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" This invention pertains to age-hardenable
“austenitic alloy steels, and more particularly to
“an alloy steel of this type which can be forged -
“and rolled, and which as annealed or solution-
"treated is quite soft, so that it can be cold-formed &
réadily or machined, and which can be subse-
duently age-hardened to a hardness.in excess of .
‘«c 35 Rockwell, and which in the age-hardened
‘condition is characterized in being substantially
non-magnetic and in having an 0.02% yield 10
strength of at least 85,000 and for most analyses
upwards of 100,000 pounds per square inch.

A broad range of analysis of the steel in ac-

cordance with the invention is”that -containing”

about: 19 to 259 nickel; 5 to 14% chromium; 15
9 to 6%. manganese; 3 to 5% aluminum; from::
an effective amount up to about 3% silicon; 0.3 to
0.89 carbon: and the balance substantially iron o
except for optional additions of up to.about 3%
in aggregate of other elements which do not sub- .20
stantially affect or impair the above mentioned.
desirable characteristics of the steel of this inven- .
_tion. As illustrative of optional additions with-, .
"in this category, mention may be made of such .
elements as copper, vanadium, tungsten, molyb="25
denum and cobalt. The usual impurities, such .
- as phosphorous, sulphur; etc., may be bresent in-’ :
the steel of the invention .within commercial -
 folerances. L A
A preferred range of analysis of steel in ac- 30
cordance with the invention is that containing.. .
about: 20 to 22% nickel; 8 to 11% chromium; 3.5 ..
to 5% manganese; 3 to 4% aluminum; 0.3 to 0.6% -
-¢arbon; and the balance substantially iron except
for impurities within commercial tolerances, ahd 35
optional minor additions of other elements as
‘aforesaid. , ' L
The steel of the invention is of especial utility
‘for use in retainer rings on the rotors of large
electric generators and the like; also for use in 40
periscope tubes in submarines, wherein a non-
magnetic steel of high hardness combined with
high yield strength is required. = © v
Tn this connection there has lohg been'a need
for. a high strength non-magnetic: material for:45.
use as retainer rings on the rotorsof large elec-
tric generators. The function of the retainer ring = :
is to hold‘in place on the rotor the heavy conduc- '
“tors which carry the magnetic field circuit.. The. ...
centrifugal force generated by the high speed at50
which the rotor revolves during the operation.of ..
“the generator tends to throw these conductors.off-
‘the rotor and it is necessary.to have a strong re- -
taining ring to keep them in place. For many::

machines the retaining rings.are made of a'low, 55,
‘alloy steel such as SAE 4140 heat'treated to have""
a 0,029% yield strength of at least 100,000 pounds'. ,

]

4 Claims. (CL 75—124)

-ever, .fhere

- 310-Stainless, is an example of such a steel.

;

2
per square inch (p.s.1.).
strength for the application,

These provide adequate
but they seriously

limit the efficiency of the generators in which they
are. used by

the fact that they are magnetic.
Retaining rings made of magnetic material have

‘eddy currents induced in them because they are

in close contact with conductors carrying large
currents. These eddy currents not only represent

‘wasted energy in the system, but also generate

heat in the rings which causes undesirable operat-
ing conditions. If the rings are non-magnetic,
the energy loss is negligible and the rings remain

__quite cool.

Tt is well known that steel can be non-magnetic
if the composition is so balanced that austenite,
the non-magnetic phase of iron, is retained at
room temperature. The well known 18-8, type
302 Stainless, is an example of this. However,
this steel and all other austenitic steels have rela-
tively low yield strengths unless they are severely
cold-worked. When some austenitic steels such
as_tiype 302 are severely cold-worked they become
magnetic because the cold-working induces the
phase change from austenite to ferrite. How-
are some austenitic steels which are
sufficiently stable so that they remain austenitie,
that. is, non-magnetic even aiter they have been
severely cold-worked. The 25 Cr-20 Ni steel, type

An-

other example is a steel containing

o ] Mo si Ni or Mo

.35 12.0 .60 3.5 4.5 .30

which has been used in the electrical industry for
‘hon-magnetic retaining rings. The shortcoming
of this material however is that in the forging of
the rings made from it, temperatures and amounts
of forging have to be very carefully controlled so
that the cold working may be of exactly the right

“amount to develop in the steel the very high yield

strength required of these retaining rings. The
electrical industry would much prefer a material
in which the high yield strength could be de-
veloped by heat treatment rather than by care~

¢ fully controlled cold-working.

