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SYNOPSIS

Results of exposures of short-transverse specimens of X7050 plate in an

inland industrial atmosphere and a seacoast Al
atmosphere for up to 840 days were analyzed0  A
and compared with results of similar
exposures of 7075-T6 and 7079-T6 plate and
with results of prior exposures in the 3.5%
NaCI alternate immersion test. Alloy X7050
plate developed substantially higher resist-
ance to stress-corrosion cracking than 7075-T6
and 7079-T6 plate of equal strength levels.
A 30-day exposure in the 3.5% NaCl alternate
immersion test appeared to be a conservative
indication of atmospheric stress-corrosionI resistance.

S~An X7050-T7352 hand forging and

two XT050-T736 die forgings were fabricated,
and properties were compared with those of
7075-T6 and 7079-T6 forgings. The X7050
forgings developed equal or higher strengths
and fracture toughnessi compaiable fatigue
strengths, and substantially higher resist-
Sance to stress-corrosion cracking.

Effects of isothermally aging X7050
plate at 300 F or 325 F and of preceding the
age at 325 F by a pre-age at 250 F were
determined. .Aging conditions had no effect
on the relationship between strength and notch-
toughness, b~t preliminary results of atmospheric
exposures sfgest that isothermal aging at 325 F
provided th4 best combination of strength and
resistance to stress-corrosion cracking. Tests
to verify the effects of isothermal aging were
inconclusive because of the non-criticcl grain
structure of the die forging used, so additional
work Is needed,

NII
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BACKGROUND AND OBJECTIVE

This investigation is an extension of work initiated

under Centracts N00019.-68-C-014E, 1 N00019-69-C-0292, 2 and

N00019-70-C-0118.3 The object is to develop a high-strength

aluminum alloy which has a high resistdnce to stress-corxosion

cracking.

Results of work completed for Contract N00019-69-C-0292

indicated that alloys containing 5.8-7% Zn, 2.0-2.5% Mg,

2.1-2.5% Cu, 0.09-0.15% Zr, 0.12% max. Fe, and 0.10% max. Si

developed an attxactive combination of strength, resistance to

stress-corrosion cracking based on 60-day 3.5% NaC1 alternate

immersion test results, hardenability in thick sections, and

high short-transverse ductility. Results of work completed for

Contract N00019-70-C-0118 confirmed that 1" to 6" thick plate

of X7050 (previously MA15), an alloy within the composition range

indicated above, demonstrated a better combination nf strength,

fracture toughness, and resistance to stress-corrosion cracking*

than that posset.sed by established commercial aluminum alloy

plate.

The object of this contract was threefold: (1) monitor

and analyze performance of specimens exposed in the atmosphere

during previous contracts, (2) produce forgings of X7050 for

evaluation by Alcoa and by airframe manufacturczs, and (3)

investigate precipitation heat-treatment practice for X7050.

*Based on 84-diy 3.5% NaCl alternate immersion test results and
preliminary results of atmospheric exposure.
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ANALYSIS OF ATMOSPHERIC EXPOSURE DATA

Specimens Exposed During
Contract N00019-69-C-0292

In this contract, alloys containing 5.8 to 7.4% Zn,

2.0 to 2.5% Mg, 2.1 to 2.7% Cu, with either separate or combined

additions of Zr, Mn, and Cr were investigated as two-inch thick

plate. Resistance to stress-corrosion cracking was evaluated

using 1/8" diameter, short-transverse specimens exposed in the

3.5% NaCl alternate immersion test and in the industrial

atmosphere at New Kensington, Pennsylvania. Because of the long

exposure time needed to cause failure in a natural environment,

results were analyzed on the basis of a 60-day exposure in the

accelerated test.

Interpretation of these results was not straightforward

because metallographic examination of many specimens which

fractured during the 3.5% NaCl alternate immersion test revealed

transgranular cracking emanating from r.Ltes of deep localized

corrosion and did not reveal characteristic evidence of

intergranular stress-corrosion cracking. Using results of

metallographic examination and times to fracture as criteria,

performances of stress specimens were categorized as follows:

1. Susceptible to Stress-Corrosion Cracking

2. Probably Resistant to Stress-Corrosion Cracking

3. Questionable Resistance to Stress-Corrosion Cracking

Based on this interpretation, Al-Zn-Mg-Cu-Zr alloys

were selected for additional work which culminated in the

development of alloy X7050. Alloys that contained Mn or Cr,II
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but did not contain Zr, were not investigated further because

they appeared to develop a less attractive combination of

properties.

Exposure time on the specimens exposed in the New

Kensington atmosphere now exceeds two years, so the data were

analyzed to determine if accelerated and natural environment

tests ranked the alloys in the same Ranner.

