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Aeronautical Laboratories, Wright-Patterson Air Force Base, Ohio, under
Project 2418, "Metallic Structural Materials," Task 241807, "Systems Support,"
Work Unit 24180703, "Engineering and Design Data."
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SECTION I
INTRODUCTION

Powder metallurgy processing of materials has been intensively pursued by
the aerospace community for about a decade and is motivated by the cost
savings and/or improved mechanical properties that can be obtained by this
method of producing materials compared to ingot metallurgy technology. High
temperature nickel base alloys for gas turbine engines have been routinely
produced by P/M (powder metallurgy) methods for a number of years and titanium
P/M parts are gaining acceptance. Similarly, aluminum alloy P/M parts are
being flown on a limited number of aircraft.

As part of the continued involvement of the Materials Laboratory in the
development of P/M technology an effort was initiated in 1981 to develop a
database on P/M structural aluminum alloys that were considered to be the
first generation products. The effort, which involved many Air Force prime
contractors and P/M aluminum supplies, was targeted to have a dual payoff.

The first was the development of a broad mechanical property data base which
could be used by industry to gain an understanding of the structural
applications best suited for these materials. This data base would also
shorten the lead time individual companies would need to start designing with
the products. The second payoff was that each participating airframer was to
use the data base to perform a cost-benefit-analysis to identify those
products and classes of alloys that demonstrate greatest potential to increase
performance or decrease cost of a system. The analysis was to be used to
target specific areas for additional research emphasis.

A kick-off meeting was organized by the Metals and Ceramics Division for
the fall of 1981. Mr Walt Griffith of the Materials Laboratory served as
facilitator for the meeting and subsequently acted as the focal point for all
interaction between government and industry. At the meeting, participants

agreed to support the effort by performing mechanical property tests and conducting th

cost-benefit-analysis. The tests included basic mechanical properties
(tension, compression, etc.) and fatigue related properties (S/N, da/dN).
Corrosion testing was left to the individual company as was spectrum fatigue
testing. ALCOA volunteered to evaluate the corrosion properties of all

materials. A list of participants is shown in Table 1.
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Materials were supplied by ALCOA and Novamet. The resulting mechanical
property data from each participant was sent to the Systems Support Division
of the Materials Laboratory to be compiled into data bases for each alloy/
product form from which estimates of design allowables were obtained. The
complete data base along with the estimated design allowables were supplied to
all involved organizations,

This report documents the mechanical property data obtained from the
cooperative effort. Comparisons to other materials, and ranking of materials,
is generally avoided since each potential application must be based on a
comparison to the other particular candidates for a part. The results of the
cost-benefit-analysis have not, and will not, be formally documented in the
literature inasmuch as it was intended as a planning guide.

™




Table 1

Participants and P/M Aluminums in the Cooperative Test Program

Forgings Extrusions Plate Sheet
o] o [ ~ (=] — (=]
™~ [s0] (Yo ™~ o ™~ [Ye]
Ly (7] l [N ) wl [T%) (V5]
M~ ™~ —f ™~ ™~ i ™~ ~ ™~
ol L Y -] =l o3 1| -
] ] o ] [} o 1 ] ]
4 o [e)] — o ()] —t o —
h (=] [] (=) (2] 1 ()] (=] ()]
o o = o o = o o (o]
~ ™~ L] ~ ™~ - ~ M~ ~
Boeing X1 XX X1 X
McDonnell X
Douglas, CA
Fairchild X X X
General X X
Dynamics
Lockheed, CA X X
Lockheed, GA X X
McDonnell X
Douglas, MO
Northrop X X X
Rockwell X 1 X | X X X X
Vought X | X X
AFWAL X | X X X X1 X
ALCOA X | X X X1 X X1 X X

X Indicates data was obtained by a participant on the form/alloy
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SECTION II
MATERIALS AND TESTS

Aluminum P/M materials are classified into three broad categories that
reflect the optimized characteristic of the alloy/processing. These cat-
egorijes are high strength, high temperature, and low density. Materials used
in this cooperative effort fall into the high strength category which is
intended to save structural weight when used instead of current I/M aluminum
alloys. Table 2 contains the product forms, alloys and suppliers.

Table 2

Materials Tested in Cooperative Test Program

Form Source
ALCOA Novamet
Alloy/Heat treat Alloy
Forging 7091-T7E78 IN9021
7090-T7E80
Extrusion 7091-T7E69 IN9021
7090-T7E71
Plate 7091-T7E69
7090-T7E71
Sheet 7091-T7E69

Basic mechanical tests along with fatigue, fatigue crack growth, spectrum
fatigue and stress corrosion tests were performed by the participants. When
available, ASTM standards were used for testing. For other tests a laboratory
used its current procedures. Emphasis was on room temperature properties.
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SECTION III
PRESENTATION AND ANALYSIS

The intent of the effort was not to compare the materials to other
structural aluminums but to present data and give an estimate of design
allowables. These allowables were used by industry to perform a cost benefit
analysis based on a comparison to their currently used alloys.

Each participant compiled a data package which sometimes contained
extensive discussion and in other cases contained only the data itself. As
the packages were received, the tensile, compression, bearing, shear, and
fracture toughness data were extracted and compiled in tables by alloy,
property and orientation. Fatigue, fatigue crack growth, and spectrum fatigue
data were prepared in tabular and graphical form. Stress corrosion results
were prepared as tabular results and written descriptions.

Several standard approaches were evaluated for determining design
allowables for the basic mechanical properties, but ultimately an engineering
approach was used. This method was dictated because of the limited number of
data points in any particular set and the need to eliminate obvious outlieres.
The preferred approach would have been to use the methods of MIL-HDBK-5, but
the calculated allowables would have been unrealistically low (MIL-HDBK-5
details procedures for calculating “A" and "B" allowables which have 95
percent confidence that 99 percent and 90 percent, respectively, of the
population will equal or exceed the allowable). Once the 99 and 90 percent of
population allowables were observed to be impractical a different population
was investigated, that being the 75 percent population. Even with this
reduced population it was obvious the values were still unrealisticly low for
very small data sets. However, for moderate size data sets (9-15 data points)
this allowable corresponded closely to the lowest value in the data set which
one might expect to be close to a design allowable. Consequently, it was
decided that for all groups of data the procedure would be to first calculate
a value of an allowable based on the MIL-HDBK-5 procedure except for using 75
percent of the population and then compare this to the lowest value in the
set; the higher of the two would be the suggested allowable.
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For the fatigue data analysis, a MIL-HDBK-5 equation was used to give a
mean trend best fit. Preliminary resuits found this to be inadequate for
fitting data sets that exhibited scatter since it often resulted in curves
that turned vertically in the high and lTow cycle regions. The approach that
was used in the case of scattered fatigue data was to define a point to force
the curve to pass through. This point was chosen to be at 107 cycles and the
Towest stress value for which a failure occurred in the data set. Run outs
were eliminated.

The analysis of fatigue crack growth data used a mean trend that was
developed from a segmented spline fit as used in the Damage Tolerant Design
Handbook. From the spline fit, tabular data were derived and presented as
suggested design allowables. However, 7091 sheet crack growth data was not
evaluated using the spline fit and therefore no tabular data is reported.
This is due to the sheet data coming in after the bulk of the data had been
fitted and the analysis system was not available.

