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FOREWORD

This report presents
results of work sponsored
by the U, S. Maval Air
Systems Commancd under
Contract N00019-71-C-0131.
Mr. R. Schmidt administered
the program. This report
covers the period September 16,
1970 through February 15, 1972.
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Results of exposures of short-
transverse specimens of X7050 plate in an
inland industrial atmosphere and a seacoast
atmosphere for up to 840 days were analyzed,
and compared with results of similar
exposures of 7075-T6 and 7079-T6 plate and
with results of prior exposures in the 3.5%
NaCl 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—corrosion
resistance.

A

An X7050-~T7352 hand forging and
two X7050-T736 die forgings were fabricated,
and properties were compared with those of
7075-T6 and 7079-T6é forgings. The X7050
forgings developed equal or higher strengths
and fracture toughness, compatable fatigue
strengths, and substantially higher resist-
ance to stress-corrosion cracking,

S

" Effects of isothermally aging X7050
plate at 300 F or 32% 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 relatlionship between strength and notch-
toughness, but preliminary results of atmospheric
exposures sgtgest that isothermal aging at 325 F
provided the best combination of strength and
resistance to stress-corrosion cracking. Tests

to verify the effects of isothermal aging were
incanclusive because cf the non-critical grain

structure of the die forging used, so additional
work is needed.
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BACKGROUND AND OBJECTIVE

This investigation is an extension of work initiated
under C-ncracts NJ0019-68-C~014€,! NGOC19-69-C-0292,2 and
N00019~70~C-0118.3 The object is to develop a high~strength
aluminum alioy which has a high resistdnce to stress-corrosion
cracking.

Results of work completed for Contract N00019-69-C~0292
indicated that alloys containing 5.8-7% 2n, 2.,0-2.5% Mq,
2.1-2,5% Cu, 0.09-0,15% Zr, 0.12% nax. Fe, and 0.10% max. Si
developed an attractive combination of strength, resistance to
stress-corrosion cracking based on 6§0-~day 3.5% NaCl 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 MAlS5), an alloy within the composition range
indicated above, demonstrated a better combination nf strength,
fracture toughness, and resistance to stress-corrosion cracking*

than that posse:.sed by established commercial aluminum alloy

plate.

The obiect of this contract was threefold: (1) monitor
and analyze performance of specimens expesed in the atmosphere
during previous contracts, (2) produce forgings of X7050 for
evaluation by Blcoa and by airframe ranufacturcrs, and (3)

investigate precipitation heat-treatment practice for X7059.

*Based on 84-Gay 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 NG0019-69-C-0292

In thisg contract, alloys containing 5.8 to 7.4% 2n,
2,0 to 2.5% Mg, 2.1 to 2.7% Cu, with either separate or combined
additions of 2r, 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. Recause 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 speciimens which

fractured during the 3.5% NaCl alternate immersion test revealed

s S
bt

transgranular cracking emanating from = ites 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 Craciting

2. Probably Resistant to Stress-Corrosion Cracking

4 3. Questionable Resistance to Sstress-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,
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but did not contain 2Zr, were not irvestigated further becavse
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 manner.

Results of exposure in the New Kensington atmcsphere
of 1/8" diameter short—-transverse orientation tensile specimens
are presented in Table 1 through 9. Chemical analyses are also
given in the tablieas.

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

4 used to assist analysis of results as a function of test

1 environment and duration, arplied stress, yield streagth, and

heat treatment conditions. Specimens from plate aged 24 hours at
250 F were not included. Preliminary analysis of the cdata
revealed that solution heat treatment practice had no effect on

stress-corrosion pcrformance. Conseguently, results of

material sol-ation heat treated using different practices were

E 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

L e A T ANt LAl gl e 0040 o Ml M g

*7Z1. 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 performancz 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
pzrformance of the X7050-type alloys.