Results of exposure in the New Kensington atmosphere

of 1/8" diameter short-transverse orientation tensile specimens

are presented in Table 1 through 9. Chemical analyses are also

given in the tables.

Because of the large number of specimens exposed,

over 700 in each envircnment, the data were conveniently

analyzed using a "percent survival" basis. A computer was

used to assist analysis of results as a function of test

environment and duration, aFplied stress, yield strength, and i
heat treatment conditions. Specimens from plate aged 24 hours at

250 F were not included. Preliminary analysis of the data

revealed that solution heat treatment practice had no effect on

stress-corrosion performance. Consequently, results of

material solution heat treated using different practices were

combined.

Data from NAVAIR alloys 4, 6, 7, and 10 (X7050-type)*

and NAVAIR alloys 3, 5, 8, and 9 (zirconium-free) were

analyzed separately. Percent survival of specimens stressed to

a given level was determined as a function of time in test

*ZL content of NAVAIR 10 exceeds limits of X7050 by 0.3% and Mn
content of NAVAIR 7 exceeds limits of X7050 by 0.05%.
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(Appendix I). Graphs relating survival percentage with time

in the New Kensington atmosphere (Figures 1, 2, and 3) strongly

indicate that performance of the X7050-type alloys exceeded

performance of the NAVAIR alloys which did not contain zirconium.

The plot of percent survival versus applied stress in

Figure 4 summarizes the data in Figures 1-3 after an exposure

period of 840 days. This figure also reveals the superior

parformance of the X7050-type alloys.

Performance in the 3.5% NaCl alternate immersion test

was also evaluated using a percent survival criterion (Appendix II). I

The plots in Figures 5 and 6 of applied stress versus percent

survival after either 840 days in the New Kensington atmosphere

or 30 days in the 3.5% NaCl alternate immersion test indicate

that the accelerated test was more severe than the exposure in the

natural environment.

Results of prior stress-corrosion tests on 1.75" to 3.0"

thick 7075-T6 and T651 plate, 1.75" to 3.0" thick 7075-T73 and

T7351 plate, and 2.0" to 5.0" thick 7079-T6 and 7079-T651 plate

were analyzed for comparison (Appendix III). Percentages of

specimens that survived either 30 days in the 3.5% NaCl alternate

immersion test or 840 days in the New Kensington itmosphere were

determined as a function of applied stress (Figures 7 and 8).

Performance of the X7050-type alloy plate aged to Fhort-transverse

yield strengths comparable to strengths of 7075-T6 and 7079-T6

substantially exceeded performances of 7079-T6 and 7075-T6 plate

in either environment. Performance of X7050-type plate at a

A
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stress level of 25 ksi equaled that of 7075-T73 plate in both

environments, but performance near 40 ksi was slightly lower in

the natural environment and even lower in the accelerated test.

Strength of the 7075-T73 plate, however, was about 7 ksi lower

than strength of the 7075-T6 plate. These results confirm that

X7050-type alloy plate develops a substantially more attractive

combination of strength and resistance to stress-corrosion

cracking than that available in commercial alumninum plate.

To enable comparisons of stress-corrosion performance

at equal yield strengths, the following procedure was employed.

Data were arranged in order of increasing short-transverse yield

strength as in Appendix IV, Tables 1 and 2. Cumulative number of

specimens that survived, Scum, (starting at the highest strength)

and cumulative number of specimens that failed, Fcum, (startin•i at

the lowest strength) were determined. Cumulative percent survival,

S /(S + Fu) x 100, was calculated and plotted on normalcumi cuM cum

probability paper versus yield strength (Appendix IV, Figures 1 and

2), and a straight line which passed through the points was drawn.

Percent survival was 1-alculated in this manner for NAVAIR

4, 6, 7, and 10 and NAVAIR 3, 5, 8, and 9 plate exposed for 840

days in the New Kensington atmosphere at stress levels of 25 ksi,

40 ksi, and 75% of yield strength. Results were compared with

performances of 7075-T6, 7075-T73, and 7079-T6 plate. A summary

of the data in Figure 9 illustrates the superior combination of

strength and resistance to stress-corrosion cracking of the I
X7050-type alloy plate.

i
I



Specimens Exposed During
Contract 100019-70-C-0118

In this contract, 1", 2", 4", and 6" thick plate of

an alloy subseqaently registered as X7050 was fabricated and

heat treated to three experimental tempers designated T6Xl,

T7XM, and T7X2. Tensile properties are repeated in Table 10

for easy reference. Specimens of this material along with

specime;.s of 7075-T651 and 7079-T651 plate have been exposed

in an inland industrial atmosphere and a seacoast atmosphere

for between one and two years according to the schedule in

Table 11.

