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1. 
My invention relates generally to austenitic 

Cold-Workable stainless Steels, and more particu 
larly concerns the production of cold-headed non 
magnetic products fashioned of such steels. 
An object of my invention is to provide a stain 

less Steel and various cold-headed or cold-upset 
products formed of Such steel which, while dis 
playing all the advantageous properties charac 
teristic of the steels including pleasing lustrous 
surface free from blennishes and high resistance O 
to corrosion, at the same time respond nicely to . 
cold-working with a minimum of work-hardening 
and in the Substantial absence of excessive wear 
Or breakage of forming dies, which can be worked 
to intricate surface detail, and which maintain 
their original Substantially non-magnetic quali 
ties. 
Another object is to provide cold-headed or 

cold-upset products from stainless rod and wire 
Such as Snap-fasteners, bolts, rolled-screws, 
Scrap-leSS nuts and the like, all with minimum 
number of Operational Steps, through cold-Work 
ing manipulation in the absence of intermediate 
anneal. 

Still another object is to provide a method of 
Cold-Working stainless steel products of the gen 
eral character described, in the substantial ab 
Sence of intermediate annealing and with but 
minimum Wear On the simple forming equipment 
required. 
Other objects in part will be obvious and in part 

more fully pointed out during the course of the 
following description. 

Accordingly, my invention may be seen to reside 
in the combination of elements, and composition 
of ingredients, and in the various products of 
manufacture embodying the same, as Well as in 
the several forming and manipulative steps, and 
the relation of each of the same to one or more 
of the others, the Scope of the application of all 
of which is more fully set forth in the claims at 
the end of this specification. 
The single view of the accompanying drawing 

discloses in perspective an illustrative embodi 
ment of my invention, a Phillips screw produced 
in accordance with my practice, 
AS conducive to a more thorough understand 

ing of my invention, it may be noted at this point 
that the austenitic chronium-nickel stainless 
steels are admirably Suited for the production of 
a wide variety of headed or upset products, of 
which snap-fasteners, bolts, roll-threaded screws 
(of which the well-known Philips Screws are ill 
lustrative) scrapless nuts (those nuts formed by 
punching and expanding a hole in wire stock and 
thereupon tapping the Same) are typical. Many 
are made from the Well-known 18-8 chronium 
nickel stainless Steel. These various products are 
resistant to weather conditions, with display of 
little if any tendency towards corrosion, possess 
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2 
a nice Surface appearance, both pleasing in effect 
and permitting working to close dimensional tol 
eaceS. 

Unfortunately, however, with these stainless 
steel alloys it is impractical to resort to severe 
Cold forming practices Such as cold-upsetting and 
cold-heading. The extreme rapidity with which 
the conventional austenitic chromium-nickel al 
loys harden when subjected to such cold-working 
Severely restricts their use. Any resort to inter 
mediate annealing heat-treatment greatly pro 
longs the manufacturing Operation and materially 
increases production. CoSts. . . . . . 

In large neaSure, it is this rapid Work-hard 
ening of the austentic chronium-nickel stainless 
steels that causes rapid increase in the power re 
quirements necessary to bring about cold-de 
formation of the metal stock, i. e., working to de 
Sired products. The high loads thus interposed 
on the forming dies, increasing in Substantial and 
non-linear gradient during the forming opera 
tion, causes rapid Wear of these dies, attended by 
frequent breakage With consequent shut-down for 
repair or replacement. Illustratively, signal fail. 
lure is encountered in the Successful production of 
the receSShead screws, known as Philips Screws. 
This general problem has been the subject of 