Performance in tne 3.5% NaCl alternate immersion test
was also evaluated using z percent survival criterion (Appendix II).
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-T6é 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 atmosphere were
determined as a function cf applied stress (Figures 7 and 8).
Performance of the X7050-type alloy plate aged to short-transverse
yield strengths comparable to strengths of 7075~-T6 and 7079-T6
substantially excecded performances of 7079-T6 and 7075-T6 plate

in either environment. Performance of X7050-type plate at 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 tecst.
Strength of the 7075-T73 plate, however, was about 7 ksi lower
than strength of the 7075-T€ 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 aluminum 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, S (starting at the highest strength)

cum’

and cumulative number of specimens that failed, F (starting at

cum’
the lowest strength) were determined. Cumulative percent survival,
Scum/(scum + Fcum) x 100, was calculated and plotted on normal
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 calculated 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

X7050-type alloy plate.
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Specimens Exposed During
Contract N00019-70-C-0118

In this contract, 1", 2", 4", and 6" thick plate of
an alloy subsecgaently registered as X7050 was fabricated and
heat treated tc three experimental tempers designated T6X1,
T7X1l, and T7X2. Tensile properties are repeated in Table 10
for easy reference. Specimens of this material along with
specime.s of 7075-T651 and 7075-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
Kensingtor, Pennsylvania, are best illustrated by the graphs of
applied stress versus failure time in Figures 10 and 1i. The
data in Figure 10 indicate that stress-corrosion performarces
of 1-2" thick X7050-T6Xl plate was the same as that of 0.8-2"
thick 7075-T651 plate, while stress-corrosion performance of
X7050-T7X1 plate exceeded that of 7075-T651 plate. No specimens
of X7050-T7X2 glate failed. Figqure 11 compares stress-corrosion
behavior of 4-6" thick X7050 plate with behavior of 5" thick
7079-T6 plate. Performance of X7050-T6X1l plate exceeded that of
7079-T651 plate, and performance of X7050-T7Xl plate was even
higher. No specimens of 4-6" thick X7050-T7X2 plate failed.

Because specimens are nut 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 i é
applied stress. The data presented in Figure 12 indicate that i i
the performance of X7050-T6X1 exceeded that of 7075-T651 (note %
that all 24 of the specimens of 7075-T651 had failed within 66 i P

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

D,

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

LTI N

X7050-T7X1 was intermediate.

FORGING EVALUATION

Three forgings were selected: ;
1. Hand forging, 6" x 12" x 40" f

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) .3

McDonnell-Douglas vii. 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 é
sawed from the hand forging and installed them on eight A6 j
aircraft for service experience. ; E

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

il

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

heat treated at 890 F, quenched in water at 160 F maximum, :
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stress-relieved Dy 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 €" 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 tcughness in
the transverse directions was evalueted using duplicate T-S

and S-L compact fracture toughness specimens (Figures 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, KI values of X7050 in the transverse

c
direction exceeded Kie values of 7079-T652 bv 10-25%.

Resistance to stress-corrosion cracking of the X7050
hand forging was evaluated using 1/8" diameter short-transverse
specimens removed midwzy 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% NaCl. 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

2
E
4

Lot s M g bl 3 i

o

£
=
3
=




than those determined by Alcoa, and test specimen location
appears to be responsible. Whkereas Alcca 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 Alcma were 3 to 4 ksi /In. 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 aot be compared initially because of difference
in test procedures. Alcoa stressed specimens at 25 to 45 ksi
and exposed them in a boiling 6% salt solution; Grwumman stressed
specimens at Si and 57 ksi and exposed them in a 3.5% NacCl
solution by alternate immersion., After results of Grumman's
E tests were reported, additional SCC tests were performed at
Alcoa. Sets of duplicite 1/8" diameter specimens were stressed

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

. . " ol Tl
R Kt L WA, Y

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 aiternate immersion

¢ 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.
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Al.coa Die 8457

This forging was heat treated to the T736 temper by
quenching into 150 F water from the solution heat treatment
temperature of 89¢ F, follewed by aging 24 hours at 250 F plus
12 hours at 350 F.

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 lencth of the forging.
Strengths were comparable ¢o0 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-T6é forgings in Table 14. KIc
values exceeded those of 7079-Té 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 surviwved 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

i s S g

notched (Kt = 3) longitudinal specimens axially stressed at a ]
stress ratio (minimum stress/maximum =stress) of 0,0, Stress- 3

life curves are compared in Figures 18 and 19 with bands for

alloy 7075 products. Fatigue strengths werxe comparable with those

of 7075-T76 and 7075-T73.
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Alcoa Die 15093

Properties of an X7059-T736 forging heat treated as

D s D by e

&

previously described for the other X7050-T736 die forging wexe ]

iy e

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

structures of cross-sections of the barrel and a strut (Figures 20, 3

21, and 22) of the three forgings were comparable.