Performances in the industrial atmosphere at New

Kensington, Pennsylvania, are best illustrated by the graphs of

applied stress versus failure time in Figures J0 and 11. The

data in Figure 10 indicate that stress-corrosion performances

of 1-2" thick X7050-T6Xl plate was thp same as that of 0.8-2"

thick 7075-T651 plate, while stress-corrosion performance of

X7050-T7XI plate exceeded that of 7075-T651 plate. No specimens

of X7050-T7X2 plate failed. Figure 11 compares stress-corrosion

behavior of 4-6" thick X7050 plate with behavior of 5" thick

7079-T6 plate. Performance of X7050-T6Xl plate exceeded that of

7079-T651 plate, and performance of X7050-TTXl plate was even

higher. No specimens of 4-6" thick X7050-T7X2 plate failed.

Because specimens are not monitored as regularly at

our seacoast exposure station at Point Judith, R. I., as they

are at New Kensington, Pennsylvania, stress-life curves are

not an appropriate method of analysis. Performances can be
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compared, however, by collating the percent survival versus A

applied stress. The data presented in Figure 12 indicate that

the performance of X7050-T6X1 exceeded that of 7075-T651 (note

that all 24 of the specimens of 7075-T651 had failed within 66

days). The performance of X7050-T7X2 approached that expected

of 7075-T7351 from previous tests, and the performance of

X7050-T7XI was intermediate.

FORGING EVALUATION

Three forgings were selected:

1. Hand forging, 6" x 12" x 40"

2. Die forging. Boeing landing gear side strut.
Alcoa die 8457 (Figure 13)

3. Die forging. McDonrell-Douglas nose landing
gear cylinder. Alcoa die 15093 (Figure 14)

McDonnell-Douglas Aill evaluate the nose landing

gear cylinder and will put some in service.

Grumman evaluated the hand forging and machined main
landing gear uplock supports from 3-1/4" x 5-1/8" x 6-3/4" pieces

sawed from the hand forging and installed them on eight A6

aircraft for service experience.

Alcoa evaluated the landing gear side strut and compared

some properties of the hand forging and the other die forging

with properties of standard alloy forgings.

Hand Forging

The 6* x 12" x 40" X7050 hand forging was heat treated

to the T7352 temper at the Cleveland Forge Plant. It was solution

heat treated at 890 F, quenched in water at 100 F maximum,

--- -- V



-8-

stress-relieved Zy compression in the 6" dimension, and aged

24 hours at 250 F followed by 8 hours at 350 F.

A 6" x 12" x 10" portion was removed for preliminary

evaluation at the Alcoa Research Laboratories. Properties were

compared with properties of a 6" x 12" x 36" 7079-T652 hand

forging. Tensile properties were evaluated using duplicate

longitudinal, long--transverse, and short-transverse specimens

taken midway between forged surfaces. Fracture toughness in

the transverse directions was evaluated using duplicate T-S

and S-L compact fracture toughness specimens (Ficures 15 and 16).

Properties are presented in Table 12. Strength of the X7050-T7352

forging, especially the yield strength, exceeded that of the

7079-T652 forging, but elongation values in the transverse

directions were lower than the elongation values for 7079-T652.

Despite the lower elongation, KIc values of X7050 in the transverse

direction exceeded K.c values of 7079-T652 b-7 10-25%.

Resistance to stress-corrosion cracking of the X7050

hand forging was evaluated using 1/8" diameter short-transverse

specimens removed midway between forged surfaces and stressed as

previously described-' Initially, duplicate specimens were

stressed at 45, 40, 35, 30, and 25 ksi, and were exposed four

days in a boiling aqueous solution of 6% NaCI. All specimens

survived the test, so the forging was sent to Grumman.

Results of the evaluation by Grumman are presented in

Appendix IV. Several differences between results of tests at

Alcoa and at Grumman were observed. One difference was in the

tensile properties. Strengths determined by Grumman were higher
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than those determined by Alcoa, and test specimen location

appears to be responsible. Whereas Alcoa removed specimens

from the interior of the forging, Grumman removed specimens at

various locations within the forging. Strengths of specimens

taken from near the forged surfaces would probably be higher

than strengths of specimens taken near the midpiane of the

forging because of the higher quench rate near the surface and

because of differences in amount of work through the thickness.

Another difference is in fracture toughness. Kic

values determined at Alcoa were 3 to 4 ksi i5i7. higher than

those determined at Grumman. Specimen location may also have

been responsible for this difference.