.Heat treatment in the ordinary sense applied
to steels, that is, 2 heating to form austenite;
followed by a cooling to permit the austenite to

' transform to martensite or other low temperature
" yransformation product; followed by a tempering

treatment to stress relieve and toughen the steel;
cannot be considered for non-magnetic steel be-

- eause ‘all transformation products of austenite
‘such as pearlite, bainite, and martensite are
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magnetic. For this application it is desirable that
the steel be hardened by heat treatment without
causing the austenite to transform.

In my.copending.application.Serial.No. .7 92,929,
filed December 20,1947, I have shown that:aus-
tenitic steels can be hardened by heat treatment
if the composition is such that precipitation hard-
ening occurs, when the steel is given suitable solu-

tion and aging treatments. ‘Such-a precipitation”

hardening steel as described.in Iny.said.copend-
ing application has the following constituents.and
range of analysis:

Carbon .. ______ -Up to 04.%
Manganese plus nickel _______ About 20 to 809
Chromium ...__._____________. About 15 to 25%
Aluminum - ______________ About 2:5t045%
Molybdenum and/or

stungsten - ______________ “Upto:about:d %
Balanee . _______________ Substantially:iron

‘The above analysis was developed ‘to provide ‘a
‘hardenable corrosion and heat-resisting . austen-
“itic steel. In the steel of the presert applicstion,
‘the ‘corrosion and heat resistant features are of
‘1o significance, the main requirements being high
vield strength, low permedbility, and low .cost.
“To 'keep ‘the cost down it.is desirable to use as

little alloy as possible and.this has been accom-

4
and aluminum for producing a steel which when
suitably heat treated will have the desired high
yield strength together with the low permeability.
-It.has been.established by.tests.that.steel of thig

& “{ype must.have-a hardnessiin:excess of ‘Rockwell

“C” 35 in order to have the desired 0.02% yield
strength of close to 100,000 p. s. i., i. e. at least
"about 85,000 p. s. i. In order to get a measure
-of ithe -attaindble ‘hardness of the steels of this

10 invention specimens were solution treated at

“2300° /P “for ;about 10 minutes, water quenched
‘and .then.aged:at :1100°, 1200°, and 1300° F. for
16 hours, and tested for hardness. The heat
“treated: pleces were also tested for relative mag-

15 metism by measuring the pull in grams oh a mag-

netic.balance.

I have discovered that both manganese and
chromium and also carbon.in.suitable amounts
‘are'very effective’in raising the attainable hard-

20°ness of ‘austenitic, non-magnetic nickel-alu~

“miinum ste€ls to over Ro¢kwell “C” 85, This was
unexpected since it had been assumed that pre-
cipitation ‘hardening in this type of austenitic

-Steél"was dependent on a nickel-aluminum com-

25 pound, and that the balance of the-composition.

‘was relatively unimportant. 'The data .showing
“the effects.of manganese and ¢hromium.are given
‘in'TablesTandII.

"TABLE I

‘Effect ofmanganese-on the hardening of ‘austen-

~itic.21% Ni-9% Cr-3.5%. Al steel

“[Samplés solution:treated:at’ 2300°F., "water quenched-and-aged for 16 hours 4t indi-

reated temperatures.]

:Analysis; Per Oent ; .RockwellAq .Hardness After
. ging at—
IBar
C I"Mn ;| 78i Ni Cr | "Al | 1100° F. |"1200° F. | 1306° F.
I i : B
e *3.29 3 13° 33
3.69 21 45 -40
-3.58. ) 42 32
“3.45 17 43 235
{363 20 <46 37
.3.17, 18 49 38
31 8 26 31
12: 95! 3 18! 131
3.43 9 =42, 32
3.50 22 ‘4 ‘39

-Nore: All steelspractieally non-magnetic as-hardenéd.

plished .in the -present invention by {limiting the 50

nickel -to -about 25% -maximum; -limiting the
chromium to ahout:14% maximum; keeping the

need for expensive low-carbon ferroalloys and.to
“permit a -freer -use -of scrap steel; -omitting
‘molybdenum-and tungsten:and depending on-the