Pesults of tension tests of specimens taken from 26

[

b bl gt o i &

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 compariscn. Average
properties are compared in Table 16. Average yvield strength of

the X7050~-T736 forging equaled that of the 7075-T6 forging, while
average tensile strength was 2 ksi lower. Average elongation 2

values of the X7050-T73§ forging exceeded average values of both

b

3 7075-T6 and 7075-T73 forgings.

T

Al i

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 tha X7050-T736 forging was
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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® (Figqure 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 ccuid 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% NaCl 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
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15093 that had not been borad prior to solution heat treatment was

available, however, so fatigue tests were performed using specimens
taken from the barrel. Stress-life curves for smooth and notched
(Kt = 3) specimens tested at stress ratios of +0.5, 0.0, and -1.0
are presented in Figures 26 and 27, and data fcr the specimens
tested at a stress ratio of 0,0 are presentsd in Figures 28 and 29
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-T¢6
and 7075-773,

Fatigue performance of X7050 was initially surprising.
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 sqg. in. cross-
sectional area smooth specimens tested at a stress ratio of 0.25
indicated that fatigue strengiths of X7050 plate substantially
exceeded fatigue strengths of 7075-T651 and 7079-T651 plate.“

Results of the Navy‘s tests were compared with other
tests to help resolve the apparent anomaly. Goodman diagrams were
censtructed (Figures 3C and 31) from Alcoa's tests on X7050-T736
in dies 8457 and 15093, from Grumman's tests on an X7050-T7.,
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

»ize. R. ts of similar analyses comparing fatigue performance

of the 0.4 sq. in. cross—sectional area specimens of the 7075-T6
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and 7079-7{ plate with prior Alcoa data, however, indicated that
fatigue strenghs determined by the Navy were lower thaan those
determined at Alcoa.

Examination of o_her Navy tests® on the same 7075-T651
and 7072-T651 plate indicates that relative sensitivity to fatigque
specimen size may be the reason for the relative difference in
perfcrmance 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 lowex
than strengths of the 0.4 sq. in. area specimens. These Navy results
strongly indicate that fatigue strengths of alloys 7075-T6 anc
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 30¢ 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 plaie were determined. Effects of isothermal aging tempera-
tares from 300 ¥ to 360 F on tensile properties and resistance to

stress-corrosion cracking of an X705C0 die forging were also

determined.
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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 2* x 8" x 2-1/2". After 4 days at
rcom 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 piecés 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
tension 2nd notch tension specimens (Figure 32) were removed from
the mid-plane and tested. Tencile properties, notch toughness and
electrical conductivities are presented in Tables 20 and 21, and
notch~yield ratics axe plotted versus yield strength in Figure 33.
Toughness appeared to be related to the yield strength with
relatively little dependence on difference ir aging temperature or
whether isothermal or stepped.

Registance to stress—ccrrosion cracking of items having
electrical conductivities of 35.6% I.A.C.S. or high=r were deter-
mined. Sets of duplicate apecimens were stressed at 25, 30, 35,

40, and 45 ksi and w#ere exposed in the 3.,5% NaCl alternate immersion

test for 84 days, in a boiling 6% NaCl solution for 4 days, and in

B et




the New Kensington atmospliere 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.

Lffects 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 X70t£0 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

preliminary results of exposure in the atmosphere suggest that

bt e 2Ly e e LA Cof b e R S s A a1 R st Y St TRk

isothermal aging at 325 F provided the best combination of strength

b

and resistance to SCC, Additional exposure time is neede l to

verify this indication.

Several specimens which fr._tured after 3 or more weeks
exposure in the alternate immersion test were examined metailo-
gyraphically to determine if they exhibited the characteristic
evidence of intergranular stress~corrosion cracking. Appearance
appeared to be intermediate between the intergranular corrosion
and intergranular cracking evident in fractured SCC specimens of

7075-T6é and the pitting corrosion and transgranular cracking

A MR A NI, S AL D 4o A B A R 0 b 2

evident in the infrequently observed fractures of 7075-T73 SCC

specimens in agressive accelerated tests.