Study for SOme time and a partial, but by no means 
entirely satisfactory, solution of the problem has 
been had by increasing the nickel or the manga 
nese contents of these chromium-nickel alloys, 
all, of course, within certain limits, it having 
been recognized that the addition of the further 
amounts these elementS decreased the rate of 
cold-work hardening. Thus, conventionally, an 
increase of the nickel content of the usual 18% 
chromium, 8% nickel by about 3%, giving an 
18-1 chromium-nickel Steel, results in a product 
displaying diminished work-hardening tendencies 
and thus improved cold-working properties. At 
the same time, however, the 18-11 chromium 
nickel alloy does not display Such cold-working 
properties as obviate the necessity for intermedi 
ate anneal; nor does it adequately decrease wear 
On the cold-forming dies. 
An object of my invention, therefore, is to re 

move in Substantial measure the several disad 
Wantages heretofore confronting the art in the 
manufacture of cold-headed austenitic chromi 
un-nickel stainless steel products, especially 
those of intricate head formation, all without 
necessity of intermediate anneal and while fully 
retaining the advantageous qualities of these 
steels, including illustratively, their nice surface 
appearance, their resistance to corrosion, their 
non-magnetic qualities and their capability of 
being Worked to close dimensional tolerances. 

Referring now to the practice of my invention, 
I find that by the addition of copper to the alloy, 
the rate of Work-hardening is lowered much more 
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drastically, rapidly and effectively than is true of 
nickel or manganese. Cold-headed articles 
formed tof such steels are rapidly produced, in 
the Substantial absence of intermediate anneal, 
and with markedly diminished die-wear. 

I have not determined exactly by what 
phenomenon the addition of copper to the alloy 
brings about the beneficial results observed. For 
these results are at variance with what might be 
anticipated. Illustratively, the addition of copper 
to nickel hardens the metal and increases the 
rate of work-hardening. Perhaps the beneficial 
results achieved in the present instance are due 
to Some stabilization lent the austenite. Or per 
haps to Some change in Structure. 

Irrespective of theory, however, I have found, 
by illustration, that increase in the copper con 
tent to appreciable extent is attended by narked 
increase in the degree of cold-working to which 
the metal can be subjected within practical work 
ing limitations without encountering objection 
able Work-hardening and without encountering 
a change from the non-magnetic Condition to the 
magnetic condition. Another important factor 
is that while ordinarily the addition of copper 
to stainless steel is undesirable because of the 
red-shortening effect thereby produced, this does 
not appear to be particularly objectionable when 
employed in the amounts of my new steel and 
When correlated with particular amounts of 
chronium and nickel. 

I have found that the broad range of the 
composition nicely suited for the formation of 
Such cold-headed products is carbon up to 
0.15%, manganese up to 15%, chronium 10% to 
25%, nickel 7% to 20%, copper 1.0% to 6.0%, 
and remainder iron. 
The manner in which additions of copper 

markedly reduce the work required to deform 
samples thereof is strikingly evident from con 
sideration of the following table: 

4. 
ing in Heat 1. The cold-hardening work factor 
of Heat 2 has been lowered to a value only 58% 
of that of Samples from Heat 1. 
While HeatS 1 and 2 are Concerned with 18-6 

chronium-nickel alloys, Heats 3 and 4 relate to 
18-8 chronium-nickel alloys. As might be ex 
pected with increased nickel, the work factors 
of Heats 3 and 4 are lower, respectively, than 
those of Heats i and 2, respectively. Notably, 

10 however, the 3% copper present in Heat 4 results 
in 41% decrease in the cold-hardening factor. 
As evident from Heats 5, 6, and 7, an increase 

of nickel to 18-10 chronium-nickel results in 
Still further reduction of this work factor; while 

15 as to this alloy an addition of copper further 
reduces the Work factor and an increase in the 
Copper content results in a still further decrease 
of the Work factor. 
Of particular interest, it will be seen from a 

20 Comparison of HeatS 1, 5 and 6, for example, that 
while an increase of the nickel content from 6% 
to 10%, an increase of 4%, gives a lowering of 
the Work factor from 152 down to 109, the addi 
tion of Only 3% copper lowers the work factor 

