49.0 C-46 
100 60.0 260,000 258,000 195,000 4.0 50, 0 C-47 

The stainless steel springs which I achieve in CrOSS-Sectional area. After the cold reduc 
through the practice of my process, whether they tion, I Subject the steel to the precipitation heat 
be in the form of wire or fiat springs as of con- 55 treatment as hereinbefore described, this advan 
pression, extension, torsion, elliptical or canti- tageously being at a temperature of about 800° F. 
lever type, display high torsion modulus, high to 950 F. and preferably around 900°F. The re 
elastic limit, and great ultimate Strength, When- sulting products have many highly desirable 
ever occasions arise for use of any or all of the elastic properties, though perhaps somewhat at 
properties. Among the specific types of springs 60 the sacrifice of the tensile strength achieved 
which I provide are for example those for pre- Where the preliminary hardening heat treatment 
cision instruments such as bombsightS, Speed is not included. 
indicators, weighing scales and navigation in- Thus it Will be seen that in this invention there 
struments, in which high elastic properties are is provided a method of producing chromium 
required for exact and proper readings; and gun 65 nickel-copper stainless steel Springs, and prod 
springs, lock springs, governor Springs, and the uctS Such as Wire, sheet, Strip, and the like for 
like, which are to function while exposed to use in fabricating Springs, in which the various 
corrosive atmospheres. In a further illustra- objects hereinbefore noted together with many 
tive category, I provide stainless steel coil springs thoroughly practical advantages are successfully 
or spring-motors, these for operating while under 70 achieved. It will be seen that the method is 
high stress. A still further illustrative group amenable to rapid and efficient production and 
of my springs and products includes Wire, rod is Well Suited for the achievement of high elastic 
or flat shapes as in the form of Windshield Wiper properties by OW temperature treatment of the 
shafts, radio aerials, fishing rods and tackle, cold worked metal. It will also be appreciated 
and knives illustratively with long blades, which 75 that the resulting products are strong, tough, and 
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durable even in the sense of being resistant to 
(COrrosion. 
As many possible embodiments may be made of 

my invention and as many changes may be made 
in the embodiments hereinbefore set forth, it is 
to be understood that all matter described hereil 
is to be interpreted as illustrative and not as a 
limitation. 
I claim: 
1. Cold-Worked and precipitation-hardened 

stainless steel wire, sheet and strip Springs having 
a proportional limit of about 65,000 to 195,000 
p. S. i. or more and containing in approximate 
percentages, 16.5% to 18.5% chromium, from 
2.85% to 5.60% nickel, 3.0% to 5.0% copper, car 
bon up to 0.16% and nitrogen up to 0.13% to 
gether not exceeding 0.21%, and the remainder 
substantially all iron having been subjected to 
annealing at 1700° F. to 2100 F., cold-working 
5% to 90%, and precipitation treatment at 80t)°F. 
to 950 F. 

2. Cold-worked and precipitation-hardened 
steel springs having a proportional limit of about 
65,000 to 195,000 p.s. i. or more and containing in 
approximate percentages, 16.5% to 18.5% chro 
mium, from 2.85% to 5.60% nickel, 3.0% to 5.0% 
copper, carbon up to 0.16% and nitrogen up to 
0.13% together not exceeding 0.21%, and the re 
mainder substantially all iron, the steel having 
been subjected to annealing at 1700 F. to 

0. 
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2100°. F., slight to excessive cold working, and to 
precipitation heat treatment at 800°F. to .950°F. 
3. Cold-worked and precipitation-hardened 

stainless steel springs and the like having a pro 
portional limit of about 65,000 to 195,000 p.s. i. 
or more and containing, in approximate per 
centages, 16.5% to 18.5% chromium, from 2.85% 
to 5.60% nickel, 3.0% to 5.0% copper, up to 0.16% 
carbon and up to 0.13 nitrogen, the carbon and 
nitrogen together not exceeding 0.21%, and the 
remainder substantially all iron, Said. Steel having 
been subjected to annealing at about 1700 F. to 
2100 F. and quenching, to preliminary harden 
ing heat treatment and quenching, slight to ex 
tensive cold reducing not exceeding about 60% 
in cross-sectional area, and precipitation heat 
treating at about 800 F. to 950 F. for long 
enough time to increase the elastic properties. 

GEORGEN. GOLLER. 
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