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'This 1avention 1s concerned with aluminum base alloys
which are adapted for service at elevated temperatures,
particularly such as required in certain parts of jet
engines. An object of the invention is to provide an
aluminum base alloy composition that possesses a com-
bination of high strength and a high resistance to creep
and fatigue at elevated temperatures.

Aluminum base alloys have long been used for such
parts of internal combustion engines as pistons, cylinder
heads and connecting rods and they have served quite
satisfactorily for these purposes. Typical of the alloys
that have been used for these parts are those which, in
addition to aluminum, contain 4% copper, 1.5% mag-
nesium and 2% nickel; 10% copper, 1.25% iron and
0.25% magnesium; or, 12% silicon, 1.2% magnesium,
2.5% nickel and 0.8% copper. With the advent of more
powerful motors and auxiliary equipment, especially
jet engines, 1t has been found that the above alloys do
not possess the requisite properties for long time opera-
tion. The requirements for compressor parts in jet
engines, for example, have demanded the utmost from
aluminum base alloys. It has been learned that while
some alloys may have a satisfactory strength at elevated
temperatures their resistance to creep and fatigue are so
low as to make them unacceptable. In other cases the
alloys may have interesting properties at high tempera-

tures but they are so difficult to cast and work as to

remove them from consideration as practical materials.
Effort has therefore been made to find an alloy which
would possess both high strength and high resistance to
creep and fatigue and still be amenable to fabrication by
conventional methods.

My invention is based on the discovery that a highly
satisfactory combination of strength and resistance to
fatigue and creep at high temperatures is to be found in
a magnesium-free aluminum base alloy containing copper
as the chief added component and small amounts of man-
ganese, vanadium and zirconium. More specifically the
alloy should consist essentially of aluminum, from 35
to 13% copper, 0.15 to 1.7% manganese, 0.05 to .20%
vanadium and 0,05 to 0.30% zirconium, the iron impurity

not exceeding 0.75% and the silicon impurity being below -

0.40%. Furthermore, the amount of manganese should
be between 3 and 13% of the copper content. The pres-
ence of the small amount of manganese, vanadium and
zirconium considerably modifies the properties of the
binary aluminum-copper alloy at elevated temperatures.
The precise manner in which these elements cooperate
with each other and with the copper component is not
understood but it has been found that the foregoing
limits must be strictly observed to obtain the desired re-
sults. While the alloy exhibits improved properties in
both the cast and worked conditions the improvement is
more clearly evident where it receives a solution heat
treatment with or without subsequent precipitation
hardening treatment. The use of a solution heat treat-
ment has the further advantage of homogenizing the alloy
and insuring a more uniform product.

The alloy should contain no more than about 0.02%
magnesium and hence it is here referred to as being

“magnesium-free.”

For optimum results the alloy should contain from
5 t0 9% copper, 0.15 to 1.20% manganese, 0.05 to 0.15%
vanadium and 0.05 to 0.25% zirconium, the silicon and
iron impurities amounting to 0.05 to 0.30% silicon and
0.05 to 0.50% iron. The amount of manganese, of
course, should be between 3 and 13% of the copper con-
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tent as indicated hereinabove. It is also desirable that
the alloy be given both solution and precipitation harden-
Ing treatments to produce the maximum properties.
Alloys within the foregoing range which have received the
prescribed thermal treatment may be expected to have at
400° F. a tensile strength after 100 hr. exposure of
39,000 p. s. 1., a minimum creep rate of on the order of
0.00006 to 0.00016 in./in./hr. under a stress of 25,000
p. 8. 1, a stress for rupture in 1000 hours of 23,000
p. s. 1. and to not fail in fatigue at a stress of 13000
p. 8. 1. 1n less than about 20 million cycles.

To obtain a finer grain size or enhance minor charac- -
teristics of the alloys it may be desirable to add 0.01
to 0.25% of one or more of the following elements:
cobalt, mnickel, molybdenum, tungsten, chromium,

~ titanium, boron, tantalum and niobium, the total amount
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of such elements not exceeding 0.25%.

