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(571  ABSTRACT

An ultrahigh strength material made from ordinary
| 8-8 stainless steel has a tensile strength in excess of
400,000 p.s.t. The method of producing the ultrahlgh

- strength is accomplished by thermo-mechanical opera-

tions. The material can have any desired geometric
cross section configuration and is adaptable for use as
a spring matenal -

17 Claims, 8 Drawmg Flgures
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1
ULTRAHIGH STRENGTH STEELS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the addltmns

made by reissue.

BACKGROUND OF THE INVENTION

Field of the Invention

- This invention is in the field of high strength steels
and, more particularly, in the field of ultra-high

strength [8-8 stainlcss steel materials.

Description of the Prior Art.

With the invention of adding approximately 18%
chromium and 8% nickel to a relatively carbon-free
iron, rustless steel or stainless steel was born. Since that
early development in the 1910’s, many modifications
and permutations have been made of the basic 18-8
stainless steel. Later, this basic material was classified
as an austenitic stainless steel because other classes of
stainless steels that were not austenitic were coming
into existence. Even more recently, all the statnless
steels have been reclassified with this early group of
| 8-8 stainless steels now referred to as AISI type 300
series stainless steels. The basic 18-8 stainless steel is
. Now generally referred to as AISI type 302 stamless
steel

and cannot be readily or appreciably transformed by

heat treatment only into a substantially martensitic

structure. However, many attempts have been tried to
make type 302 stainless stecl stronger and harder pri-
marily by exotic heat treatments without altering the
oxidation and corrosion resistance thereof. In retro-
spect, it was not expected that such attempts would
work and in essence they have not worked. However,
type 302 stainless steel and special compositions
thereof have been strengthened by cold work with
achievable results indicating strength up to a maximum
of 355,000 p.s.i. for standard type 302 stainless and
380,000 p.s.i. for special composttions thereof. These
special compositions constituting small, chemical
changes do not significantly alter the structure of the
material. - |

On the other hand, drastic alterations in ehemlcal
compositions have been introduced substantially in-
- creasing the strength of stainless steel materials, yet
changing the oxidation and corrosion resistance

thereof. In some instances, additional materials were,

of necessity, added to these compositions to restore the
oxidation and corrosion resistance characteristics. The
result of these changes have created new familics of
stainless steels, which are far more expensive and more
limited in their particular scope of usage than the basic
type 302 stainless.

The 355,000 p.s.i. to 380,000 p.s.i. strength Ievels
achievable in current type 302 stainless steel alloys are
far below the strength levels achievable in the highest
strength alloy steel materials usable for springs. Some
of these alloy steels are used to make fine springs, yet
~are not conducive for use in oxidizing or other corro-
stve atmospheres. Consequently, it has long been rec-
ognized that it would be extremely desirable to extend

Type 302 stainlcss exhlbrts an austenitic structure
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that could be used for sprmgb such as In omdtzlng or
corrosive atmosphceres. | |

'SUMMARY OF THE INVENTION

Thls invention relates to oxidation and corrosion

_remstant steels, and is concerned with new and im-

proved characteristics of 18-8 stainless steel alloys that |
pmvide ultra-high strength levels from over 400,000

p.s.i. to over 600,000 p.s.i. This invention also relates

to a new and improved thermo-mechanical method of
treating such 18-8 stainless steels to achleve these |
ultra-high strength levels.

Brleﬂy, an |8-8 stainless stcel material is subjected
to a series of deformation hardening operations always

performed below the recrystallization temperature for

- the material with intermediate anneals. Subsequently,

20

25

30

335

the material is deformation hardened to a very high
level of cold work, over 85%. The material is further
processcd by being subjected to an intermediate heat
treatment to inhibit dynamic recovery, and to obtain an
aging response thereby enhancing the strength already

‘achieved from:the deformation hardening. The mate-

rial can be further deformation hardened with interme-
diate heat treatments to again increase the strength to
higher levels, yet still exhibiting excellent oxidation
resistance at temperatures in the 500° F. range. Thus,
such materials will provide excellent spring characteris-
tics and oxidation resistance hitherto unknown in 18-8 |

stainless steel spring materials.