Stress-corrosion performances as determined at Alcoa

and Grumman could not be compared initially because of difference

in test procedures. Alcoa stressed specimens at 25 to 45 ksi

and exposed thein in a boiling 6% salt solution; Grumnan stressed

specimens at 51 and 57 ksi and exposed them in a 3.5% NaCl

solution by alternate inmnersion. After results of Grunmman's

tests were reported, additional SCC tests were perfamed at

Alcoa. Sets of duplic-te 1/8" diameter specimens were stressed

at 45 and 54 ksi and were exposed in a boiling 6% salt solution

for 4 days. All specimens survived. In addition, sets of

duplicate 1/8" diameter specimens were stressed at 35, 45, and

54 ksi and were exposed in the 3.5% NaCl alternate itmuersion

test according to Federal Test Method 823. All specimens survived

for 30 days, and the test is continuing. In comparison, specimens

from the 7079-T652 forging that were stressed at 25 to 45 ksi

failed in the alternate immersion test within two days.



Alcoa Die 8457

This forging was heat treated to the T736 temper by

quenching into 150 F water from the solution heat treatment

temperature of 890 F, followed by aging 24 hours at 250 F plus

12 hours at 350 F.

d e Tensile properties were evaluated using duplicate 1/2"

diameter longitudinal specimens taken at the parting plane along

the centerline of the forging at three locations and duplicate

1/8" diameter short-transverse specimens taken adjacent to the

forged surface at the flange. Results (Table 13) reveal that

properties were constant along the length of the forging.

Strengths were comparable to strengths of 7079-T6 forgings.

Fracture toughness was determined using duplicate L-T

and S-L orientation compact tension fracture toughness specimens

taken midway between forged surfaces. Results are compared with

results of previous tests of 7079-T6 forgings in Table 14. Kic

values exceeded those of 7079-T6 by 50%.

Resistance to stress-corrosion cracking was evaluated

using 1/8" diameter tension specimens bisected by the parting

plane and removed from the flange as closely as possible to the

outer surface. Sets of duplicate specimens stressed at 25, 30,

35, 40, and 45 ksi surv-"ed the four-day exposure by continuous

immersion in a boiling solution of 6% NaCl and 30-days exposure

in the 3.5% NaCl alternate immersion test according to Federal Test

Method 823. Grain configuration at the specimen location (Figure

17) is the type that usually provides a severe test of resistance

to stress-corrosion cracking.
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Fatigue performance was evaluated using smooth and

notched (Kt = 3) longitudinal specimens axially stressed at a

stress ratio (minimum stress/maximui.r stress) of 0.0. Stress-

life curves are compared in Figures 18 and 19 with bands for !
alloy 7075 products. Fatigue strengths were comparable with those 1

of 7075-T6 and 7075-T73.

Alcoa Die 15093

Properties of an .-X7050-T736 forging heat treated as

previously described for the other X7050-T736 die forging were

compared with properties of 7075-T6 and 7075-T73 forgings. Macro-

structures of cross-sections of the barrel and a strut (Figures 20,

21, and 22) of the tnree forgings were comparable,,

Results of tension tests of specimens taken from 26

locations (Figure 23) in the X7050-T736 die forging are compared

in Table 15 with results of tests of specimens of the 7075-T6

and 7075-T73 forgings that were fabricated for comparison. Average

properties are compared in Table 16. Average yield strength of

the X7050-T736 forging equaled that of the 7075-T6 forging, while

average tensile strength was 2 ksi lower. Average elongation

values of the X7050-T736 forging exceeded average values of both

P. 7075-T6 and 7075-T73 forgings.

The data were analyzed additionally by statistically

comparing properties of the X7050-T736 forging with properties

of a total of three 7075-T6 forgings. At the 95% confidence

level, average yield strengths were not significantly different

while the variance in yield strength of the X7050-T736 forging was

4J
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significantly lower than that of the 7075-T6 forgings. In

addition, elongation values of the X7050-T736 forgings were

significantly higher, while the variance in elongation was

not significantly different from that of the 7075-T6 forgings.

Fracture toughnesses of the X7050-T736, 7075-T6, and

7075-T73 forgings were determined using duplicate L-T and T-L

compact tension fracture toughness specimens and 0.10" thick

tear specimens 6 (Firure 24) from the barrel. Results (Table 17)

indicate that X7050-T736 developed higher transverse toughness

than 7075-T6 at comparable strength and developed transverse

toughness equal to that of 7075-T73 at higher strength. Longi-

tudinal toughness of X7050-T736 and 7075-T73 cculd not be determined

because of specimen thickness limitation.

Stress-corrosion resistances of the X7050-T736, 7075-TS,

and 7075-T73 forgings were determined using 1/8" diameter tension

specimens taken acrcss the parting plane of the forging in the

barrel and in the struts and 5.4" diameter C-rings (Figure 25)

stressed at the parting plane on the inside diameter (Table 18).

Stress-corrosion performance in the 3.5% NaCI alternate immersion

test according to Federal Test Method 823 (Table 19) confirms the

low resistance to stress-corrosion cracking of the 7075-T6 forging.