Spectrum crack growth results were ranked against baseline I/M alloys
which are considered state-of-the-art wrought structural materials. FALSTAFF
and mini-TWIST spectrums were the spectra most often used in these tests.
Stress corrosion results are given in tabular and descriptive form almost
exactly as they came from the participants.
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SECTION IV
RESULTS AND DISCUSSION

There are nine appendices to this report each containing the results for
a specific alloy and product form. Table 3 lists the form, P/M alloy and the
appendix for the nine combinations.

Table 3
Contents of Appendices
Form P/M Alloy Appendix
Forging 7091-T7E78 A
Forging 7090-T7E80 B
Forging IN-9021 C
Extrusion 7091-T7E69 D
Extrusion 7090-T7E71 E
Extrusion IN-9021 F
Plate 7091-T7E69 G
Plate 7090-T7E71 H
Sheet 7091-T7E69 I

Some of these materials had processing histories that could affect the
subsequent results. Also, some of the testing was performed using unique
conditions. In light of the significance of such information it was included
on the front page of the appropriate appendix. The body of each appendix
starts with a 1ist of suggested design allowables followed by the basic
mechanical properties (tensile, compression, bearing, shear and fracture
toughness), fatigue, fatigue crack growth, spectrum fatigue, and stress
corrosion properties. All data submitted by the participants are included.

The suggested allowables were no more than what is implied, i.e., sug-
gested. Each participant was encouraged to develop design values based on
their own procedure for dealing with a small data base if they felt their
allowable calculation would be better. One must keep in mind that the purpose
for the suggested values was to use them for a cost-benefit-analysis. They
are not based on a data set of sufficient size to be used to design actual
hardware. It will be observed by inspection of the data base they are at best
an attempt to assess the potential quality of the materials.
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Appendix A contains the data for 7091 forgings and is typical of the
other appendices. Therefore subsequent discussion will be limited to this
section. The tensile data for the longitudinal direction is comprised of
seventeen data points, which is one of the larger sets developed in this
program. The short transverse shear data set is comprised of five data
points, typical of some of the smaller sets. Since, MIL-HDBK-5 requires
hundreds of points for calculating an "A" or "B" allowable it is obvious the
suggested allowables are not close to meeting the requirements.

The fatigue data is presented graphically and in tabular format, the
latter allowing those interested to perform their own analysis and/or add it
to another data base. The first figure, 1A, exemplifies a well behaved group
of data that was easy to fit. Figure 2A, however, typifies the type of data
that prompted the decision to induce the fitted curve to go through a point
close to 107 cycles and the lowest stress value for which a failure occurred.
Doing this is quite risky in that some specimens that failed at relatively low
stresses are ignored. Hopefully, the curve does represent the potential for
the material and a cost-benefit-analysis would be fairly accurate for future
Tots of the product. It is clear that designing based on the curve would be
inappropriate.

Most fatigue data was generated at an R-ratio of 0.1, but there are a few
curves for other stress ratios. Considerable work was done on smooth samples
with a fair amount of data for a stress concentrations close to or equal to
three. No higher stress concentrations were tested.

Constant amplitude fatigue crack growth rate data is also presented in
graphical and tabular form. But, there is one big difference in the tabular
results in that they are not actual test data but a best fit approximation to
the crack growth rate curves. In Figure A5 the disjointed points in the top
left graph have a line fitted to them which was the basis for the data in
Table A19. This data has an abnormal appearance and consequently the fit is
very poor. Similarly, the data in the top right graph has much more scatter
than would normally be expected. The fatigue crack growth rate curves in
Figure A6 are more typical of P/M aluminums, exhibiting little scatter.

The last two types of data are spectrum fatigue and corrosion.

Preceding these are few explanatory paragraphs conveying information that
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is not necessarily included in the graphical and tabular presentations of
these data. Spectrum fatigue tests in Figures Al13 and Al4 showed the 7091 to
be superior to 7050-T76. However, the 7091 forging that was tested by
McDonnell Douglas, St Louis MO, compared 7091 with 7050-T73. The 7091 was
inferior to the 7050-T73.

Stress corrosion and/or exfoliation tests were performed on each alloy/
product form. A1l P/M aluminum alloys displayed good corrosion resistance.




SECTION V
CONCLUSIONS

Twelve aerospace laboratories participated in developing an extensive
data base on first generation P/M structural aluminums. From this base
estimates of the mechanical properties that are typical for these materials
were obtained. The effort was successful for the intended purpose of
assessing the applications suitable for the material. The data itself is not
sufficient to develop design allowables for inclusion in MIL-HDBK-5 or for
design but can serve as a start toward that end. Some data showed an
inordinate amount of scatter and nonhomogenity which may be eliminated by
manufacturing controls. Future efforts on similar materials, or second
generation materials, should focus on a less broad spectrum of alloys and
forms and be targeted toward a more indepth study of each property.
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APPENDIX A
7091-T7E78 FORGINGS

NOTICE: suggested allowables, mean trends, and trend
curves in this document were developed to be used in

a cost benefit analysis to assess the potential benefit
of using the material in a structure. These suggested
allowables and trends are not considered accurate for
design of actual hardware.
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KSI
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KSI

LT
ST

KSI

(e/D
(e/D
LT

(e/D
(e/D

KSI

(e/D
(e/D
LT

(e/D
(e/D

KS1 VIN
LT
L
SL

.5)
.0)

1.5)
.0)

.5)

.5)
2.0)

76.8
75.6
74.2

68.4
64.9
61.9

69.9
65.3
70.1

40.1
40.3
38.9

119.0
154.9

119.5
151.2

106.1
116.8

103.6
117.0

26.8
15.9

SUSGESTED ALLOWABLES FOR
7091-T7E78 FORGINGS: 2-1/2 x 6"

These values were developed to be
used only in a cost-benefit-analysis and
are not necessarily accurate for design
of hardware.
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TABLE A2

7091-T7E78 FORGINGS:

Lt o o Al o

TENSILE
COMPANY TEST o ORIENTATION ULT YIELD ELONG
TEMP “F STR STR %
KSI KSI
McDonnell RT Long 77.3 68.7 11.6
Douglas-CA 79.6 68.4 12.3
77.3 69.3 11.5
Rockwell 78.7 71.0 13.7
77.5 68.6 14.0
79.1 70.4 13.6
McDonnell 83.0 74.5 12
Douglas-ST L. 83.0 75.0 12
83.5 74.5 14
ALCOA 77.0 68.8 12.5
80.2 71.5 13.0*
77.4 68.5 13.5*
Boeing 78.7 70.1 11.8
76.8 69.3 14.0
AFWAL 80.3 72.7 14.8
78.0 70.2 13.6
79.3 71.9 13.7
* Internal discontinuity
13
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TABLE A3
7091-T7E78 FORGING