[t is an object of this invention to provrde an 18 g
stainless steel with a strength level in excess of 400,000
p.s.i., yet retaining the oxidation and corrosion resis-
tance that is exhibited by this mater:al in 1ts normal |
cold-worked state. S

It is another ebject of thns invention to provide a

- method for processing 188 stainless steel to ultra-high
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strength levels by thermo meehdmcal treatment of the
material. ~ - |

It is a feature.of the. mventmn to provide such ultra-
high strength 1 8-8 stainless steel matenal::. to be used
as spnngs | |

It is another feature of thrs invention to provide an
18-8 stainless steel material having an ultra-high
strength in cross-sectional configurations as desired,
e.g., circles, squares, rectangulars, I-shapes, elongated |
rectilinear shapes, T-shapes, etc. B

‘Still another feature of the invention is to provrde an.

5o ultra-high strength 18-8 stainless stcel material in an

operating range up to about 500° F. yet retaining good
oxidation resistance. a

Yet another feature of the invention is to provide a
plurality of 18-8 stainless steel filaments, each having a
tensile strength in excess of 400,000 p.s.i.

~ Another feature of the invention is to provide a eom-

posite material having the plurality of 18-8 stainless
steel filaments surrounded by metal matrix material,
said eompnsrte exhlbltmg a tensile strength In excess of
400,000 p.s.i. | -

‘Another feature of the invention 1s te pmwde an
18-8 stainless steel wire having an ultra-high strength

with a corrosionresistant eovemg superler to the core

63

the strength range of type 302 stainicss steel to provide

a good, general high strength stainless steel material

stainless steel.

The above and nther and further nbjectq and features
of thc invention will be more readily understood by

reference to the following detailed desenpt:on and the-
| accompdnylng dmwmg |
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DESCRIPTION OF THE DRAWING

FIG. T 1s a cross sectional view of a circular tube
~surrounding a circular wire; |

FIG. 2 18 a cross sectional view of a sheathing mate-
rial having a circular external configuration surround-
Ing a core material having a square external configura-
tion: |

FIG. 3 1s a cross sectional vicw of a sheathing matce-
rial having a circular external configuration surround-
ing a core material having a rectangular external con-
f1 guratmn |

FIG. 4 1s a cross sectional view of a sheathing mdte-
rial having a circular external configuration surround-
Ing a corc material hdvmg an hexagonal external con-
ﬁgumtlon

FIG. § 1s a cross sectional view of a sheathing matc-
rial having a circular external configuration surround-
Ing a core material havmg an [-shaped external configu-
ration;

"FIG. 6 is a cross sectional view of a shecathing mate-

I‘ldl having a circular external configuration surround-
INg a core materml havmg an elongated extcrnal config-
uration; |

FIG. 7 is a cross sectional view of the co nﬁguratlon of

FI1G. 1 wherein the sheath is drawn down tightly on the

core material and having an interface demgndted there-
between; and

FIG. 8 1s a schematic flow chart of the proceqs uti-
lized in producing the high strength stainless steel ma-
terial.

DESCRIPTION OF THE PREFERRED
'EMBODIMENTS

In a preferred embodiment of this invention, an 18-8
stainless steel core material having a cross-sectional
configuration such as a circle, a square, a rectangle, a
hexagon, an I-shaped, an elongated rectilinear shape,
etc., is clad or sheathed with a metal such as a nickel-
copper alloy, type 310 stainless steel nickel base super-
alloys, cobalt base superalloys, nickel-cobalt alloys,
copper base alloys, lead, titantum and its alloys, to form
a composite. The composite is then reduced in cross
section so that the sheath tightly adheres to the core.
When it is desired that the distortion of a core shape be
held to a minimum, then the interior of the sheath
should conform to the exterior of the core. The cold

deformation may be performed by drawing, swaging,

rolhing, pressing, squeezing, etc., or any desired combi-
‘nation thereof. |

As defined for use in this disclosure, type 302 stain-
less steel (18-8 stainless steel) has the following ap-
proximate chemical analysis by weight:

_ Percent —
Carbon O1-.15
Chromium 17-19
Copper 0-.5
Manganese (-2
Molyhde- (-9
num ~
Nickcl 7-10
Phosphorus. 0-.04
Stlicon 0-1.5
Sulfur 0-.03
[ron Balunce

which is substantially the same as the United Stut_és
Government’s AMS Specification. All constituent ele-

4

ments, except for carbon, that are present in less than
one percent quantitics are considered and character-
ized as minor elements for the purpose of this disclo-
sure. In addition, the percent reduction, the percent
cold deformed state, the percent cold worked state,
etc., are all the same as the percent reduction in cross
sectional area of the material after the last anncal. In

- other words, a 97.6% cold worked state is the same as
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a 97.6% reduction in cross sectional area.