No specimens of either X7050-T736 or 7075-T73 have failed as of

32 days, and the test is continning.

Axial fatigue characteristics were not determined on

this forging because our standard specimen size could not be

removed from the barrel. An X7050-T736 forging in Alcoa die

i
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15093 that had not been bored prior to solution heat treatmunt was

available, however, so fatigue tests were performed using specimens

taken from the barrel. Stress-life curves for smooth and notched

(Xt M 3) specimens tested at stress ratios of +0.5, 0.0, and -1.0

are presented in Figures 26 and 27, and data for the specimens

tested at a stress ratio of 0.0 are presented in Figures 28 and 29 H
along with the data for die forging 8457. These data indicate that

the smooth fatigue resistance is comparable with that of 7075-T6.

Notch-fatigue resistance was at least as good as that of 7075-T6 ii! ~and 7075-T73. 1

and Fatigue performance of X7050 was initially surprising. j
Whereas current test results indicated that fatigue strengths of

X7050 were no higher than fatigue strengths of 7075-T6, previous

tests at the U. S. ..avy Laboratory using 0.4 sq. in. cross-

sectional area smooth specimens tested at a stress ratio of 0.25

indicated that fatigue strengths of X7050 plate substantially

exceeded fatigue strengths of 7075-T651 and 7079-T651 p.ate.-

Results of the Navvs tests were compared with other

tests to help resolve the apparent anomaly. Goodman diagrams were

constructed (Figures 30 and 31) from Alcoa's tests on X7050-T736

in dies 8457 and 15093, from Grumman's tests on an X7050-T73

hand forging, and from the Navy's tests on X7050 plate. The data

in Figure 30 strongly indicate that the performance of X7050 in

all of the laboratories was comparable, regardless of specimen

•iza. R.. ts of similar analyses comparing fatigue performance

of the 0.4 sq. in. cross-sectional area specimens of the 7075-T6

I'

- - _ _____ _____i §
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and 7079-TC plate with prior Alcor data, however, indicated that

fatigue strenghs determined by the Navy were lower than those

determined at Alcoa.

Examination of orner Navy tests 5 on the same 7075-T651

and 7079-T651 plate indicates that relative sensitivity to fatigue

specimen size may be the reason for the relative difference in

performance of X7050 and the standard alloys. Although fatigue

performances of the standard alloys in the 0.4 sq. in. area

specimen size were below performances of the standard alloys in

prior Alcoa tests (0.07 sq. in. area), fatigue performances of 0.04

sq. in. area specimens were comparable with prior Alcoa data. More-

over, fatigue strengths of 4.0 sq. in. area specimens were even lowe--

than strengths of the 0.4 sq. in. area specimens. These Navy results

strongly indicate that fatigue strengths of alloys 7075-T6 and

7079-T6 substantially decrease with increasing specimen size. More-
over, the work with X7050 indicates that this alloy is not sensitive

to specimen size.

PRECIPITATION HEAT TREATMENT INVESTIGATION

Effects of isothermal precipitation heat treatment time

at 300 F and 325 F and of second-step precipitation heat treatment

time at 325 F after a first step of 24 hours at 250 F on tensile

properties, notch toughness, and resistance to stress-corrosion of

X7050 plate were determined. Effects of isothermal aging tempera-

tures from 300 F to 360 F on tensile properties and resistance to

stress-corrosion cracking of an X7050 die forging were also I
determined.



Plate

The 2" x 12" x 72" X7050 plate was solution heat

treated at 890 F, quenched in water at room temperature, stretched

2%, then cut into 18 pieces 21 x 8" x 2-1/2". After 4 days at

room temperature, 6 of these pieces were aged 24 hours at 250 F

with no control on heating rate. Six days after quenching, five

of these pieces along with six other pieces from the same plate were

subsequently heated to 325 F at a constantly decreasing rate to

simulate plant heating practices (5-1/2 hours to 315 F). Pieces

were removed after periods ranging from 2 to 36 hours. The remaining

pieces were heated to 300 F (6-1/2 hours to 290 F) five days after
quenching and were removed after periods ranging from 4 to 128 hours.

Electrical conductivities were measured as previously

described,] and long--transverse and short-transverse orientation

ternsion and notch tension specimens (Figure 32) were removed from

the mid-plane and tested. Tenzile properties, notch toughness and

electrical conductivities are presented in Tables 20 and 21, and

notch-yield ratios are plotted versus yield strength in Figure 33.

Toughness appeared to be related to the yield strength with

relatively little dependence on difference in aging temperature or

whether isothermal or stepped.