TENSILE
COMPANY TEST ORIENTATION ULT YIELD ELONG
SEMP STR STR %
F KSI KSI

McDonnel1l RT TRANS 77.4 66.4 6.5

Douglas-CA 75.5 64.2 10.9
76.8 67.3 11.4

Rockwell 77.2 67.1 13.5
78.1 66.5 13.6
78.0 67.3 12.3

McDonnel1 80.0 70.5 8.0

Douglas, ST. L 81.5 72.0 8.0
81.0 72.5 11.0

ALCOA 76.2 66.2 10.5
79.0 68.8 12.5
77.3 67.3 12.5

Boeing 77.0 69.3 4.7
76.4 66.6 11.6

14




TABLE A4
7091-T7E78 FORGING
TENSILE
COMPANY TEST ORIENTATION ULT YIELD ELONG
TEMP STR STR %
KSI KSI
McDonnell RT S.TRANS 76.6 64.1 10.6
Douglas-CA 76.8 64.6 8.6
76.2 64.1 10.0
Rockwell 76.6 62.5 7.
76.0 62.6 7.8
75.9 64.2 7.
McDonnell 76.5 62.5 10.0
Douglas, ST. L 77.0 64.5 10.0
80.5 66.6 10.0
ALCOA 73.6 61.8 7.0
76.3 63.3 9.0
75.3 62.9 8.0
15
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TABLE Al7

FATIGUE RESULTS FOR 7091 FORGINGS: R =-0.4, Kt = 2.6

STRESS CYCLES FAIL (1)
PSI NO FAIL (0)
G 2600000 f
rheon £REGPON r
1=ane 148300 1
2°nnen 764 nA 1 .
2°30¢ 35800 1
2ICNG 26000 1
4°rop £380 1
Saernn T4nn 1
|
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FATIGUE RESULTS FOR 7091 FORGINGS: R = 0.1, Kt = 1.0
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Stress Cycles Fail (1)
PSI No Fail (0)
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FATIGUE RESULTS FOR 7091 FORGINGS: R =-1.0, K, = 1.0
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TABLE Al4

7091-T7E78 FORGING
FRACTURE TOUGHNESS, K

il iAo ddoo Sas Sl Ral Bail flat Sad Sad {adr Aok i ol N AR AN AW A0 S0 AE B S S0 F g g €0 a2 Ko 9] .“v‘*v‘f"w

IC
COMPANY ORIENTATION K K COMMENT
{E_ Q
KSIJIN ~ KSTyiN
McDonnell S-L 18.4 Valid
Douglas-CA 22.1 Valid
McDonnell 20.3 Valid
St L. 26.4 Valid
ALCOA 31.5 Valid
26.2 Valid
40.8 Invalid specimen not thick
enough and fatigue crack too
short
Rockwell T-L 16.5 Invalid Sec 11.2.3 B645
15.7 Valid
McDonnell 18.6 Valid
St. L 20.2 Valid
ALCOA 22.8 Valid
19.4 Valid
23.2 Valid
Boeing 15.9
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TABLE A13

7091-T7E78 FORGING
FRACTURE TOUGHNESS, K

IC
COMPANY ORIENTATION KIc K COMMENT
KST/IN KSI&W
McDonnell L-T 35.7 Failed crack plane angle
Douglas-CA 30.2 " " " "
Rockwell 26.3 Invalid crack deviaBion from
notch plane more 10
24.8 n n 1]
McDonnell 27.7 Valid
St. L 27.0 Valid
\
ALCOA 30.2 Valid
26.8 Valid
37.3 Valid
Boeing 27.8




TABLE Al12
7091-T7E78 FORGING
BEARING
COMPANY ORIENTATION e/D BEARING BEARING
ULT YIELD
KSI KSI
McDonnell LONG 2.0 168.4 132.3
Douglas-CA 157.2 124.6
Rockwell 164.1 116.9
158.9 113.4
163.0 116.8
McDonnell - 126.0
Douglas-St.L. ' 175.0 127.0
171.0 123.0
ALCOA 158.0 128.3
156.2 126.8
154.9 122.2
McDonnell TRANS 2.0 168.6 133.9
Douglas-CA 170.9 132.6
Rockwell 163.2 117.9
168.7 120.4
168.2 118.2
McDonnell 162.0 126.0
Douglas-St. L. 158.0 117.0
160.0 119.0
ALCOA 150.4 125.3
152.4 125.1
155.1 122.4
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TABLE All
7091-T7E78 FORGING
BEARING
COMPANY ORIENTATION e/D BEARING BEARING
ULT YIELD
KSI KSI
McDonnell Long 1.5 134.0 -
Douglas-CA 128.9 107.5
ALCOA 119.5 106.7 .
124.9 109.3
119.0 106.1
Boeing 121.6 -
126.1
McDonnell Trans 1.5 134.9 111.9
Douglas-CA 135.4 115.3

Rockwell 126.6 104.4




TABLE A10

o 7091-T7E78 FORGING
.:f SHEAR

2.l

M COMPANY ORIENTATION SHEAR
< STRENGTH
[~ KSI

. McDonnell S. TRANS 42.6

Douglas-CA 41.9
. 41.6

:jﬁ ) Boeing 39.6
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g TABLE A9
=
08 7091-T7E78 FORGING

o SHEAR
a COMPANY ORIENTATION SHEAR
I~ , STRENGTH
T KSI
- McDonnel TRANS 45.6
o Douglas-CA 45.3
’ '; 47.8
]
N Rockwell 50.4
'-_\ 50.2
. 46.6
’.' McDonnell 40.3
- Douglas, ST. L. 41.2
& 39.3
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TABLE A6
7091-T7E78 FORGING
COMPRESSION
COMPANY ORIENTATION COMP
YIELD STR
KSI
McDonnell TRANS 71.4
Douglas-CA 70.0
69.9
Rockwell 70.3
70.8
70.5
McDonnell 72.5
Douglas, ST. L. 73.5
76.5
ALCOA 69.6
70.8
68.8
Boeing 72.1
71.8
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7091-T7E78 FORGING
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b
- FATIGUE RESULTS FOR 7091 FORGINGS: R = 0.1, Kt = 3.0
a5
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\l
5

- STRESS CYCLES  FAIL (1)
‘" PSI NO FAIL (0)
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CONDITION/HT: T7E78 . - ALUM.
2.50~ 2.68"TH FORGING YIELD STRENGTH: B8.8- 74.5 KSI ALLOY
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Figure A5 Fatigue Crack Growth Rate Data for 7091 Forgings; Boeing, McDonnell-
Douglas-CA, McDonnell Douglas St. L., and Rockwell
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TABLE Al9

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE A5 INDICATING EFFECT
OF STRESS RATIO

Boeing, McDonnell Douglas-CA, McDonnell Douglas St. L and Rockwell
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Figure A6 Fatigue Crack Growth Rate Data for 7091 Forgings; ALCOA




FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
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Figure AZ Fatigue Crack Growth Rate Data for 7091 Forgings; McDonnell-Douglas St.L
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FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE A7 INDICATING EFFECT
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Figure A8. Fatigue Crack Growth Rate Data for 7091 Forgings; McDonnell-Douglas-St.L.
and Rockwell
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Figure A9. Fatigue Crack Growth Rate Data for 7091 Forgings; ALCOA
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SPECTRUM FATIGUE CRACK GROWTH

Two different investigations, using four different spectra, evaluated
7091 forgings. Although both investigations employed the FALSTAFF
spectrum, one was a modified (truncated) version. The study conducted at the
Materials Laboratory used the standard FALSTAFF and (Standard) mini-TWIST.
Results were compared to similar results for 7050-T76 plates. The FALSTAFF
tests showed the 7091 forgings to have a slightly longer life while the
mini-TWIST results showed a significantly longer life for the 7091. These are
shown in the attached figures which include a specimen drawing.