Alcoa Die 783

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

having the composition given in Table 25. After a 30-hour preheat
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at 900 F, it was scalpedto 8-1/2" in diameter, rel.eated 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
gsawed in half in the transverse direction and were aged at 300 F

to 360 F after 4 days at room temperature. Rate of heating to the
precipitation heat treatment temperature was controlled at S0°F/hr.

Longitudinal tensile properties of all forgings were
determined using duplicate 0.125" diameter specimens taken from the
web. Short-transverse tensile properties of forgings having longi-
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 <o the outer surface.

Results are presented in Table 26, and yield strengths
are pletted versus log aging time in Figure 35. The aging reactions
appeared to be isokinetic. The maximun yield strength developed
after aging at any temperature was 88.25 ksi * 1.25 ksi, and the
slopes of ilecreasing yield strength versus log aging time werxre 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 spaci-
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
according 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
rik-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 Expcsed During
Contract N00019-69-C-C292

Initial work ‘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 toc be substantially higher
than that of 7075-T6 arnd 7079~-T6. Analysis during the current
contract of results of stress-~corrosion tests in a natural
environment for periods greater than two years confirm that
these alloys develop high resistance to stress-corrosion
cracking when aged to the strength level of 7175-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

A W

S0 P SO

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

Ak,

increasing the amounts of these elements decreases toughness and ;

increases quench sensitivity.?

PRRITERIEY

Specimens Exposed During
Contract N00019-70-C-0118

W mem ke v

Four thicknesses of X7050 plate were plant fabr.icated
in three tempers. Stress-corrosion performances in an inland

industrial atmosphere and a seacoast atmosphere for periods up

skl o Al P 1S S bt e LRSS AL

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

A

AT

7079-T651 plate. Results confirm rhat X7050 developed a

I

subsctantially better combination of strength and resistance to

stress-corrosion cracking.

Forging Evaluation

An X705°~T77352 hand forging developed higher strength

and substantially higher resistance to stress-corrosion cracking
than 7079-T652 forgings and developed fracture toughness and
fatigue strength comparable with the values for other high

strength 7XXX aluminum alloys.

S5t b BNt st 3o

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

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

dgrain 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 craching 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-T6é forgings developed substantially higher resistance
to stress-corrosion crazking in accelerated testis.

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-Té6.

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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6.

Fatique performance of X7050 may not be as sensitive to
specimen size as fatigue performance of 7075~T¢ and 7079~T6.
A 30-day exposure in the alternate immersion test appears
to be a conservative evaluatior of resistance to stress-

corrosion cracking of X7050 plate in the atmosphere.

RECOMMENDATIONS

Continue sexvice trials of X7050.

Determine effects of aging conditions on X7050 using die
forgings which have a high degree of grain directionality.
Develop heat treating practices for X7050 extrusions to
develop optimum combination of 3trength and resistance to
exfoliation corrosion and stress—-corrosion cracking.
Continue surveillance of X7050 stress-corrosion specimens

in natural environments.
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APPENDIX II

Percent Survived vs Days in
3.5% NaCl 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 ITI

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 7079-7651 Plate

Data 8elected on Basis of Alloy,
Temper, Product, and Thickness

Test Period New Kensington Atmosphere = 840 days

Test Period Alternate Immersion Test = 60 days

o

Pt g g o B 0L v st

padlin st b

et S S bl st

il LDt

st L linte L. o U & 2

AEth D w0




3YIHISONLY NOLINISN3IN M3N ¥04 O3WHOI¥Id 3¥3A SISATYNY 3HL ]