Resistance to stress-ccrrosion cracking of items having

electrical conductivities of 36.6t I.A.C.S. or hig!er were deter-

mined. Sets of duplicate specimens were stressed at 25, 30, 35,

40, and 45 ksi and were exposed in the 3.5% NaCl alternate immersion

test for 84 days, in a boiling 6% NaCi solution for 4 days, and in
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the New Kensington atmosphere for 10 months where tests are

continuing. New Kensington tap water and table grade salt were

used in the accelerated tests. Results of the stress-corrosion

tests are presented in Tables 22, 23, and 24.

Effects of precipitation heat treatment practice depended

on test environment. Alternate immersion test data indicate that

pre-aging at 250 F had no effect on resistance to stress-corrosion

cracking of X7050 plate aged at 325 F: SCC performance of plate

aged at 300 F was below that of plate aged to equal strength at 325 F.

Results of the boiling salt solution test were inconclusive, but .A

preliminary results of exposure in the atmosphere suggest that

isotherm•al aging at 325 F provided the best combination of strength

and resistance to SCC. Additional exposure time is needel to

verify this indication.

Several specimens which fr,.;tured after 3 or more weeks

exposure in the alternate immersion test were examined metallo-

graphically to determine if they exhibited the characteristic

evidence of intergranular stress-corrosion cracking. Appearance

appeared to be intermediate between the intergranular corrosian

and intergranular cracking evident in fractured SCC specimens of

7075-T6 and the pitting corrosion and transgranular cracking

evident in the infrequently observed fractures of 7075-T73 SCC

specimens in agressive accelerated tests.

Alcoa Die 783

A 9" diameter ingot was Qirect chill cast from a melt

having the composition given in Table 25. After a 30-hour preheat

U
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at 900 F, it was scalped to 8-1/2" in diameter, reLeated tc 825 F,

and extruded to 2-5/8" diameter rod. Sections of the rod were

reheated to 800 F and forged in Alcoa die 783 to the shape illus-

trated in Figure 34. These die forgings were solution heat treated

6 hours at 890 F and quenched in water at 80 F. The forgings were

sawed in half in the tranaverse direction and were aged at 300 F P

to 360 F after 4 days at room temperature. Rate of heating to the j

precipitation heat treatment temperature was controlled at 506F/hr.

Longitudinal tensile properties of all forgings were i
determined using duplicate 0.125" diameter specimens taken from the I

web. Short-transvwerse tensile properties of forgings having longi- I

tudinal yield strengths less than 85 ksi were subsequently determined '

using duplicate 0.125" diameter specimens from the flange centered

on the parting plane and adjacent to the outer surface.

Results are presented in Table 26, and yield strengths

are plotted versus log aging time in Figure 35. The aging reactions

appeared to be isokinetic. The maximum yield strength developed

after aging at any temperature was 88.25 ksi ± 1.25 ksi, and the

slopes of decreasing yield strength versus log aging tIme were the

same for all aging temperatures.

Resistance to stress-corrosion cracking of those forging.:

which developed longitudinal yield strengths less than 85 ksi was

subsequently determined. Ten 1/8" diameter short-transverse speci-

mens were removed as closely as possible to the outer surface of the

flange. Duplicate specimens were stressed at 25, 30, 35, 40, and

45 ksi and were exposed in the 3.5% NaCl alternate immersion test

accordinq to Federal Test Method 823. One specimen failed after 82

days at .tress level of 45 ksi, the remaining 143 specimens

survived the 84-day exposure.
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The SCC performance of this X7050 die forging was

better than the performance of the X7050 plate examined in this -

investigation. This behavior was not anticipated because

the grain flow in the rib-flange-type die forgings is usually

more severe than the grain flow in plate. Cross sections of

the die forging were examined metallographically to determine

grain shape and orientation. This examination revealed that the

grain flow at the SCC specimen location (Figure 36) was not

typical of the grain flow in a similar location in a production

rib-web-type forging, but was more like the grain flow in a

thick hand forging. Consequently, the exceptional combination

of strength and resistance to stress-corrosion cracking is

attributed to this grain structure.

SUMMARY

Specimens Exposed During
Contract N00019-69-C-C292

Initial work ý.ndicated that Al-Zn-Mg-Cu-Zr alloys

containing at least 2% Cu developed an attractive combination

of high strength, low quench sensitivity, and hign fracture

toughness. Resistance to stress-corrosion cracking, based on

accelerated tests, was also indicated to be substantially higher

than that of 7075-T6 and 7079-T6. Analysis during the current

contract of results of stress-corrosion tests in a natural

environment for periods greater than two years cnfirm that

these alloys develop high resistance to stress-corrosion

cracking when aged to the strength level of 7075-T6. This

analysis also indicates that composition limits for Zn and Mn in
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X7050 could be slightly increased without affecting resistance to

stress-corrosion cracking. Previous work indicated, however, that

increasing the amounts of these elements decreases toughness and

increases quench sensitivity. 2

Specimens Exposed During
Contract N00019-70-C-0118

Four thicknesses of X7050 plate were plant fabricated

in three tempers. Stress-corrosion performances in an inland

industrial atmosphere and a seacoast atmosphere for periods up

to 640 days were compared with performances of 7075-T651 and

7079-r65! plate. Results confirm that X7050 developed a

substantially better combination of strength and resistance to

stress-corrosion cracking.