McDonnell, St Lcouis, used a FALSTAFF and a fighter wing root spectrum
called TSTROOT. Tests of 7091 were performed at three stress levels for each
spectrum while companion tests on 7050-T73651 plate were performed at one
stress level for each spectrum. Comparing flights to failure for the one
stress the 7050 plate has a slightly better life using the FALSTAFF spectrum
and a significantly better life for the TSTROOT spectrum. Some of the data
was normalized in terms of crack growth per flight and maximum stress
intensity during the spectrum and are shown in the attached two figures. Here
the different responses to the two spectra are not so apparent, but it does
appear that the first pass through the TSTROOT spectrum by the 7091 displayed
an overly fast growth rate which may have affected the total flights to
failure. A1l of the data from these tests are attached.

CORROSION

Three companies, ALCOA, Boeing and McDonnell-Douglas, St Louis, tested
the material in the short transverse direction for stress corrosion cracking.

The Tcwest reported failure occurred at 40 KSI.
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CORROSION RESULTS FROM ALCOA

Table A26 lists the results of a 30-day exposure to 3-%% sodium
chloride by alternate immersion of triplicate short-transverse 3.1 mm
(1/8") diameter by 51 mm (2") long tensile bars removed from 7091-T7E78
alloy hand forgings. The tensile bars were stressed to two stress levels-
172 MPa (25ksi) and 310 MPa (45ksi). No failures were encountered in any
case with the stressed tensile specimens.
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TABLE A26
Corrosion Results From ALCOA

PERFORMANCE OF SHORT TRANSVERSE 3.1 mm (1/8") DIAMETER
SMOOTH TENSILE BARS WHICH WERE REMOVED FROM 7090 AND
7091 HAND FORGINGS (1), STRESSED AND EXPOSED 30 DAYS
TO 3-1/2% SODIUM CHLORIDE BY ALTERNATE IMMERSION (2)

¢ S. No. Alloy
513910-2-16 7090
513910-2-16 7090
" 513910-7-11 7090
5139io-7-11 7090
513825-10-18 7091
513825-10-18 7091
513825-26-13 7091
513825-26-13 7091

NOTES: (1)

(2)

Temger
T7E80

T7E80
T7E80
T7E80
T7E78
T7E78
T7E78
T7378

Stress Level

No. Failures/No.

(ksi/MPa) Specimens Tested
25/172 0/3
45/310 0/3
25/172 0/3
45/310 0/3
25/172 0/3
45/310 0/3
25/172 0/3
45/310 0/3

Hand forgings were 63 mm x 152 mm x 610 mm (2-1/2" x
6" x 24") in size and were produced in Cleveland
from 50 kg (110 1b) billets sawed in half.

3-1/2% sodium chloride alternate immersion tests was
conducted in accordance with ASTM G44-75.
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TOLZANCE.  TAPZR YUST =2 CGRADUAL.
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Fiqure A26. Subsize Tensile Specimen Configuration used by McDonnell-Douglas.
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TABLE A28
CORROSION TEST RESULTS FROM McDONNELL-DOUGLAS

SPECIMEN STRESS TIME TO FAILURE
LEVEL (HOURS)
. (ks1)

25-SCC-1 30 NF
25-5CC-2 30 NF
25-SCC-3 40 NF
25-SCC-4 40 33 to 80*
25-SCL-5 50 33 to 80*
25-SCC-6 50 33 to 80*

L;‘ * Specimens failed during a weekend.
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TABLE A29
Results From McDonnell-Douglas

STRESS CORROSION DATA FOR 7091-T7E78
2 1/2 INCH THICK HAND FORGING

Specimen Dwg. No. ZC007394-1 ST Grain Direction
ASTM G&4 & D1141, Substitute Ocean VWater ’

SPECIMEN SUSTAINED EXPOSURE

CODE STRESS (KSI) (DAYS) RESULTS

SC1 Anodized 50 92 No Failure (NF)
SC2 Anodized 50 71 Failure

SC3 50 92 NF *

Sc4 50 92 HWF *

* Significant surface corrosion on unanodized specimens.
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APPENDIX B
7090-T7E80 FORGINGS

NOTICE: Suggested allowables, mean trends, and trend
curves in this document were developed to be used in

a cost benefit analysis to assess the potential benefit
of using the material in a structure. These suggested
allowables and trends are not considered accurate for
design of actual hardware.
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tu’

ty’

cy’

Su

bu’

by’

IC?

KSI
L 78.6
LT 77.2
ST 74.8
KS1

L 70.1
LT 67.1
ST 63.5
KSI

L 70.3
LT 73.3
ST 73.6
KSI

L 46.9
LT 47.1
KSI

L

(e/D = 1.5) 123.5
(e/D = 2.0) 146.9
LT

(e/D = 1.5) 128.2
(e/D = 2.0) 147.5)
KSI

L

(e/D = 1.5) 111.0
(e/D = 2.0) 112.5
LT

(e/D = 1.5) 111.5
(e/D = 2.0) 115.6
KSI VIN

LT 14.6
L 16.6
sL 18.1

TABLE Bl

SUGSESTED ALLOWABLES FOR
7090-T7E80 FORGINGS: 2-1/2" x 6"

NOTE: These values were developed to be
used only in a cost-benefit-analysis and
are not necessarily accurate for design
of hardware.
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TABLE B2
7090 FORGING:
TENSILE
COMPANY TEST ORIENTATION ULT YIELD ELONG
JEMP STR STR 9
F KSI KSI
ROCKWELL RT LONG 82.6 74.5 11.9
81.0 72.5 12.2
78.7 70.8 1.2
VOUGHT RT 30.0 75.3 -
80.0 73.3 7.6
83.7 77.6 5.3
ALCOA RT 80.9 71.9 1.
78.6 70.8 10.
81.2 72.0 12.5
BOEING RT 80.7 72.3 1.
78.6 69.9 1.
AFWAL RT 86.4 78.2 12.
82.9 73.9 n.
84.0 75.9 12.
VOUGHT 500° 74.7 66.3 10.
75.3 67.2 10
69.7 66.3
* Internal discontinuity
...... 71
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TA3LE B3
7090 FORGING
TENSILE
COMPANY TEST ORIENTATION ULT YIELD ELONG
SEMP STR STR %
F KSI KSI
ROCKWELL RT TRANS 79.6 70.1 10.4
79.8 70.1 12.2
79.8 71.0 11.6
VOUGHT 79.0 69.8 7.6
83.3 75.9 6.6
75.9 66.4 8.8
ALCOA 81.8 71.4 8.5
81.0 71.3 8.0
79.9 69.7 10.5*
BOEING 79.6 69.5 8.5
79.4 69.3 8.9
ALCOA RT SHORT 78.1 64.9 5.0
TRANS 77.6 66.5 5.0
77.7 66.8 2.0
ROCKWELL 76.7 65.5 2.8
74.8 64.7 2.2
75.3 63.5 3.6
* Internal discontinuity
=2
DO T R T R s R e T O R S O
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COMPANY

ORIENTATION

TABLE B4

7090 FORGING

COMPRESSION

COMP
YIELD

STR
KSI

ROCKWELL

VOUGHT

ALCOA

BOEING

VOUGHT

LONG

72.5

73.
75.