25 from 152 down to 81. My Steel, therefore, is seen 
' to Work-harden to a lesser extent. In addition, 

it is Substantially cheaper than a steel in which 
decreased Work-hardening is had at the expense 
of increased quantities of the costly and critical 

30 material nickel. 
It is well recognized that the work-hardening 

of metals, including stainless steels, results in an 
increased tensile strength. Following severe 
cold-working, then, the ultimate tensile strength 

35 of the metal is ordinarily appreciably greater 
than before Such cold-working was resorted to. 
Where the increase in the ultimate tensile 
strength is great, the cold-work is considered 
Severe, where it is not particularly great the ex 

40 tent of the cold-work is not so severe. Advan 
tage can be taken of the ultimate tensile figures 
to high-light the effect of the inclusion of copper 
on the Severity of Cold-work, as compared with 

5 

Table I the effect had with increase in the nickel content. 
Cold Hardeni The comparative effects of copper and in 
30 ardening -- 

Heat No. C Cr Ni Cu WFactor X Creased nickel on the severity of cold-work, as 
s5/5. gauged by the increases in ultimate tensile 

strengths, are well illustrated in the following 
is so Table II, wherein I set forth the ultimate tensile 
i strength of wire specimens after cold-drawing to 
5 various reductions. The advantageous effects 
g attendant the addition of copper are seen from 
6 the lower strength values arad the lower rate of 
55 increase in tensile values with cold-reduction. 

de II 

Ultimate Tensile Str. after cold drawing 

Eleat No. C Cr Ni 20%X1000 40%X1000 60%X1,000 7.5%X1,000 8%(Ann.) | g : "g"|"g: 6. S. i. 

8,949-------------- .05 18: 85 9.42 ------ 78 120 if5 22 246 
10,252.-- .0518.17 - 11.42 ----- 82 117 52 87 22 
58,075------------ . 0513.92 2.77 ------ 75 113 150 187 ------------ 
64,007.------------ 03 - 13.16 13, 56 3.0 75 95 22 45 52 

It will be noted, by reference to this table, that 
Heat 2 therein responds closely in analysis to 
Heat 1 with the exception that Heat 2 includes 
copper in the amount of 4.11%, an element lack 

While in an analysis range given at an earlier 
point in this disclosure, I have set forth a per 
Centage range of the component metals which 

' will give rise to marked increase in cold-working 
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properties, I find that optimum results are 
achieved when the various component metals are 
present within the following more limited range, 
carboia .10% maximum, manganese .50 to 2.00%, 
chroniun 10 to 20%, nickel 10 to 15%, copper 
2.0 to 5.0%, remainder iron. 

in the Several embodiments, manganese can 
be employed at least partly in Substitution for 
the nickel, while conversely, the nickel can be 
employed at least partly in Substitution for the 
Inanganese. Additionally, it may be noted that 
the Silicon content is maintained within the 
normal composition range. Similarly, phos 
phorus and sulfur are normally present in but 
Small quantities, although they may be included 
in amounts up to 0.40% in cases where the cold 
headed article is Subjected to appreciable ma 
chining. Or, where desired, selenium in amounts 
up to 0.40% may be added. Columbiun ol 
titanium may be present in the usual amounts : 
Sufficient to stabilize the carbon, say about 8X % 
Carbon minimum and 4X% carbon minimum, 
respectively. Molybdenum may be present in an 
amount as high as 4% to improve corrosion 
resistance. I find that none of these alloying 
elements significantly affects the rate of cold 
Work-hardening. 
The precaution should be observed that the 

total quantity of chronium present in the metal 
should not be employed in exceSS of the maximum 
limit recited in the broad range of composition 
heretofore given, for I have found that with the 
high nickel level required for good finish effects, 
the inclusion of Substantial amounts of chromium 
tends to increase the Work-hardening effect of 
the alloy, a phenomenon perhaps attributable to 
solid-solution effects resulting in increased Work 
hardening as the total alloy content increases, 
i. e., as nickel and chromium contents increase. 
Thus, I seek to achieve a balance between the 
transformation-hardening effect and the Solid 
solution-hardening effect, the chromium and 
nickel contents being maintained Within Such 
limits that the copper Will achieve maximum re 
Sults in lowering the Work-hardening rate. 