14
W0°E Ol SL°1 = SSINWIIHL ‘¥S 3ILvid ‘3aLVId - $1ON00¥d f91 ‘1591 - S¥3dW3Llg 07 - A0 _

4
b $ 40 SISv8 NO Q312313S viva

% 7,

e°0 €2 0°? 12 9L°11 L1 05°29 91 0%8 _
0°0 €2 0°0 12 9L 11 Ll 05°29 91 018 |
0°0 €2 0°0 12 9L°11 L1 05°29% 91 08L
0°0 €2 0°0 12 9L 11 Ll 95°29 91 0sL ]
0°0 €2 0°0 12 9L°11 L1 0S°29 vl 02L
0°0 €2 0°0 12 9L 11 L1 SL°89 91 069
0°0 €2 0°0 12 9L°11 L 5189 91 099
0°e €2 0°0 12 9L 11 Ly SL°89 91 0€£9 ‘
¢°0 g2 0°0 12 9L 11 L S.°89 91 609 }
0°0 €2 0°0 12 9L 11 L1 SL°89 91 0LS
9°0 €2 0°0 12 3L 11 A sL°89 91 %S !
0°0 €2 0°0 12 S9* L1 Ly SL°89 91 01s
. 0°0 £2 0°n 12 €5°€2 L1 00°SZ 91 08%
3 0°0 €2 0°0 12 n*62 Lt s2°18 91 059
' 0°0 €2 0°0 12 8l°1y L1 SL*E6 91 02%
) 0°0 €2 0°0 12 55°98 22 S9°56 22 06€
i 0°0 £2 0°0 12 854G 2e S%°56 22 09¢€
i 0°0 €2 0°0 12 S§5°45 22 5%°56 22 0€E
] 0°0 €2 0°0 12 %9°€9 22 G%°56 22 00€
t 0°0 €2 25°6 12 81°89 22 6000l 22 oLe
g 0°0 €2 50°61 12 £L°2L 22 oo*o00l 22 04e
0°0 €2 50°61 12 £€L°2L 22 00°001 22 0i2
0°0 €2 18°€2 12 L2 22 00°0ol 22 081
0°0 €2 18°€2 12 28-18 22 00°001 22 0s1
SE*y £2 18°¢2 12 9€°98 22 00-001 22 021
6€°L1 £2 15°82 12 16°06 2e 00°001 22 06
£v°0€ €2 €E°EE 12 SH°S6 22 00001 22 09
25°95 €2 €Y 1L 12 oo*ool 22 00°001 22 1]
03SS¥d Q31S3L 03SS¥d  031S31 03sSvd Q31S34 Q355¥d 03133l 1s34
% *ON % *ON % *ON % *ON NI
SAYQ
10d SiL-SL 13d 05-0% 120 52-62 10d S$1~-G1
038S3¥1S 03SS3nLS 03ss341s 03SS341S

1S31 NI SAVQA °*SA Q3AIA¥NS 1N3DW3Ad

1 31aYL ITI XIANIdAY

L 2o




3UIHISOWLY NOLONISNI¥ M3IN ¥03 G3WHOINId 3H3M SISATYNY 3IHY A

Ww0°S 0L U°C =~ SS3NWDIHL f¥S 31vid ‘3LVvid - S1INGOYUd 91 1581 - SYILWIL BLOL - A0V

b $ 40 SISvA NO G312313S viva
: )
! ]
o . L ,
B o 0°0 st 0°0 02 50°12 61 62°SE Lt 098
: 0°C st 0°0 02 s0°te 61 62°S€ Lt ote
¢ 0°0 st 0°0 02 50°12 6l 62°SE Lt 08L
} 0°0 st 0°0 02 s0°12 61 52°SE LY 0SL _
' 0°0 St G°0 02 s0°12 ol 62°s¢t L1 02 j
X 0°0 st 040 02 5012 6t s2°sE Lt 069 1
W, 0°0 st 0°0 02 5012 61 62°SE L1 099 k
o 0°0 St 0°0 92 so°1e 61 g 1» Ll 0£9
L 0°0 s1 0°0 02 s0°12 61 C L Lt 009
% 0°0 st 0°0 02 sg*te 61 g1°1y L1 0LS
n 6’0 s 0°6 02 Je*92 61 BI*lv L1 0%S
" 0°0 st 0°0 02 2c*92 61 gl L1 01s
't 0°0 st 0°0 02 8G°t€ 61 811y Lt 08%
4 0°0 st 0°0 62 8S°1E 61 8IcIy 11 059 o
1 0°0 St 00 02 8S°1¢ 6t 90°Ly L1 02% P
' 0°0 51 9°0 02 00°S€E 02 00°S5 02 06€ -
o 0°0 51 0°0 02 00°SE 02 00°SS 02 09¢
0°0 st 0°0 02 00°S€E 02 06°0L 02 0€€
0°0 st 0°0 02 00°St 02 00°SL 02 00€ i
0%0 51 0°0 02 00°05 02 00°08 02 0L2 '
0°0 st 0°0 02 00°08 02 00°001 02 0ne
0°0 S 00°01 02 00°S8 02 00°001 02 0tz :
0°0 51 00°SY 02 00°s8 02 00°00t 02 081
00 st 00°St 02 00°58 02 00°001 02 0st
o°e st 00°S! 02 00°06 02 00°061 02 021
0°0 st 00°s2 02 00°S6 02 00°001 02 06
0°0 s1 00°0% 02 00°S6 02 00°007 02 09
00°02 s1 00°0L 02 00°001 02 00°001 02 0€
. 03sS¥d Q31531 03SSvd 031534 03SS¥d  Q31S3L 03SSvd 031831 1531
% *ON % *ON % “ON % *ON NI
SAva
10d s2-SL 124 0S-0S 12d s2-62 19d st1-st
Q3SS394S a3ssS3LS a3ss3yis a35S341S