80.
85.
83.

— O

(o) = o)}

9
2

.1 Tested at 410°F
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TABLE B5

. 7090 FORGING
, COMPRESSION

o COMPANY ORIENTATION COMP YIELD
" STR (KSI)

W ROCKWELL TRANS 76.9
b X 73.3 .
28! 74.4 .

90 VOUGHT 83.1
2 86.9
85.4

.
% ALCOA 73.4
2 78.1
0 73.5

=~ ALCOA SHORT ) 73.6
TRANS 75.9
X 75.7
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TABLE B6

7090 FORGING

SHEAR

COMPANY ORIENTATION

SHEAR
STR
KSI

ROCKWELL LONG

VOUGHT

ALCOA

49.7
49.5
50.2

54.1
48.8
48.6
50.5

47.3
46.9
46.9




| 3 o 2

ey A e -
« w &

i L]

< G-ty AR

& g

COMPANY

ORIENTATION

TABLE B7

7090 FORGING

SHEAR

SHEAR
STR
KSI

ROCKWELL

ALCOA

TRANS

48.4
48.0

48.2
47.1
47.6




TABLE B8
7090 FORGING
BEARING
COMPANY ORIENTATION e/D BEARING BEARING
ULT STR YIELD STR
KSI KSI
ALCOA LONG 1.5 129.8 117.6
127.1 111.0
123.5 112.7
ALCOA 2.0 147.8 125.9
147.7 127.5
160.5 132.2
VOUGHT 154.7 126.6
152.4 120.5
146.9 112.5 o
98.4 - 5000F
104.7 - SOOOF
68.8 - 500°F
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TABLE B9
7090 FORGING
BEARING
COMPANY ORIENTATION e/D BEARING BEARING
' ULT STR YIELD STR
KSI KSI
ALCOA TRANS 1.5 130.3 117.6
128.2 111.5
129.3 117.2
ALCOA TRANS 2.0 162.5 132.6
160.0 132.7
162.7 137.4
VOUGHT 148.4 120.3
159.4 121.9
153.1 115.6
147.5 126.9
78
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TABLE B10
7090 FORGING

FRACTURE TOUGHNESS, KIC

COMPANY ORIENTATION Kie Kq COMMENT
(kST VIN) (KSI VINY

VOUGHT L-T 15.8 valid
17.8 invalid
ALCOA L-T 20.4 valid
21.4 valid
21.4 valid
BOEING L-T 14.6
VOUGHT T-L 19.0 valid
21.2 valid
ALCOA T-L 13.5 invalid Kf greater
than 0.6KQ for last
step
16.6 valid
16.0 invalid Kf greater
than 0.6KQ for last
step
ALCOA S-L 18.6 invalid Kf greater
than 0.6 KQ for lasty
step
S-L 18.1 valid
S-L 19.8 valid
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FATIGUE RESULTS FOR 7090 FORGINGS:

STRESS
PSI

41nn)
430G
430CC
45000
45pne
45000
479010
4700¢
49000
$300¢0
RECOT
6600C
FEDRDG
EECOG
€800¢C
EROOD
79078

700C¢

TABLE B11

CYCLES

11778157
4637209
10252500
151200
1g0%n1n0n
109289063
1384G0
£33990 0
1874400
262100¢
£T77570
125200
60240
47650
585" ¢
281400
any=n

422730

R=20.1, K

FAIL (1)

NO FAIL (0)

B e e e e e O D Y e ) e

1.0
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TABLE B12

FATIGUE RESULTS FOR 7090 FORGINGS: R = 0.1, K¢ = 2.5

STRESS CYCLES FAIL (1)
PSI NO FAIL (0)
178040 10237000 r
27000 133000808 n
21001 1632690 1
2480 2600 ¢ 1
26207 7187 i
2e2¢(r° 32130 1
332°n 121157 1
332(1 #1373 1
If40" 4172 1
4C00LCLC 5070 1
454 (0 160° 1




hain"Sat~ghuy 2ot

-

RS e gn in IR g T e S e Uk e =y
-+

Mde“Athe" e Ba s ie luve g aeis

b oocai vy

0°€ = M “1'0 = ¥ tSBuLbu0y 060L 404 SILNS3Y anbiiey “ggaunbyy

304 0L 537240

01 01 2

v 1
@1 i —
bis i gt Nt T IS ST T SO TS T e B

uSrh-_LrL L1 i e s s 41 i

¢

b 03
L e
q '
v . o
v r.nu
o2
; -3
7 :
Lt
+
Qll‘l
\I/ .
= H -
-~/
) [
[ .
= Tu_
_—r ) I
1358 LI
(VRN S W )
- Y e . ~ . o - N AT -~
) - ! 4 I - .- - L
NP AN v : . . - vz L s .




L Sl A i e A an S ah  Sadt 4

TABLE B13

FATIGUE RESULTS FOR 7090 FORGINGS: R = 0.1, Kt = 3.0

STRESS CYCLES FAIL (1)
PSI NO FAIL (0)
2a0(C”r 121328887 e
240CQ 13404300 fi
2400 ° 1499889"% i’
26001 34450 1
2600w 14700 1
2ENC T ©£10155¢0 1
260( ! 14778517 it
28000 6952500 1
29na¢f 15306100 1
23006 3902¢C 1
3%00v 2684400 1
370068 615300 1
3a2¢ced 4egnn 1
32060 78510 1
22ard 3ga2 0 i
3206¢C 1307300 1
34¢06C 1823¢C 1
34606 44370 1
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TABLE B18
Corrosion Results From ALCOA

PERFORMANCE OF SHORT TRANSVERSE 3.1 mm (1/8") DIAMETER
SMOOTH TENSILE BARS WHICH WERE REMOVED FROM 7090 AND
7091 HAND FORGINGS (1), STRESSED AND EXPOSED 30 DAYS
TO 3-1/2% SODIUM CHLORIDE BY ALTERNATE IMMERSION (2)

Stress Level No. Failures/No.

S. No. Alloy Temper (ksi/MPa) Specimens Tested
513910-2-16 7090 T7E80 25/172 ' 0/3
513910-2-16 7090 T7E80 45/310 0/3
513910-7-11 7090 T7E80 25/172 0/3
5139i0-7-11 7090 | T7E80 45/310 0/3
513825-10-18 7091 T7E78 25/172 0/3
513825-10-18 7091 T7E78 45/310 0/3
513825-26-13 7091 T7E78 25/172 0/3
513825-26-13 7091 T7378 45/310 0/3

NOTES: (1)

(2)

Hand forgings were 63 mm x 152 mm x 610 mm (2-1/2" x
6" x 24") in size and were produced in Cleveland
from 50 kg (110 1b) billets sawed in half.

3-1/2% sodium chloride alternate immersion tests was
conducted in accordance with ASTM G44-75.




CORROSION RESULTS FROM ALCOA

Table B18 1ists the resuits of a 30-day exposure to 3-1/2% sodium
chloride by alternate immersion of triplicate short-transverse 3.1 mm
(1/8") diameter by 51 mm (2") long tensile bars removed from 7090-T7ES0
alloy hand forgings. The tensile bars were stressed to two stress levels -
172 MPa (25 ksi) and 310 MPa (45 ksi). No failures were encountered in any
case with the stressed tensile specimens.