‘balance of carbon, manganese, nickel, chromium,

It'is ¢lear’in’'bath these .groups.that steels with
‘manganese under 1.5% do.not harden .as well.as

.. those with manganese from about 2 %-up to.about
carbon .over .about 0.30%, thus to .minimize the

5%. Tt 4dlso appears from the teésts.on Bar 5316
“that manganese over 6% is detfimental. Accord-

55 .ingly I set the limits on. manganese in the steel of

“tHis inverition at approxXimately from 2.0 t0.6.0%,
“with the preferred. range at 4.0 to 5.0%

TABLE 1T

jﬁeét of chromium on the hardening ‘of aus-

Zenitic.5% . Mn~22% Ni-3.5%. Al steel

{Bamples solution :treated at: 2300° F., water 'quenched ‘and aged for 16 houts‘at

:indicated temperatures.]

. &q Par ar Rockwell € Hardness After

=Analysis, Per Cerit Aging at—

Rar

‘C | Mot | Ni | or | Al|1100° B, | 1200° . | 1806° .
4414079 c62 onse | 010 13085 18’ 22 g
43 |86 285 [:21760 | 208573051 2t 2 112
45.1.4.72° B | 21052 | 551 |.3.54 17, 38 33
46.|4:70 | 700 | 21790 | ‘8766 |'3.63 20 46 37
: 451(24.82 | .764'| 21765'{:11,05 | 3.50 ] 44 ‘39
S2008......f 46| 471 | 56.|.21.58 ) 13,95 | 3,47 22 142 41

Norg: All stesls practically non-magnetic as hardened,
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The data of Table II show that a minimum of
about 5% chromium is necessary for adequate

hardening of this steel, and that the hardness:: .

tends to become constant or to decrease some-
what as the chromium is increased beyond about
89%. Accordingly I set the limits on chromium-
in the steel of this invention at from 5 to 14%

with. the preferred range at 8 to 11%, the latter.

for optimum hardening.
It was indicated to a slight degree in Table I

that the steels of higher carbon have. higher'--
This is confirmed by the following :
-data of Table IIT. g

hardness.

TABLE II1

10

ing and that hardening improves rapidly with in-
creasing aluminum.  However, the steel becomes
difficult .to forge as the aluminum is ‘increased
beyond about 5%. - Furthermore, because of its
strong ferrite formlng tendencies, aluminum in
“inereasing amount tends to make the steel mag-
netic. I therefore set the limits for aluminum

. in the steel of this invention at about 3. 0 to 5.0%
. with & preferred range of 3.0 to 4.0%.

Itis desirable from the standpoint of economy

-t hold the nickel content, of the steel to a min-

imum. However, as shown in Table V, it is
necessary to have a minimum: F’?. about 19%

Effect of carbon on the hardening of austemtic

5% Mn-21% Ni-8.5% Cr-3% Al steel

cated temperatiures.

' E Analysis, Per Cent

: Rockwell C Hardness After:.
o - Aging At—

-1 -Bar. ‘

| o | vm | st | Nt | Or | Al |1100°F. | 1200° F. | 1300° E.
o7 ‘461 | 56| 2124 |8.7813.05 16 w| %
43| 460 | .67 | 255 | 852|317, - 18 2 38
e8| 476 (59| 2055 | 831 | 3.54 a7 6| .3

. Nore: All steels practically non-magnetic as hardened.

This shows that a minimum. of about-0.30%

‘eatbon is needed in this steel for adequate hard-

f'vemng and that hardness increases with increas-
“ing éarbon. - However, since carbon beyond about
'i'_fo 80% would make the steel very d1ﬂicu1t to forger

Eﬁect of mckel on. the hardenmg of. a,ustemtzc

[Samples solution treated at-2300° F,, water quenched and aged for 16 hours at indJ- .

30

mckel in the steel of this invention in order to
“assure adequate hardening and also’ to" assure
stapility of the austenite so that it does not trans-

“form to a magnetlc constituent’ durmg the” agmg

itreatmept
’ TABLE v

4% Mn-9% Cr-3.5% Al steel

ISR

cated temperatures.]