1€314 NI SAVQ *SA Q3ATAMNS 1N32¥3d
¢ 374Vl IIXI XIAGn224dY

Bl b g L e s W S L ol P S b A S0 ALY N Ao % il A . . G i e

o

oy SR o gy




e

n0°§€ 0L §4°T ~ SS3NUDIHL f4s 31vid ‘31Vid - S.3NGOY¥d *

et th iy Bt ok 0

NOISHIWKWI ILYNNILIVY 304 G3HHOI¥Id 3Y3A SISATYNY 3JHIL

[

0°0 €2 0°0 o€
0°0 €e 0°o0 ot
0°0 €2 0°0 0t
0°0 €e 0°0 ot
0°0 g2 0°o0 o€
0°0 €2 0°0 o€
0°0 £2 0°0 0€
0°0 £e 0°0 o€
0°0 €e 0°0 0e
0°0 €2 0°0 0t
0°0- €e 0°0 (1
0°0 €2 0°0 o€
0°0 €2 0°0 ot
0°0 €e c°o cE
0°0 €2 0°0 o€
0°0 €2 0°0 (U
0°0 €2 0°0 ot
0°0 €e 0°0 o€
0°0 €2 s*0 ot
0°0 €2 0°0 Of.
6°0 €2 0°0 0€
0°0 €2 0°0 ot
0°0 €2 0°0 o€
0°6 €2 0°0 ot
0°0 €e 0°0 o€
0°o0 €2 0°0 ot
0°0 t£e 0% (11
0°0 €2 0°0 0t
0°0 £e te*¢ 0t
Lie2s €2 00°09 o€
g3ssvd  Q3Ls3L 03SSvd 031S3%
% *ON % *ON
104 51~-Si 13d 0S-05
Q35S34LS Q3SS3yLS

1S31 NI SAVQ

91 ‘1591 - s¥3dW3itlsros -

0°0
0°0
0°0
0o
0°e
0°0
0°0
0°0
0°0
0°0
0°0
0°0
0°¢0
0°0
00
00
0°0
0°0
60
0°0
0°0
€C
L9°S
L9°9
19°9
L9°9
cete
13 20 3 X
1 2 3=
13 Tl 0

03SSvd G31S3i
*ON

%

o€
0€
o€
(113
o€
o€
112
(112
0t
ne
o€
0t
0ot
o€
1%
0t
o€
0¢
13
0t
o€
ot
(11
o€
0E
e
(U
o€
0
0ot

13d 82~-62
Q3ss3y1S

*SA Q3AIAYUNS INFOY3d

€ 379Y)

A0 Y

t 40 SISY8 NO Q313373S vivd

1L9°9y
L9°%Y
L9°9%
19°9%
00°0S
00°0S
00°0S
00°0S
00°0S
00°09S
€E€°Es
€€ LS
€E° €S
ce*es
€E€Es
€C€*ES
€E*ES
€E°ES
1995
19°9S
L9°9S
19°9S
19°9S
L9°9S
00°09
00°0%
00°0L
19°9¢
€E°ES
00°00T