The thermal treatment that may be used to enhance
the properties of my alloys should consist of heating them
to a temperature between 960 and 1000° F. for a period
of 2 to 24 hours followed by quenching, preferably in
water at 70 to 160° F. The quenched alloys may then
Ee reheated to 350 to 450° F. for a period of 1 to 50

Ours.

My alloys may be used in the non-heat treated con-
dition, if a maximum strength is not demanded, for even
in that condition they represent an improvement over
such well known alloys as one composed of aluminum,
4% copper, 1.5% magnesium and 2% nickel. For ex-
ample, sand cast test bars of an aluminum, 6% copper,
0.3% manganese, 0.25% zirconium of 0.1% vanadium
alloy had a tensile strength of 14,500 p. s. i., a vield
strength of 9,600 p. s. i. and an elongation of 21% at
600° F. whereas the foregoing aluminum-copper-mag-
nesium-nickel composition has a typical tensile strength
of but 8,000 p. s. i. and a yield strength of 6,000 p. s. i.
at 600° b,

The minimum creep rate values mentioned herein were
obtained in the following manner. Standard Y% in. di-
ameter bars were placed in small electrically heated air
furnace and maintained under a constant load through-
out the period of the test by means of a dead weight and
lever system. The furnace temperature was automatical-
ly controlled. Measurements of extension or creep were
made at regular intervals throughout the test period to
the nearest 0.000005 in. To obtain the minimum creep
rate, the measured values of creep were plotted against
time on Cartesian coordinates and the minimum slope
of the resulting curve determined. The minimum creep
rate thus determined is also known as the secondary
creep rate,

Stresses for specific creep rates were determined in
customary manner from graphs in which the creep rates
mentioned. above were plotted logarithmically against
stress. Stress rupture values were obtained in a similar
manner by determining the time required for rupture at
a given stress for each of several specimens under dif-
ferent stresses. By interpolation in the customary man-
ner specific stresses were found which would be expected
to cause rupture in specific times.

The alloys of my invention may be used in the cast
state or they may be worked. This is of practical im-
portance since it may be possible to use a single composi-
tion for both cast and wrought products.

The properties of cast and forged alloys made in ac-
cordance with my invention and one not so made are
illustrated in the following examples. The alloys had the
compositions given in the table below: |

TABLE 1
Percentage composition of alloys

Alloy Cu Mn Vv Zr Fe Si Others
A e 5.98 10.21 10,10 [ 0.23 | 0.11 ! 0.07 |..__....__.
B o 6.20 | 0.28 | 0.14 {1 0.22 (0.20 ] 0.20 |____. ___
C e e 1214 | 1.45 | 0,12 [ 0.25 | 0.12 | 0.12{_____ _
Do 6.16 [._.... 0.13 (0.23 | 0,19 [ 0.19 {__________
) 6.0 (0.3 [0.10|0.25 | _{_._._. 0,02 T
0,005 B

Forged 1" sq. bars of alloys A, B, C, and D were
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given a solution heat treatment at 1000° F. for a period
of 1 or 2 hours, followed by quenching in water and
precipitation hardening at 375° F. for 12 hours. Cast-
to-size test bars of alloy E were heat treated at 985°
F., quenched and precipitation hardened by heating at
375° F. for 12 hours. Samples of the forged bars were
heated to a temperature of 600° F. for a period of 100
hours, while the cast bars were heated to the same tem-
perature for 48 hours and their tensile and yield strengths
determined at that temperature. The tensile values ob-
tained under this condition are given in Table II below:

TABLE II
Tensile properties at 600° F.
. Tensile Yield P
ercent
Alloy Sg‘e?_gf_h’ St;‘eg‘gii:%], ¥longation
A o e ———————————a———— 20, 600 14, 600 24
B o e e e v ————————————— 20, 300 15, 300 24
" 22, 200 15, 200 21
D) o ot m e e wwecaawem———mma—————— 9, 000 7, 200 41
B e cvom———— e —nan—— 25, 000 17, 600 9

Comparing the values for alloys A, B and C with D
it is apparent that the presence of manganese has an
important effect upon the strength of the alloy for in
its absence the tensile and vyield strengths are consid-
erably reduced. Also, the strength of the cast bars of
alloy E is higher than that of the forged bars.