It will be seen from the foregoing that the alloy, 
according to my practice, is readily adapted to 
the production of a variety of cold-headed or 
cold-upset articles. Moreover, it will be seen that 
these articles display marked advantages, as Con 
trasted to those produced from the Ordinary 
stainless steels, in that they are produced with 
a minimum number of cold-working operations; 
necessity for intermediate anneal is effectively 
avoided. Overall production time is drastically 
reduced, so that production costs are appreciably 
lowered. Intricate surface detail can be readily 
duplicated according to my new practice, while 
adhering nicely to close dimensional tolerances, 
and this in effective and predictable manner. 
Important savings attend upon the marked in 
crease in life of the forming dies. 

Illustratively, a variety of fasteners, of many 
different configurations, dimensions, and other 
individual characterizations, are readily formed 
from stainless steel stock, according to the prac 
tice of my invention. Bolts are readily produced, 
and the same is true of roll-threaded ScreWS. 
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My invention is especially suited for the produc 
tion of the so-called, scrapless nuts, wherein 
metal rod is initially pierced to form a hole there 
in, which is subsequently expanded to 18quired 
dimensions, the stock being thereupon tapped. 

All these, as well as many other highly practi 
cal advantages attend upon the practice of my 
invention. 

It is apparent from the foregoing that once 
the broad aspects of my invention are disclosed, 
many embodiments thereof will readily Suggest 
themselves to those skilled in the art, accord 
iingly, intend the foregoing disclosure to be Con 
sidered simply by way of illustration, and in no 
Wise as a limitation. 

I claim as my invention: 
1. Stainless steel possessing cold-Working and 

inachining properties comprising up to 0.15% 
carbon, up to 15% manganese, from 10% to 25% 
chromium, from 7% to 20% nickel, from 1.0% to 
6.0% copper, from incidental amounts up to 0.4% 
of the group Sulfur, phosphorus and Seleniurn, 
With remainder iron. 

2. Stainless Steel rod and Wire possessing good 
cold-heading properties comprising up to 0.10% 
carbon, 0.50% to 2.00% manganese, 10% to 20% 
chromium, 10% to 15% nickel, 2.0% to 5.0% 
copper, from incidental amounts up to 0.4% of 
the group Sulfur, phosphorus and selenium, and 
remainder iron. 

3. Cold-upset austenitic stainless steel bolts, 
rolled-Screws, Scrapless nuts, Snap-fasteners, 
and the like comprising up to 0.15% carbon, up 
to 15% manganese, from 10% to 25% chromium, 

5 from 7% to 20% nickel, from i.0% to 6.0% cop 
per, from incidental amounts up to 0.4% of the 
group Sulfur, phosphorus and selenium, and re 
mainder iron. 

4. Non-magnetic cold-headed stainless Steel 
bolts, rolled-Screws, scrapless nuts, Snap-fasten 
erS and the like comprising up to 0.10% carbon, 
0.50% to 2.00% manganese, 10% to 20% chro 
mium, 10% to 15% nickel, 2.00% to 5.00% cop 
per, from incidental amounts up to 0.4% of the 
group sulfur, phosphorus and Selenium, and re 
mainder iron. 

5. Non-magnetic cold-headed austenitic Stain 
less steel Phillips screws comprising up to 0.15% , 
carbon, up to 15% manganese, from 10% to 25% 
chromium, from 7% to 20% nickel, from 1.0% to 
6.0% copper, from incidental amounts up to 0.4% 
of the group sulfur, phosphorus and Selenium, 
With remainder iron. 
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