%

of
(1]
ot
1]
(11
ot
0ot
ot
o€
0t
ot
0t
(11
ot
ot
(U
ot
o€
o€
o€
0g
0ot
ot
(1%
o€
ot
(1)
(1
0t
o€

Q3ssSvd  (Q3LS34

*ON

12d St-St
0355348

III XIGNHddv

09
8S
9s
%S
2s
0s
8%
9%
kA4
2%
0y
-1
9€t
e
4
0t
8e
92
kA
2e
02
81
91
1
2l
01

NSO

15834

N1

SAVYQ

102

o o o 4 s mn ot

L)



NOISH3WWI 31¥YNN3LVY HO4 Q3IWHOIUId IH3M SISATYNY 3HL

W3°6 OL 0°Z - SSINW2IHL f¥S 3LV1d ‘I1V7id - S1ONA0¥d f91 ‘T159L - s¥3dwatferor - A0V

¢ 40 SISY8 NO 0313373S viva

\

I LY
: ) 88°S L1 0°0 02 00°01 02 00°06 02 09
88°S L1 0°¢ 02 00°01 02 0006 02 8%
88°c L1 0°0 02 00°01 02 00°06 02 95
88°S Ly 0°0 02 00°C1 62 00°S6 02 %S
88°S i1 0°0 02 00°01 02 60°S6 02 2s
88°g L1 0*0 02 00°01 02 00°*S6 02 05
88°*S 21 0°0 02 00°01 02 00°S6 02 89
88°s L1 0°0 02 00°01 02 00°56 02 94
88°5 L1 0°0 02 00°01 02 00°56 02 o4
68°S 2t 0°0 02 00°01 02 00°S6 02 2%
4 88°S L1 0°0 02 00°01 (¥4 00°S6 02 0%
ﬁ 88°S L1 0°9 02 00°01 02 00°S6 02 8€
3 88°S L1 0°0 02 00°01 02 00°56 02 9€
88°S L1 0°0 02 00°01 02 00°001 02 53
88°s L1 0°0 02 00°01 02 00°001 02 2¢
88°s L1 0°9 02 00°01 02 00°001 02 o€ : 1
88°S Lt 0*0 02 00°St 02 00°001 02 82 mm
88°S L1 0°0 02 00°G62 02 00°001 02 92 o
88°S Lt 0°0 02 a0°s2 02 06*00t 02 ©e L
86°S Lt neC 02 00°s2 02 00°001 02 22
- 88°S Lt 0°0 02 00°5% 02 00°001 02 02
88°S 1 0°0 02 00°SY 02 po*00l 02 91 .
88°S L1 0°0 oe 00°S% 02 00°00% 02 91
88°S Lt 0°0 o2 060°SS 02 00°001 02 "1 .
88°S L1 00°01 o2 00°09 02 00°001 02 21
88°S L1 00°02 02 00°GL 02 00°00t 02 ot
88°s L1 00°09 02 00°SL 02 00*001 02 8
88°S Lt 00°09 02 00°001 02 00°00t 02 9
£5°€2 L1 00°06 02 00°00Y 02 00°001 02 %
5€°29 Lt 00°00T 02 00°001 02 00°001 02 2
g3sSsvd Q35S3¢ 0338vd 034S3L QASS¥d Q31S3L 03SSvd  031S3) 1531
% *ON ] *ON ) ‘ON < *ON NI
SAYQ
19d SL-SL 12d 0S~-0% 19d §2~-52 12d4 St-51
] a3SS3u4S 03553815 03SS3HLS 03553815
1S31 NI SAYG °SA G3AIA¥NS IN3D¥3d