IR Aﬁﬁiysie, ‘Per Cent Rockweligcin gaArgiess After

Cov| M| s ) NE[TOr| Al | 1100° F. | 1200° F. | 1300° F.
' 3,97 |..85 | 17.45 | 8.54 | 369 | 21 {gg 39
451386 | 20 | 10:36 | 8.54 | 3.64 S 3 37
L4384 | 682026 | 868 | 345 17 X 35

Note: The 17.5.% Ni steel ggs slightly magnetic as aged at.1200° F.and stron%

magnetie after the 1300 F.

The 19.4% Ni steel was slightly magnetlc af

the 1300° F, aging “Al other samples were practically non-magnetic.

I set the carbon limits of the steel of this inven-
tion at 0.30 %o 0.80% with a preferred range of ‘85 in the steel of this invention are set at 19 to 25%

0.40 to 0.60%.
Aluminum has an-appreciable effect on the!’

‘hardening of the austenitic steel as may be seen .

5 from Table IvV.

TABLE v

Eﬁect ‘of aluminum on the hardening of aus- S

tenitic 4% Mn-21% Ni-9% Cr steel

cated temperatures.]

".On tHe hasis of these data the 11m1ts‘of mckel

with a preferred range at 20 to 22%.
~The silicon content of the steel w1th1n ‘the

: 11m1ts ordmanly found in forgeable steels seems

V: [Samples so]utxon treated at 2300° F., water quenched and aged for 18 hours at ind.i

" Analysis, Per Cent

Rockwell O Hardness After c
: CAging At—" i o T

.. Bar

bOT | Mn | s | Ni | Or | Al |1100>F.1200° F- |- 1800°F. =0 v
.46°1:3.92°1 .90 | 21.36 | 8.57 | 2.61 8 26 |. gpn.
.49 | 3.84 | .68 | 21.25 | 8.68 |.3.45 7. .45 - 35 .
148 | 3.91 | .88 | 2138 | 8,57 [3.83 | 34 51 s

NOTE ‘The 3 8% alummum steel was very sllghtly magnetlc when aged at 1200° F. RS

+* All other samples: were practically non-magnetie. -

Thus it‘may be seen that a minimum of about

3% ahiminum is required for adequate harden-

to have only g mlnor effect on the hardemng 'Jf

- the stéel as shown in Table VI.: ot
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"TABLE VI

Effect of silicon on the hardening ‘of austenitic

5% Mn-21% Ni-8% Cr-3% Al-sieel

[Samples solution streated at.2300° F., water, quenched and. aged for 16 hours-at indi-

cated temperatures.]

- . Analysis, Per Cent ,'ROCkW‘?]igngﬁgﬂess Atter

.Bar -
o} |Mu 8i | Ni | Or: Al'"|:1100°F. {"1200° F."| 1300° F.
2001 i 43| 4560 | .67 2055 |'8.52 | 3ay 18 42 38
5882 L. 46| 470 | 190 | 2120 | 8,66 | 3.63 20 46 37
2003___._- 47| 488 |1.62 | 2130 | 8.23 | 3.54 2 a7 )

Nore: All steels practically non-magnetic as hardened.

The limits for silicon in the steel of this .in-
vention are therefore set at from an effective
amount to about 3.0%.

Aside from those elements already specified

20

above, the halance of the steel consists of iron °
alone, or with up to about 3% in aggregate of.

elements that might be introduced with scrap
and ferro alloys such as phosphorus, sulfur,
copper, vanadium, tungsten, molybdenum, and
cobalt, and which do not affect the hardening
and the magnetic properties of the steel.

Although maximum hardness and yield
:strength are attainable in -the steel of this in-
vention with a -solution treatment of -about
2300° F. .and an-aging -at about 1200° F., a ‘good
-value.of yield :strength can be obtained together
with a low value of permeability with -a solu-
tion treatment at 2200° F.,.and even at 2100° F
as shown in Table VII. Furthermore, better
values of ductility are obtamable by use ‘of -the
lower solution -temperature.

TABLE VII

25

30

35

bon; up to.about 3% -in aggregate of other ele~
ments which do ‘not substantially impair the
gage-hardening and non-magnetic properties of
the steel; and the balance substantially all iron.