CORROSION

Corrosion characteristics of 7090 forgings were evaluated by ALCOA and
Boeing. ALCOA's results from the stress corrosion tests are summarized in
the attached write up and table and Boeing's exfoliation test results are
shown in the attached table on durability properties. This material appears
to be corrosion resistant.

SPECTRUM

Spectrum fatigue crack growth of 7090 forgings was investigated by
AFWAL. Results relative to I/M 7050 plate using both the standard FALSTAFF
and Mini-TWIST spectra are shown in the attached figures. 7090 forgings are
inferior to the 7050 plate and also to 7091 forgings.
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TABLE B17

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE B7 INDICATING EFFECT
OF STRESS RATIO

ALCOA

LRI SN e e RO RS TSR,

MATERIAL: ALUMINUM 7090
CONDITION: T7E80
ENVIRONMENT: R.T. ,HI HUMIDITY

T S — A T " s Stk T S it . e Sy S R T GO o o —— ——

AR ..

DELTA K : DA/DN (10##-&6 IN. /CYCLE)
(KSi#IN##1/2)
A B c : D

N R=+0. 10 R=+0. 33
G
Y
! A: 1.17 : o2
R DELTA K B: 1.14 : .02
o MIN C: 4
E D:
Y 1.30 : . 0470 . 0484

1.60 : . 106 . 103
; 2.00 : . 225 . 214
b 2.50 : . 435 - . 420
o 3.00. : . 715 . 715
; 3. 50 : 1.07 1. 13

4. 00 : 1. 53 1. 69
I 5. 00 : 2.82 3. 49
- 6.00 4. 84 6.75
g 7.00 : 8. 06 12. 5
q 8. 00 : 13. 1 22.7
- 9.00 : 20.9 40. 2

10. 00 : 32.9 69. 9

13. 00 : 123.
. A: 13.97 : 185.
- DELTA K B: 11.05 : 123.
R MAX C: :
i D:
r
T
A
.
|
j
! 03
A
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FORM: 2.538"TH FORGING YIELD STRENGTH: 66.1 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 77.8 KSI
ORIENTATION: S—L - SPECIMEN THK: @.251"
FREQUENCY:  25.88 HZ SPECIMEN WIDTH: 1.897~ 1.98g" pupsp
ENVIRONMENT:  R. T.. HI HUMIDITY REFERENCES:
AK (MPA /M) AK (MPA /m)
4 10 40 100 4 10 40 100
@ = T T T T . BN L LA 1 B LR R L
[ STRESSRATIO = +2. 18 = 10  STRESS RATIO = +p, 33 =
10° - B 10° = _
_ —10! — = 10"
10° = _ . 10°}= 7] ,
N [— — 10 — - 10° §
S . - B =
310 = _ 10' = 1q @
e E —J107? - —w0’E
z N : i - : ~
S 10°k : ] 10° = 14 2
3 E / —{10* - —{10* s
[ = a 3" ©
—) —
10° = _ 10° = _
Sy —o? = iy
| Faf 3 — -
107 :‘/’J _ 107 =F _
%‘/ —J10°® 3 —10°®
10‘BE Lo Lo tsls ol 108 o b ale Lo by delslt =
1 4 10 40 100 m 4 10 40 100
© B 1T T o o @O©ETTIT T IO0TIT A
- . —{10 — - —={10°
STRESS RATIO = = STRESS RATIO = =
2 -~ 2 —
10" = _ 10 = ]
— —10" — =10
103 _ 10° = _
— -2 — 2
s —0 — —10? g
© — . M - )
§ 16‘ — o~ 104 -— _ §
£ F —10° - —10°E
z - - Y : -~
S0’ Z 10° 4 2
B —10* ~ 0% 5
N = ~ 393
10° = R 10° |- B
- ?5105 — 1:105
10.7 p— : 10‘7 L -
— —10° E —10°®
— -t o
108 | i | S W S 1 108 Lo taley Lot il ™
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AK (KSI +/in) AK (KSI 4/n)

Figure B7. Fatigue Crack Growth Rate Data for 7090 Forgings;

ALCOA
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1 TABLE B16 |
< |
b FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS |
i OF STRESS INTENSITY FACTOR |
> DATA ASSOCIATED WITH FIGURE B6  INDICATING EFFECT
G OF STRESS RATIO
%3
N ALCOA
MATERIAL: ALUMINUM 7090
CONDITION: T7EE0
ENVIROMNMENT: R.T. ,HI HUMIDITY
DEILTA K M DA/DN (10#%#~5 IN. /CYCLE)
(KSI#IN#%1/2)
A B C D
R=+0. 10 R=+0. 33
A: 1.65 : - . 00
DELTA K B: 1. 10 : . 00
MIN C: &0 :
D:
1.20 : . 0547
1. 60 : . 105
2.00 : . 104 . 197
2. 50 . 228 . 360
3. 00 : .412 . 595
3. 50 . 668 . 932
4. 00 : 1. 02 1.42
5.00 : 2. 09 3. 10
&. 00 3. 24 6. 55
7. 00 : 7. 07 13.
3. cO : 1i2. 3 27. 3
9.00 : 20. 9 54. 4
10. 00 : 35. 0
A 12. 47 118.
DELTA K B! 9.28 : 65. 9
MAX C: :

D:




AN CONDITION/HT: T7E88 . ALUM.
= FORM: 2. S$@8"TH FORGING YIELD STRENGTH: 78.8 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 80.8 KSI
o ORIENTATION: T-L SPECIMEN THK: B. 251" "
5 FREQUENCY:  1B. @8- 25.08 HZ SPECIMEN WIDTH: 1.998" p——
e ENVIRONMENT:  R.T.,HI HUMIDITY REFERENCES: i
-3 AK (MPA /) AK (MPA /)
= 4 10 40 100 4 10 40 100
N == TTTYTIY 1T LI L A0 L L R
ot @:1 DAL AL PP T T
% [ STRESS RATIO = +2. 18 = — STRESS RATIO = +g. 33 =
L - —10"! - — 10"
}\ 3 }_ : 3 - : .
A 107 = _ 107 = —
R s —]10? — —10% 5
S . 3 — 4 3
- 310" | n 10* 1 J 8
) c F —10° = j —10° E
'.M 2z b— . - -1 -
DN - — . —d
\4 AY 105 — _ 105 . %
k g : —— 10-4 " ——— 10.4 E
. 6 — .6 -
¥ 10 . 10 = _
S .5 — -5
—410 [ —{10
- 7EE = . =
: . = . 3
o O E - 10 ~
2N - —J10° —10°
.y 108 N nn Lot 10° ! o telely R Nenn
e 17 4 10 40 100 1 4 10 40 100
X © E4 "1 T T o © ET T T
2 — ) —10 - - —10°
I STRESS RATIO = = STRESS RATIO = =
{'-P 2 = 2 ) —
Y 10 - 10 = -
; —10" — — 10"
‘3 1073 |= ] 107 = _
W — -2 — 2
» s 3 - = R
. '-‘ § 10.4 - : 10-4 - : §,
€ - ‘ —10° — 193 E
:.':» ; - : 0 — : 10 E
x 3 10°k= ] 10° i
el S - 10 4 2
| - = ? poe ___“ 10 (1]
p—— — b :. U
10° b= n 10° b= . .
. -5 p— -
107 ] 107 =
= . = 10° = —10°®
10 1o 1ty 1 o Laaly 10‘3’_ Lo by 1o 1 aly
1 4 10 40 100 1 4 10 40 100
AK (KSH +/in) AK (KSI V/In)