It has been found that it 1s easier to reduce the cross
section of the composite when the exterior of the
sheath 1s substantially circular, however, other external

configurations of the sheath may be used as desired.

The substantially circular exterior cross section 8 of
such a composite 7 configuration is shown in FIG. 1
wherein thc core 10 is surrounded by a sheath 12 and
the exterior surface 11 of the core 10 is substantially
circular and adjacent the interior surface 13 of the

sheath 12. In a similar manner, the cross-scctional com-

posite configurations for a square 10A, a rectangle
10B, a hexagon 10C, an I-shape 10D, and an elongated
rectangle 10K, are shown in FIGS. 2 through 6. The
sheath 12 is reduced in size tightly on the core to pre-
vent any relative movement between the core 10 and
the sheath 12 with an interface 15 provided to promote
equal reduction of the core 10 and the sheath 12, as
shown in FIG. 7.

The ratio of the sheath material to the core material
depends upon the types of materials and configuration.
Approximately a 5 to 10% reduction in area is required
to provide the initial tight mechanical bond between
the sheath 12 and the core 10. When the core 10 is
made of a material such as type 302 stainless steel, and
the sheath is made of the material such as a nickel-cop-
per alloy, the composite is annealed in a heat treating
furnace at a rate of approximately two seconds per mil
of diameter of the composite. The annealing or recrys-
tallization temperature must be sufficiently high to
provide a complete solution anneal of the core. For the
type 302 stainless and steel nickel-copper alloy com-
posite, 1950° F. is sufficient to provide the solution
anneal and cause a minor degree of diffusion bonding

to occur between the core 10 and the sheath 12 at the

interface 15 further insuring that there will be no rela-
tive movement betwecn the core and the sheath. The

~ composite is rapidly quenched as it leaves the anneal-

50

ing furnace preventing carbide precipitation in the
microstructure of the stainless steel.

The composite is then subjected to a series of cold
reducing steps with intermediate anneals wherein the
composite’s area is reduced at least 75% by cold defor-
mation and preferably 85% by cold deformation after
the last anneal. Each of the intermediate anneals is
performed above the recrystallization temperature of
the core material. However, this temperature should be
kept as low as possible to prevent extensive diffusion

- between the corc and sheathing materials. It is belicved

60
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~ rectangle. a square, a circle, etc,,

that the extreme amount of cold deformation is en-
hanced because the sheathing supports the core mate-
rtal, providcs a protective coating and functions as a
lubricant. This particular step in the process is ex-
trcmely important, and heretofore has not been recog-
nized as one of the primary steps necessary to provide
the ultra-high strength material having complicated
geometric cross scctional configurations. It is belicved
that tor simple geometric shapes, such as an elongated
that the cladded
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sheath 1s not ruqulred however, 1t can be used If dc-
sired.

At this stage in the processing, three different scries

) _

~application Ser. No. 6,709, all owned by the assignee

of operations may be employed, depending on the de-

sircd final strength of the core material.
In one preferred embodiment, the 75-84% cold de-
formed composite 1s hcated for approximately four

hereof. The teachings of both of these patents are fully
incorporated by reference hercin, and arc adaptable
for use in forming a plurality of ultra-high strength
stainless steel filaments in accordancc with the com-
bined teachings thereof. Depending on the final appli--