Typical values for the minimum creep rate and stress
for rupture at 400 and 600° F. of forged, solution heat
treated, quenched and precipitation hardened test bars
of an alloy having a nominal composition of 6% copper,
0.3% manganese, 0.10% vanadium, 0.25% zirconium
and balance aluminum plus impurities are given in Tables
IIT and IV below:

TABLE 111
Creep characteristics at 400 and 600° F.

| At 400° F.
Stress (p. . 1.) for minimum rate of—

At 600° I.

Stress (p. s. i.)
for minimum
creep rate of—

o

el

0. 000001 0.00001 { ©.0001 ~0.001 _ 0.0001
in./in./hr, in./in./hr. | in.fin./br. | in.fin./hr. in.fin./hr.
{ 20,000 23, 000 25, 000 28, 000 10, 000
TABLE IV
Stress rupture characteristics at 400° F. and 600° F.
At 400° F. At 600° T,
Stress (p. s. 1.) for rupture | Stress (p. 8.1.) for
: in— rupture In—
| 10 Hrs. | 100 Hrs. |1,000 Hrs.| 100 Hrs. | 000
30, 000 26, 000 23, 0600 12,000 8, 000

The fatigue values for tests at 400° F. on solution heat
treated, quenched and precipitation hardened forged test
bars of alloy A are given in Table V below:
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TABLE V

Fatigue test results at 400° F.

Millions of Cveles for Failure
af Stress of—

12, 000 13, 000 17, 000
p.s. 1. p. s. 1. p.S. 1.
36. 5 30. 7 3.6

Having described my invention and certain embodi-
ments thereof I claim:

1. A magnesium-free aluminum base alloy consisting
of aluminum, 5 to 13% copper, 0.15 to 1.7% manganese,
0.05 to 0.20% vanadium, 0.05 to 0.30% zirconium, and
0.01 to 0.25% of at least one of the elements of the
group consisting of cobalt, nickel, molybdenum, tungsten,
chromium, titanium, boron, tantalum and niobium, the
total amount of said elements of said group not exceed-
ing 0.25% the iron impurity in the alloy not exceeding
0.75%, and the silicon impurity being not over 0.40%,
the amount of manganese being between 3 and 13% of
the copper content.

2. A magnesium-free aluminum base alloy consisting
essentially of aluminum, 5 to 13% copper, 0.15 to 1.7%
manganese, 0.05 to 0.20% vanadium, and 0.05 to 0.30%
zirconium, the iron impurity in the alloy not exceeding
0.75% and the silicon impurity being not over 0.40%,
the amount of manganese being between 3 and 13% of
the copper content, said alloy having a higher tensile
strength and resistance to creep at elevated temperatures,
on the order of 400 and 600° F., than the same alloy
devoid of said manganese, vanadium and zirconium com-

ponents.

3. A magnesium-free aluminum base alloy consisting
essentially of aluminum, 5 to 9% copper, 0.15 to 1.20%
manganese, 0.05 to 0.15% vanadium and 0.05 to 0.25%
zirconium, the iron impurity in the alloy not exceeding
0.50% and the silicon impurity being not over 0.30%,
the amount of manganese being between 3 and 13%
of the copper content, said alloy having a higher tensile
strength and resistance to creep at elevated temperatures,
on the order of 400 and 600° F., than the same alloy
devoid of said manganese, vanadium and zirconium com-
ponents.

4. A solution heat treated and precipitation hardened
magnesium-free aluminum base alloy consisting essen-
tially of aluminum, 5 to 13% copper, 0.15 to 1.7% man-
ganese, 0.05 to 0.20% vanadium and 0.05 to 0.30% zir-
conium, the iron impurity in the alloy not exceeding
0.75% and the silicon impurity being not over 0.40%,
the amount of manganese being between 3 and 13%
of the copper content, said alloy having the internal
structure developed by a solution heat treatment at 960
to 1000° F. for a period of 2 to 24 hours and a precipita-
tion hardening treatment at 350 to 450° F. for a period
of 1 to 50 hours, said solution heat treated and precipita-
tion hardened alloy having a higher tensile strength and
resistance to creep at elevated temperatures, on the order
of 400 and 600° F., than the same alloy devoid of said
manganese, vanadium and zirconium components.
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