Figure B6. Fatigue Crack Growth Rate Data for 7090 Forgings; ALCOA
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TABLE B15

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE B5 INDICATING EFFECT
OF STRESS RATIO

ALCOA

MATLP TAL . ALUMINUN 7090 T -
COLBITION: T7ERD
FEVIEEIENT: R T, o HI HUMIDITY

PULYA K : DAZDN (10%%#-& IN. /CYCLE)
(RS TN #1/2)
& B C C

R=+0. 10 Re=+0. 33

- 1.62 @ . 01
DELTA ¥ 1. 20 : . 00

MIN

voax»
~N
o

1.30 : . 0424
1.60 : _ . 0875
2.00 : . 0404 13
2. 30 : S1v2 248
3.00 : . 361 L a50
3. 50 : 644 L 7sd

%. Q0 1.1 1.18
3.0C ¢ a.50 R4
FANESLO I 1o 509
7.63 7.1 8. 41
8. 00 jo. 3 g A

?.G0 1435 17.3

{0. GO 13,3 2. &

13. 00 2.6

14,54 . 3N b
Lt Ten K 13.3% 28. 5

[N

-

'+ 3 TT D>

L - - - - - - - - - -
A, Tl T T ..
. LA - AN I R o « Y- . LA R ek}

"-{“"A‘,;.v‘-“nm.',s.-','-\.'-'.~ o 'L'..L':‘t‘. ‘ Ln.‘ v ,Lr.‘ )."-i;“'.w YN
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- CONDITION/HT: T/EED . ’ : AL LA
. FOAM:  2.5@"Til FORGING YIELD STRENGTH: 71.6 KSI ALLOY
i SPECIMEN TYPE: CT ULT. STRENGTH: B7. & KSi o
N ORIENTATION: 1.~T SPECIMLN Trik: B. 251" :
) FREQUENCY:  25. 2% HZ SPECIMEN WIDTH: 1. 839" A
f} ENVIRONMENT: " R. T., HI HUMIDITY REFERENCES: -
s
4 AK (MPA /1) AK (MPA /M)
o 4 10 40 100 4 10 40 100
R S L AL B B I AU B = T T T T T T
‘ |~ STRESS RATIO = +0. 10 —ﬂ 10 [~ STRESS RATIO = +8. 33 :
- 10° |- _ 10% i
N — —110" — N — 10"
-‘!' _ — — - ]
! 10°® B 10°3
'3 — B = 2
- ™ — —10 — ;1 10° 5
' o = A ~ >
WA 510 — 10 &= -] S
= -3 - 3 €
~ Rt f ":10 — @ = 10 £
- r-A o g - — i - =
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16° | 5 ] 10° ,-"'j«“ -
: N 10 w4 10
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- — I T T
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N 10'8—E].l Ll Ly Labiled = 10‘5-§ L 1Ly P Lot~
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Ny © ET 10T T I . © ET T T TIOT
o [~ STRESS RATIO = =10 ~ STRESS RATIO = =310
- 10° b= _ 10° |- —
ot - _l4ip7 = .
\ =] 10 [~ =110 !
- ~ 3 — -
X 10‘3 10‘3 . 1
- — =1..-2 [— 1.
'- [4) . pu R - : o
, 310" — n 10 = 103
= = p—— ¢ -3 -— =)
. S —{10 - —410° €
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-'\. 2 .5 - -5 - ] -~
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x Figure BS, Fatigue Crack Growth Rate Data for 7090 iorgings; ALCOA
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TABLE B14

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE B4 INDICATING EFFECT
OF STRESS RATIO
BOEING
MATERIAIL.: ALUMINUM 7090

CONDITION: T7EB0
ENVIRONMENT: R.T. .LAB AIR

- - - —— . - —— . Y Tap St " S — -— —— ~—

DELTA K : DA/DN (10s#%-4&6 IN. /CYCLE)
(KST#IN##1/2)
A ) B o
R=+0. 04
A: 4.49 . 1.43
DELTA K B:
MIN C:
D:
3.00 : , 3. 23
6. 00 7.33
7.00 : ?.98
8. 00 11. 2
?.00 : 12.1
10. 00 : 13. 4
13. 00 : 29. 2
16. 00 : 1364.
A: 17.26 320.
DELTA K B: :
MAX C:
D:
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CONDITION/HT: T7ESB _ ALUM.
FORM: 2.6@"TH FORGING YIELD STRENGTH: 71.1 KSI ALLOY
- SPECIMEN TYPE: CT ULT. STRENGTH: 78.6 KSI
) ORIENTATION: L~T SPECIMEN THK:
FREQUENCY: 38. 838 HZ SPECIMEN WIDTH: Py
1 ENVIRONMENT: R. T..LAB AIR REFERENCES:
- .
- AK (MPA /M) AK (MPA /M) !
o 4 10 40 100 4 10 40 100 i
\ @ =30 BLEN (L LA L I BN LB R L ] =T 770 T T
3 [ STRESS RATIO = +@. B8 =10 : STRESS RATIO = = i
. 10° |- _ 10° B
; — § = \ .
. — —{10 b —110
N 107 = ] 103 ] )
by — -2 — &
. 5 - ? —{10 — —10° 3
o — - — - O
5 310" ] 10* = 1 3
= — -3 — _1,n3 €
{ = — —:—:' 10 ; = 10 £
“ A o - . — E
-~ IV0E - 107 = — g
. ° — — 104 — ~ 10°¢ 8
: 10° = _ 10° ]
. — -5 — -5
107 7] 107 = .
* - —10°® - —J10®
s 1 e ot A s 4 otad bl S
10 1 Ll L 1 1 . } 1 11 L
% 1 4 10 a0 100 10 210 a0 100
o © =30 B AR T T . @ =T T 7T T
. - _ —{10 — - —{10°
: N STRESS RATIO = = ~ [C STRESS RATIO = =
. 102 B 102 = 7
: he— 10-‘ : _;1 10-‘
% - - — 3
3 107 k= N 103 n
- -2 - .
z T —10 — —H10?5
' N -4 - -4 - >
ks LoE—, 1. 3 0 E 1. 3%
£ - 1 10
- g = — =0 ¢
I Z .5 — -5 __1 -
B 10°k 10 z
- ot [~ - -4 f— - 4 hel
- > r —10 —~ —10* s
: ~ = ~ = 8
10% f= R 10° |- ]
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» po— — 10 o — 5 -
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- N = — —J10°®
] I T T Y Lo bl = el Lottt
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> .
;ZE Figure B4.Fatigue Crack Growth Rate Data for 7090 Forgings; Boeing
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APPENDIX C
IN9021-T352 FORGINGS

Comment: The fatigue crack growth rate data from Boeing for the L-T
orientation was developed at two frequencies. The data at the lower
part of the curve was developed at a frequency of 30 Hz while the four
points at the higher part of the curve was from the same specimen tested
at 3 Hz.