Forging Evaluation

An X705'-T7352 hand forging developed higher strength

and substantially higher resistance to stress-corrosion cracking

than 7079-T652 forgings and developed fracture toughness and

§ f fatigue strength comparable with the values for other high

strength 7XXX aluminum alloys.

A heavy rib-web-type X7050-T736 forging developed

strength equal to that of 7079-T6 forgings, substantially higher

fracture toughness, and comparable fatigue strengths.

An X7050-T736 nose landing gear cylinder developed

strength equal to that of 7075-T6, higher toughness, and comparable

fatigue strengths.

Precipitation Heat Treatment I
Based on preliminary results of atmospheric exposures, '

--- -
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X7050 plate isothermally aged at 325 F developed a more attractive

combination of strength and resistance to stress-corrosion cracking

than plate pre-aged at 250 F before the aging treatment at 325 F.

Isothermal aging at 300 F provided a less attractive combination.

Notch toughness was directly related to strength and was not affected

hy the aging conditions evaluated.

A laboratory-produced X7050 die forging developed an

unusually attractive combination of high strength and resistance

to stress-corrosion cracking. The high resistance to stress-

corrosion cracking is attributed to the low directionality of the

grain structure at the test specimen location.

CONCLUSIONS

1. Alloy X7050 plate aged to the strength levels of 7075-T6 and

7079-T6 plate developed substantially higher resistance to

stress-corrosion cracking in accelerated and natural

environments.

2. An X7050-T7352 hand forging and X7050-T736 die forgings

having strengths equal to or higher than strengths of 7075-T6

and 7079-T6 forgings developed substantially higher resistance

to stress-corrosion cra~king in accelerated tests.

3. These X7050 forgings also developed fatigue strengths comparable

to those of 7075-T6 and 7075-T73 and fracture toughness higher

than that of 7079-T6 and 7075-T6.

4. Pre-aging X7050 plate at 250 F before aging at 325 F is not

required, and may even be detrimental.
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5. Fatigue performance of X7050 may not be as sensitive to

specimen size as fatigue performance of 7075-T6 and 7079-T6.

6. A 30-day exposure in the alternate immersion test appears

to be a conservative evaluation of resistance to stress-

corrosion cracking of X705C plate in the atmosphere.

RECOMAENDATIONS

1. Continue service trials of X7050.

2. Determine effects of aging conditions on X7050 using die

forgings which have a high degree of grain directionality.

3. Develop heat treating practices for X7050 extrusions to

develop optimum combination of itrength and resistance to

exfoliation corrosion and stress-corrosion cracking.

4. Continue surveillance of X7050 stress-corrosion specimens

in natural environments.

IA
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APPENDIX I

Percent Survived vs Days In
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APPENDIX II

Percent Survived vs Days in
3.5% NaCI Alternate Immersion Test

Short-Transverse Specimens from
Two-Inch Thick Plate of

NAVAIR Alloys 3 Through 10

Data Selected on Basis of Alloy
and Short-Transverse Yield Strength

Test Period = 60 Days
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APPENDIX III

Percent Survived vs Days in
New Kensington Atmosphere or

3.5% NaCl Alternate Immersion Test

Short-Transverse Specimens from
1.7` to 3.0" Thick 7075-T6 and

7075-T651 Plate and 2.0 to 5.0" Thick
7079-T6 and 7079-T651 Plate

4

Data Selected on Basis of Alloy,
Temper, Product, and Thickness

Test Period New Kensington Atmosphere 840 days

Test Period Alternate Immersion Test - 60 days
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APPENDIX IV

Percent Survived vs Short-Transverse Y.S.

Short-Transverae Specimens from
Two-Inch Thick Plate of

NAVAIR Alloys 3 through 10

Data Selected on Basis of Alloy,
Exposure Time, and Test Environment

840 days New Kensington, Pennsylvania
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APPENDIX V
GRUMMAN INTER-OFFICE MEMORANDUM

FROM: G. Hilton Metallurgy/Welding 12 7351 DATE 28 September 1971.

NAME GROUP NO.& NAME PLANT NO. EXT.

4TO: NO. M&P/MWE-1-IM-71-102
F. T. I-ain, Jr.