b d14YL III XIanadav

Py 3

ok L A A L I I Fo Akt S e el i

it Tt T et i gl b VI T L T Ty

My o e et B bt gl vl




APPENDIX IV
ft
Percent Survived vs Short-Transverse Y.S.
; Short-Transverse Specimens from
4 Two=-Inch Thick Plate of
3 NAVAIR Alloys 3 through 10
z Data Selected on Basis of Alloy,
3 Exposure Time, and Test Environment
; 840 days New Kensington, Pennsylvania
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APPENDIX V 1,
3
GRUMMAN INTER-OFFICE MEMORANDUM 4
: Ve
i FR oS . i
; FROM: G, Hilton Metallurgy/Welding 12 7351 DATE 28 September 1971 }
E. NAME GROUP NO.& NAMS PLANT NO. EXT.
E TO: NO. it wleIM=Tl~112
i F. T, Main, Jr. M&P/MWE-1-IM=T1-1"
v
B
N
3 E SUBJECT: RESULTS OF MECHANICAL PROTERTY TESTS FERFORMED ON ALCOA ALLOY MA-15 (7050)
§ ‘ The mechanical proverty evaluvation of a hand forged billet of :A-15
E (7050) has teen comrleted and the following prorerties have been measured
5 in the directlons indicated. H
TCroperty Direction
] k
1 Tensile L, LT, ST
Toughness TR, WT
Fatigue LT
Stress Corrosion ST 3

Adeoit

3 A1l coupons were machined Trom a 6" x 12" x 6" rectangular sention

A reroved approximately 3" from the end of a 6" x 12" x 28" hana forged

3 biillet., The material had been supplied by Alcoa solution hezt treated

and artifically aged to the ~T7352 temper as part of an alloy data exchange
Drogranm.

Tensile Proverty

Tensile proverties were determined for all three orthogonal directicns
using a 1/4" round couron with a 1/2" zaze lenzth (TG3 5307). She
following data are the average of the values from three coupons from
each direction.

Direction Fiy Feu % Elong % R.A.
Longitudinal Th.2 ksi 9.7 ksi 12.7 13.0
Long Transverse 73.4 ksi 79.5 ksi 3.5 5.3
Short Transverse 71.6 ksi 79.0 ksi L.l 3.8

All coupons were taken from random locations through the thickness
dimension. The recults appear to be higher then rreviously published
tensile values for forgings with a correspondins decrease 1in elongation
and reduction of cross section area values.

Toushness

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 IGS 1094-1). While
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INTEROFFICE MEMORANDUM

28 September 1971

G. Hilton to F. T. Main, Jr. M&P/MWE-1-IM-T1-102
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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 maximum load. All
fracture faces appeared flat with no appreciable shear lip foraation.

Direction Ko (avg of three values)
wT 25.5 ksi ~Vin
L 18.1 * ksivin

* Kq value based on P max.

The toughress 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 d.rection). The results from the TL direction while not
precisely qu~ntative, indicate lower toughness properties in this direction
which is typical. Published touchness valuec for TOTS5 and TOT9 are approx-
imately 25 and 20 ksiy'in for the above directions.

3
atigue

Tension fatigue coupons {TGS 1052 1/L" dia. x 1" long cylindricel test
section) were mathined from tr 1long transverse direction of the billet
and tested at stress levels be.wween 55 ana 32 ksi at a stress ratio of
0.1. The results, shown in Figure 1, compare favorably with TOCO series
1lloys tested under similar conditions.

Stress Corrcsion

The resistance tn stress zorrosion attack in an alternate immersion

3 1/2% sodzum ~hloride solution was evaluated usirg a snall rectangular
stressing frame. Six coupcas (TGS 1001 1/8" x 1/4" x 3/L" test
secticn) whose axes were in the shori transverse direction were loaded
to 7Y% or 80% of their short trensverse yield strength in the frame

and placed in the test rig. The exposure cycle consistea of 10 minutes
in the ASE synthetic sea water solution and 50 minutes ir. laboratory
air for drying. Although the courons were checked daily for sbvious
sign of fallure, the elastic coating applied to the ends of the coupon
and the stressing frame would restrain ary appreciable relaxation of

a failed coupon. This condition would tend to mask the exact time of

coupor. failure.

Sastained Load Level Time to Failure (Days)
(% o° Short Trans. Fy)

T0% 38, 64, and Th
80% 21, 28, and 36
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ICE ME1DRAITDUM 28 September 1971

G. Kilton to F. T. Mein, Jr. MRP/MWE-1=-1}~T1-102

All coupons contained some evideace of intergranular attack asscciated
with the fracture logether withvaryingamounts 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 70T5-T6 would
have produced failures within one to seven days if stressed to simiiar
levels.

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