- cation, it is not necessary to remove the matrix, thereby

hours (with the permissable time ranging from about

one-half hour to about sixteen hours or more) at a
temperature well below the lowest recrystallization or
transformation temperaturc of the core material; for
type 302 stainless material, the range would be about
700° F. to 825° F., and prefcrably in a narrower range
of about 775° F. to 800° F. For ease in understanding
and as used hercinafter, the sub-transformation tem-
peraturc of the core material refers to a temperature at
which substantially no recrystallization of the micro-
- structure will occur. This sub-transtormation tempera-
ture is also called a stress relieving temperature. Subse-
quently, the 84% cold deformed composite s addition-
ally cold deformed to as much as 97%, wherein the
core matcrial has a tensile strength 1in excess of 500,000

p.s.i. If desired, the shcath can be removed from the

core such as by chemical dissolution and other methods

well known in the art. When the sheath is a nickel-cop-

per alloy, chemical dissolution in nitric acid is quite
satisfactory. If the sub-transformation heat treatment 1s
omitted, then the matertal at a 97% cold deformed

state would exhibit a tensile strength in excess of

400,000 p.s.1.
In another preferred embodlment of thc invention,
the 84% cold deformed composite is further cold de-

formed to approximately 93% to 94%. The composite

is heat treated at the sub-transformation temperature

1O
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range of 700° to 825° F. for an approximate period of 35

time such as four hours. The composite is subsequently

cold deformed to 98% and again heat treated at the

sub-transformation temperature range of 700° F. to
825° F. for an approximate period of time, such as four
hours. The sheath can be removed as described above,
with the core having a resulting tensile strength ranging
from approxnmately 500,000 ps.a. to approxlmdtely
580,000 p.s.1. -

In still another embodiment of the invention, the 84%
cold deformed composite was further drawn to a 97.6%
~ cold deformation state. The composite is heat-treated
at the sub-transformation temperature of about 700° F.
to 825° F. for approximately four hours. The composite
is then additionally cold deformed to a 98.7% state.
The core material exhibitcd a tensile strength of about

the end product being a composite of ultra-high

-strength filaments of any desired confi guratlon SUr- -
- rounded by a metal matrix. | -

The following examples of specific ultra-high
strength steels made in accordance with this invention
should not be construed in any way to limit the scope -
contemplated by this invention.

EXAMPLE |

A type of 302 stainless steel rod having a 0.080 inch
diameter and an approximate chem:cal ‘analysis by
we1ght of: |

_ _Percent
Carbon 09
Silicon - 1.23
Mainganese 1.i4
Phosphorus 021
- Sulfur | 010
Chromium 16.9
-~ Nickel - - 8.00
- Molybde- VA
num | , -
Nitrogen 045 B
fron Balancce -

and was surrounded by a Monel K sheath having a

0.115 inch outside diameter, 0.100 inch inside diame-
ter, and a chemical analysis of nickel, 66%; copper,

- 29%; and aluminum, 3%. The rod-shcath composite

40
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575,000 p.s.i. to 600,000 p.s.i. This composite is then

heat-treated a second time at a sub-transformation
temperature, the same as above, for approxiamtely
about 4% hours. The core material then exhibited a
tensile strength in excess of 600,000 p.s.i.

In another embodiment of the invention, the 84%
cold deformed composite is further cold deformed to
approximately 97% or more. The composite 1s then
heat treated at the sub-tranformation temperature

ranging from 700° F. to 825° F. After thc sheath is

removed similar to the manner described above, the

was drawn through a 0.091 inch diameter wire drawing
die. The composite was solution annealed at 1950°F. at

‘a rate of two seconds per mil of diameter of the com-

posite and rapidly quenched. The composite was cold
drawn through a series of dies with intermediate an-
neals to a 97.6% cold worked state. The composite was
then heat treated at a sub-transformation temperature
of about 795° F. for approxiately four hours. The
sheathmg material was removed and the resulting stain-
less wire exhlbltcd a tensile strength of 540,100 p S.1. |

EXAMPLE i

Same as Example [ except that after the sub-transfor-
mation heat treatment of the composite, the composite

- was further cold drawn from the 97.6% state to a 98.7%

55
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core has a resultant tensile strength varymg from |

475,000 p.s.1. to 525,000 p.s.1. |

In another embodiment of the invention it is possible
to form a plurality of ultra- high strength metal fila-
ments bu substituting the composite as taught herein

for the wire-sheath composite structure of U.S. Pat.
No. 3,277,564, U.S. Pat. No. 3,394,213, and/or U.S.

65

state of cold work. The sheathing material was then
stripped from the composite and the resultant stainlcss
steel rod exhibited a.tensile strength of 592,000 p.s.i.