SUBJECT: RESULTS OF MECHANICAL PKP-E1,TY FTESTS FEBFOm,.ED ON ALCOA ALLOY IIA-15 (7050)

The mechanical property evaluation of a hand forged billet of ',!A-15
(7050) has been complezer and the foll.owing properties have been measured
in the direct-ons indicated.

Property Direction

Tensile L, LT, ST

Toughness TR, WT

Fatigue LT

Stress Corrosion ST

All coupons were marhined from a 6" x 12" x 6" rectan.-Oar set~tion
renoved approximately 3" from the end of a 6" x 12" x 28" hand forged
billet. The material had been supplied by Alcoa solution heat treated
and artifically aged to the -T7352 temper as part of an alloy data exchange

program.

Tensile Prorertv

Tensile vrorerties were determined for all three orthogonal dire(:ticns
using a 1/'4" round couton with a 1/2" gage leng-th (T7S 5307). The
follo-wing data are the average of the values from three coupons from
each direction.

Direction Fty Ftu Elong % R.A.

Longitudinal 74.2 ksi 79.7 ksi 12.7 13.0

Long Transverse 73.4 ksi 79.5 ksi 3.5 5.3

Short Transverse 71.6 ksi 79.0 1si 4.1 3.8

All coupons were maken from random locations through the thickmess
dimension. The results appear to be higher than rreviously published
tensile values for forgings with a corresponding decrease in elongation
and reduction of cross section area values.

Touzhness 21
The plane strain fracture toughness of the alloy was evaluated by means
of six compact coupons (2 1/2" x 2 1/2" x 1" per TGS 1094-1). While

116v R1v.1



IhMEfOFFTCE MEMORANDUM 28 September 1971
-2-

G. Hilton to F. T. Main, Jr. M&P/M'JE-l-LM-71-102

Toughness (Continued)

coupons taken from the WT direction yielded typical valid load-compliance
traces, those from the TL direction displayed excessive non-linearity
and the toughness values for them were based on :,aximum load. All
fracture faces appeared flat with no appreciable shear lip fozmation.

Direction Kic (avg of three values)

WT 25.5 ksi in
TL 18.1 * ksi #Tn

* KQ value based on P max.

The toughness results from the WT direction are comparable to published
data on 6" plate stock tested in the WL direction (crack propagation
in the same plane but in the longitudinal direction rather than the
thickness direction). The results from the TL direction while not
precisely qu"ntative, indicate lower toughness properties in this direction
which is typical. Published toughness valuec for 7075 and 7079 are approx-
imately 21 and 20 ksi fl-n for the above directions.

Tension fatigue coupons (T's 105O2 I/h" dia. x 1" long cylindrical test
section) were maýhined from tY long transverse direction of the billet
and tested at stress levels beuween 55 and 32 ksi at a stress ratio of
0.1. The results, shown in Fiure 1, compare favorably with 7000 series
alloys tested under similar conditions.

Stress Corrcs-on

The resistance tn stress oc'orrosion attack in an alternate im.ersion
3 1/2% sodium chloride solution was evaluated using a snall rectangular
strossing frame. Six coupons (TOS 1001 1/3" x 1/4" x 3/4" test
section) whose axes were in the short transverse direction were loaded
to 7)% or 80% of their short transverse yield strength in the frame
and placed in the test rig. The exposure cycle consisteo of 10 minutes
in the AS'f4 synthetic sea water solution and 50 minutes ir laboratory
air fr drying. Although the coutons were checked daily for obvious
sign of failure, the elastic coating applied to the ends of the coupon
and the stressing frame would restrain any appreciable relaxation of
a failed coupon. This condition would tend to mask the exact time of
coupon failure.

S-.stained Load Le,,;e. Time to Failure (Days)
(% o" Short Trans. Fty)

70% 38, 64, and 74
80% 21, 28, and 36



IIE- .. .. ,2 28 September 1971
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G. Hilton to F. T. Mzin, Jr. &P/E-I-±M-T1-102

All coupons contained some evidence of inter~ranular attack associated
with the fracture together with varying amounts of surface attack (pitting).
The relative degree of pittir; was proportional to the length of time in
the bath rather than the stress level, thus the heaviest pitting was
detected on the lower stress level coupons. Similar tests on 7075-T6 would
have produced failures within one to seven days if stressed to similar
levels.

The properties evaluated indicated that the alloy compares quite
favorably to other 7000 series alloys with additional benefits of less
tensile property sensitivity to section thickness and greater resistance
to intergranular attack. The use of this alloy in field service will
provide a realistic correlation with laboratory corrosion tests.

GH:Jb

cc: J. Mainhardt
T. Wolfe

P. Adler \ /

J. Greenspan'
A. McRsac
J. Novak

J. Pelles'rino
P. Shaw
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