2. A forgeable and machineable, age-harden-
able, .austenitic alloy steel which, on solution-
treating at about 2100° to 2300° F., followed by
aging at about 1200° to 1300° F., is character-
ized in being -substantially -non-magnetic and
in having a hardness in excess of ‘Rockwell “C’
35-and-an 0.02% yield strength of at least 85;000
pounds per square -inch, said ‘steel containing:

-about 20 to 229 nickel; about-8 to 11% -chrom-

ium; -about 3.5 to 5% -manganese; :about '3 to
4% -aluminum; about 0.3 t0-0.6% -carbon; up to
about 3% -in.aggregate of other -elements which

-do -not :substantially impair the -age-~hardening

and non-magnetic properties of the steel; and
the balance substantially all iron.

3. An age-hardened, austenitic alloy steel
which is characterized in being substantially

Tensile and permeability values 0f age hard-
ened austenitic Mn-Ni-Cr-Al steel

‘[Samples solution-treated-as indicated, and-aged for 16 hours-at 1200° F., 'then tested for room temperature

mechamcal and magnetic properties.]

Tens. .

02% Y1d.

R . R El.in2 Permea-
: : | Sol. '} Roek. | qj i R. A. hd
Bar C Mn .| Ni Cr Al L Strength,t Strength,| .in., Per 7. | bility at
| Tempo © 1755 pesa, | Gent | FerCent| T _Yogg
, °F...

-5880...| .44 3.0 2.5 87| 3.7} 2,200 41 7161,’000 295, 000 15.0 35.4 1.033
5880 .44t 3.012L.5 87| 3.7 .2,300 45| 173,000 121 000 6.0 15.2 fooo s
5815.__| .35} '3.8{21.8| 88| 3.6 2300 43°] 221,000 104, 000 6.4 19.1 1. 008
6881__:| 49| 3.8 1213} 87| 3.5]| 2200 371 150,000 85, 000 21.2 I 5 20 N IR
5881-__| .49 3.8 121.3 | 87| 3.5]| 2300 ‘394 179,000 § 119,000 40 1306 oo
5882 .46 | 4.7 121.3| 87 3.6 2100 37 178,000 97,000 19.2 25.5 1.015
58821 .46 | 4.7 21.3 | 87| 3.6 2,200 38 | 176;000 | 102,000 13.3 21.0 1,010
58821 .46 | 4.7 | 213 | 8.7 3.6 2300 44 | 177,000 | 125,000 10.4 2.4 |
5818_- .34 3.8 |:21.1| 1007 | 3.4 | 2,300 38 | '181,000 105 000 : 6.7 14.0 1,006

It will thus be seen that the steel of the in-
vention is characterized in possessing in the
age- or precipitation-hardened condition, high
hardness combined with high tensile and yield
strength and is, moreover substantla.lly non-
magnetic.

I claim:

1. A forgeable and machineable, age-harden-
able, austenitic alloy steel which, on solution-
treating at about 2100° to 2300° F., followed by
aging at about 1200° to 1300°
ized in being substantially non-magnetic -and
in having a hardness in excess of Rockwell “C”
35 and an 0.029, yield strength of at least 85,000

pounds per square inch, said steel containing:

about 19 to 25% nickel; about 2 to 6% man-
ganese; about 5 to 14% chromium; about 3 to
5% -aluminum; from:an effective amount up to
about 3% silicon; ‘from about 0.3: to 0.8% -car-

F., is character--

non-magnetic and in having a hardness in ex-
cess of about Rockwell “C” 35 and an 0.02%

. yield strength of at least 85,000 pounds per

60

‘square inch, said steel containing: about 19 to
259% nickel; about 2 to 6% manganese; aboub

-5 t0 149% chromium; about 3 ‘to 5% -aluminum;

from an effective amount up to about 39 sili-

_.con; from about 0.3 to 0.8% carbon; up to about

85

70

3% in aggregate of -other ‘élements ‘which do
not -substantially impair the -age-hardening and
‘non-magnetic properties of the steel; and the
-‘balance -substantially all iron.

4. An age-hardened, waustenitic: alloy steel
which is ‘characterized in being ‘substantiglly
non-magnetic and in having a hardness in ex-
cess. of about Rockwell “C” 35 .and an .0.02%
yield strength of at least 85000 pounds per

-Square inch, said steel containing: -about 20 to

22% .nickel; about 8-to 11% chromium; .about
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3 to 5% manganese; about 3 to 4% aluminum; ' UNITED STATES PATENTS

about 0.3 to 0.6% carbon; up to about 3% in Number Name C - Date
aggregate of other elements which do not sub- 1,639,989 Evans .- ————___ Aug. 23, 1927
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