Prior to rcmoving the sheathing the tensile strength was

472,800 p.s.i. with the Monel acting as corrosmn resm- o
tance coatmg |

EXAM PLE I

Same as Example Il except that a final heat trcatment
at a sub-transformation temperature of 795° F. for
approximatcly 42 hours was employed. The sheathing

- material was then removed from the composite, and
“the stainless stcel wire exhibited a tensile strength of

| _'6(}8 000 pounds per squarc inch.
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EXAMPLE 1V

A type 302 stainless stec] rod having a 0.080 diame-
ter and an approximate chemical analysis by weight of:

. ) __Percent |

Carbon | 09
Siticon 1.23
Muanguncese 1.14
Phosphorus 021
Sulfur L0110
Chromitum 16.9
Nickel 8.00
" Molybde- | 7
num

Nitrogen 015
fron Balance

and was surrounded by a Monel K sheath having a
0.115 mnch outside diameter, 0.100 inch inside diame-
ter, and a chemical analysis of nickel, 66%; copper,
29%; and aluminum, 3%. The rod-sheath composite
was drawn through a 0.091 inch diameter wire drawing
die. The compositc was solution anncaled at 1950°F. at
a ratc of two seconds per mil of diameter of the com-
posite and rapidly quenched. The composite was cold

drawn through a scries of dies with intermcdiate an-

neals prior to achicving a 99.4% cold worked state. The
composite was then stripped of its sheathing material
and exhibited a tensile strength of 535,500 p.s.i.

EXAMPLE V

The same as Example IV except that after the sub-
transformation heat treatment of the composite, the
composite was further cold worked from a 99.4% cold
work state to a 99.6% cold work state. The sheathing
matertal was removed therefrom, with the final stain-
less steel wirc exhibiting a tensile strength of 619,000
pounds per square inch.

EXAMPLE VI

Ninety-one (91) type 302 stainless steel rods, each
having a diameter of 0.080 inch were placed in Monel
400 tubes, each having a 0.115 inch outside diameter
and a .100 inch inside diameter. The chemical compo-
sition of the 302 stainless steel by weight was:

Carbon 10
Stlicon 46
Mangancse _ .3
Chromium | 8.9
Nickel K.9
Phosphorus 18
Sulfur YO R
Iron Balance

The rod-likec combinations were packed in a mild

steel billet, heated, evacuated to about 10~ torr and
sealed. The billet was heated and extruded at 1800°F.

with a 16 times reduction forming a composite. The

_ Percent -

Re. 28,964
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less steel filaments was found to be 393,200 p.s.i. The
composite was then heat treated at a sub-transforma-
tion temperature of about 700° F. for about 16 hours.
The final strength of the 302 stainless steel filaments
was then found to be 427,500 p.s.i.

EXAMPLE VII

Same as Example VI except that the composite was
cold drawn to a 98.5% cold worked state. The final
composite diameter was 16.8 mils with each of the
individual filaments having an effective cross section
dimension of about 1.13 mils. The strength of the 302
stainless filaments was found to be 453,700 p.s.i. The
composite was then heat treated at a sub-transforma-
tion temperature of about 700° F. for approximately 16

“hours. The final strength of the filaments was found to

be 512,200 p.s.i.

It has been found that during the different variations
in processing that the austenite that originally existed in
the core material transformed into at least 50% mar-
tensite by a diffusionless phase transformation. The
sheathing material is preselected to have a cold defor-
mation rate that is compatible with the cold deforma-
tion rate of the core material. It is believed that the
additional treatment at the sub-transformation temper-
ature range further inhibits dynamic recovery and ob-
tains an aging response thereby enhancing the strength

- already achieved from the deformation hardening.

30

After the sheathing is removed, the ultra-high strength
core material may be subjected to a final sizing opera-

- tion to obtain a uniform cross sectional geometry.

The general processmg steps or operations are graph-
ically depicted in FIG. 8. The ordinate denotes the heat

| ‘treatment range in temperature and the abscissa de-

35
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picts the cycle of operations or steps. Operations A and
C indicate cold deforming operations with B indicating
an intermediatc anneal. Operations indicated as A, B
and C are size reducing operations and can be repeated
any number of times. D indicates the solution anneal of

the core material. E indicates the amount of cold work |
reduction measured in prcentages. F indicates the first.

sub-transformation anneal with G indicating subse-
quent cold reduction, Lastly, H indicates the final sub-
transformation anneal.

[t can readily be seen that the ultra-high strength
materials can be coiled for use in springs, either as
tension or compressmn springs. In addition, spiral type
watch springs, leaf springs, etc., can also be made from
this material exhibiting such high tensile strength.

Although specific embodiments of the invention have

~ becn described, many modifications and changes may

be made, especially in configurations, without depart-

| mg from the spirit and scope of the invention as defined
~in the appended claims.

55

60)

composite was then reduced by cold reduction with

intermediate anneals. The composite was fully an-
nealed at a rate of two seconds per mil diameter of the
composite. The composite was then cold drawn to a

final diameter of 16.8 mils with each of the individual
rods (now filaments) having an effective cross section

diameter of about 1.13 mils. The filaments were at a

93.8% cold worked state. The strength of the 302 stain-

We claim: -
1. A high strength stainless steel material having a

composulon by weight conmstmg essentlally of .15%

maximum carbon, 1.5% maximum silicon, 2% maxi-
mum manganese, about 17% to about 19% chromium,

about 7to about 10% nickel, minor amounts of other

metals, and the balance constituent iron, and charac- |
terized in that said material has a tensile strength in

- excess of 400,000 p.s.i.

05

2. The material of claim 1 wherein Sdld material

exhibits approximately not more than a 20% decrease

in strength up to approximately 500° F.
3. The material of cluim 1 wherein the matcrial has a :
preselectedly sized configuration.
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4. The matcrml of c]alm 1 whu:h is formed into a
Sprmg

§. The material of claim 1 further including a tlghtly
adhering sheath material.

6. The mdterlal of claim S Wthh iIs formed Into a

spring.

7. A method of obtaining a tensile strength ef at least
400,000 p.s.i. from an 18-8 stainless steel material

closely controlling the steps comprising:

(1) rapidly quenching a solution annealed 1 8-8 stain-
less steel material to prevent carbide precipitation,

(2) cold deforming and material to at least a 75%
cold worked state; and |

(3) heat treating said cold deformed material at a
sub-transtormation temperature to inhibit dynamic
recovery and provide an increase in strength.

8. The method of claim 7 further including the step of

cold deforming said material subscquent to said heat

treating.
9. The method of claim 7 wherein the sub-transfor-

-~ mation heat treatment temperature ranges from 775°F.

to 800° F. | -
- 10. The method of claim 7 wherem the material 1s
further worked to an 84% cold worked state during
cold deforming. |

11. The method of Cldlm 7 wherein the material is
further worked to a 95% cold work state during cold
deforming. - | | |
| 12. Thec method of claim 7 whercm the matenal IS
 further cold worked to at least a 97.6% cold work state
during cold deforming. -

13. The method of claim 12 wherein after the sub-

transformation temperature heat treatment thc mate-

rial is further cold worked to at least a 98.7% cold

s

10
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worked state with the material exhibiting a tcnsﬂc
strength in excess of 575,000 p.s.1.

14. A method of obtaining a tensile strength of at
least 400,000 p.s.i. from an 1 8-8 stamless steel material
comprising the steps of:

(1) rapidly quenching a solution annealed 18- 8 stain-
less stecl material to prevent carbide precipitation;
and

(2) cold deformmg sald matcrml to at least a 97%5
cold worked state. -

15. A process for thermo- mechanically rrearmg 183-8
stainless steel, comprising the steps of:

(a) cold deforming the 158-8 steel, | -
(b} heating the steel to a temperature in the sub-trans-

formation temperature range of 700°F to 825 ”F to
~ prevent carbide precipitation, and

(¢) cooling the steel to a temperature below about
700°F and then again cold deforming the steel, the
{8-8 steel totally being deformed a minimum af
75%.

16. A process for therma mechamaally treatmg 18-8

stainless steel, comprising the steps of:
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(a) heating the steel to a temperature in the recrystalli-

~ zation temperature range to anneal said steel,

(b) cooling the steel to a temperature range of 700°F to
825°F and then cold deforming said steel,

(¢) heating the steel to a temperature in the sub-trans-
formation temperature range, and

(d) cooling the steel to a temperature below abom
700°F and then again cold deforming the steel, the
18-8 steel totally being cold deformed a minimum of
73%.

17. The process of claim 15 wherem the total amount

of defarmatwn is in excess of 75%.
% * * % =|'-'
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