NOTICE: Suggested allowables, mean trends, and trend
curves in this document were developed to be used in

a cost benefit analysis to assess the potential benefit
of using the material in a structure. These suggested
allowables and trends are not considered accurate for
design of actual hardware.
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— TABLE C1
‘jb SUGGESTED ALLOWABLES FOR
b IN 9021 FORGINGS: .75" x 5"
109
N
. Ftu' KSI
N L 80.3
o LT 83.2
.::::: Fty' KS1 1
s L 70.5
S LT 72.1
Lo
3 Foyr KSI ]
N L 65.4
> LT 73.3
-'.{5. Fsu’ KSI
_\:.:: L 41.5
NS LT 40.9
( '{“v
s Fbu’ KSI
~i L
¢
}".‘--") (e/D=] 05) ]20.5
oy e/D=2.0) 140.6
ey LT
- (e/D=1.5) 119.9
K (e/D=2.0) 140.6
oo F, , KSI
o3 by
it L
N (e/D=1.5) 104.0
NS (e/D=2.0) 118.0
3 LT
[ :‘:: (e/D=]-5) -
-3 Y
‘ D=2.0) 121.1
(e/ ) NOTE: These values were developed to be
o Kygs KSI vIN used only in a cost-benefit-analysis and
¥ LT 17.8 are not necessarily accurate for design
Y of hardware.
e TL 20.1
b JaN
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TABLE C2
IN-9021 FORGING ,75" x 5"
TENSILE
COMPANY TEST ORIENTATION ULT YIELD ELONG RA
TgMP STR STR (%) (%)
(7F) ( KSI) ( KSI)
Vought RT Long 80.7 70.0 12.2
82.7 73.2 12.3
82.1 73.2 9.5
General 87.3 74.4 9.5
Nynamics
84.4 70.2 11.0
89.8 77.3 9.0
Lockheed GA 89.0 79.0 13.0
89.0 77.5 10.5
39.6 76.7 11.0

Rockwell 87.6 73.5 12.4
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TABLE C3
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IN-9021 FORGING

T TT Iy vy Yy yyy

LaRadR e B g Sl Al Shad ol sl o s okl o

TENSILE
COMPANY TEST ORIENTATION ULT YIELD ELONG
TEMP STR STR (%)
(OF) (KSI) (KSI)
Vought RT Trans 84.0 74.6 12.4
85.4 74.6 12.3
83.4 74.6 13.6
General 85.9 73.6 12.0
Dynamics
86.0 72.5 9.0
84.8 72.1 11.5
Lockheed-GA 87.4 78.1 10.5
87.3 79.4 11.0
87.3 78.5 12.0
Rockwell 86.0 72.3 12.1
84.7 74.8 12.3
84.7 74.4 12.3
Boeing 82.5 72.3 11.0
83.5 72.1 9.2
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: TABLE C4
) IN-9021 FORGING
s COMPRESSION
% COMPANY ORIENTATION COMPR
2 YIELD
¥ STR
. (KST)
2
< Vought Long 74 .1
> 75.3
N 68.6
- 74.1
7; Lockheed-GA 74.4
' 72.5
71.4
7
S Boeing 64.8
67.0
. Vought Trans 77.0
A 75.7
- 76.1
!
- Lockheed-GA 81.1
a . 78.3
- 79.7
Boeing 73.3
&Y
- 73.8
vﬂ
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TABLE C5

IN-9021 FORGING

SHEAR

COMPANY ORIENTATION SHEAR

STRENGTH
(KST)

Vought Long 52.8
53.0
52.8
52.8

Lockheed-GA 46.8*
47 .9*
48.9*

Boeing 41.4
42.8

Lockheed-GA Trans 48.7*
48,0%*
47.3*

Boeing 40.9

41.5

o

5

- * double shear
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g TABLE C6

e

@ IN-9021 FORGING

X BEARING

\

p COMPANY ORIENTATION e/D BEARING BEARING

y ULT YIELD

- (KST) (KSI)

.’ Lockheed-GA  Long 1.5 124.0 107.0

(..\ 122.0 ]04‘0

Y

» 123.0 104.0

LS

o

g Boeing Long 1.5 121.6 -

< 120.5 -

Y .

-

R Boeing Trans 1.5 119.9 -

= Lockheed-GA  Long 2.0 156.0 127.0

o 158.0 129.0

. 154.0 139.0

Vought Long 2.0 142.2 125.0

] 140.6 125.0

i 142.2 118.0

b 142.2 118.0

o

N 106.0 NA  500°F

N 132.8 NA  500°F

~

W

K Vought Trans 2.0 146.9 125.0

o 140.6 125.0
154.7 1211
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TABLE C7
IN-9021 FORGING
FRACTURE TOUGHNESS, KIc

COMPANY ORIENTATION K KQ COMMENT
(Ksrﬁn ) (KSI N )
Rockwell L-T 43.0 insufficient size
42.1 jnsufficient size
Vought 15.1 invalid
31.7 invalid
30.6 invalid
Gener§1 29.8 valid
Dynamics 19.4 valid
Boeing 17.8
26.5
Lockheed-GA 39.3 insufficient size, etc.
40.5 insufficient size, etc.
39.5 insufficient size, etc.
ALCOA 25.6 valid
25,2 valid
Rockwell T-L 43.4 insufficient size
41.2 insufficient size
Vought 31.7 invalid
31.5 valid
fieneral 21.5 valid
Nynamics 23.6 valid
Boeing 20.1
Lockheed-GA 39.4 insufficient size, etc.
42.8 insufficient size, etc.
39.7 insufficient size, etc.

valid
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FATIGUE RESULTS FOR IN-9021 FORGINGS: R = 0.1, K

STRESS
PSI

170"
27600
21ne°
2e28L
22010
322rg
33271
3p4p0
4nnnA

TABLE

c8

CYCLES

1003r0
139000
476540
T€5000
412331
24730
2837n
10430
11841

ns
0

o

FAIL (1)
NO FAIL (0)

b bt S b b s b b

t

= 2.5
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FATIGUE RESULTS FOR IN-9021 FORGING: R = 0.1, K

STRESS
PSI

1a0¢en
25009
p7gnn
2acor
sazce
35006
Tryre
Ja9ng
IRNen
40c:

TABLE C9

CYCLES

3370
20832500
78200
7871450
1477090
53470
3N
22020
24800
14002

FAIL (1)
NO FAIL (0)

1
1
1
1
b}
1
1
1
1

t

= 2.7
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CONDITION/HT: T352 | wTe
FORM:  3.980"TH FORGING YIELD STRENGTH: 72.3 KSI ALLOY
SPECIMEM TYPE: CT ULT. STRENGTH: 82.2 K31
ORIEMTATION: L~T SPECIMEN THK:
FREQUENCY: 30. 8 HZ SPECIMEN WIDTH: INSZ 1
ENVIRCNMENT: R. T..LAB AIR REFERENCES: wed
AK (MPA /M) AK (MPA /)
4 10 40 100 4 10 40 100
@ S RN AL B B R M A SR REEEL EE R RA R
- , -=10° - —
N STRESS RATIO = +@. @6 = |~ STRESS RATIO = =
. — R —
107 = _ 10° |= 7] —
- o
— —10! — -+ 10"
107 = / ] 107 = B
— -2 - -2
S .l - al - 4
310 = B 10° = _ 9
c — -3 — -3
s |+ —{10 - —j10” E
% 5[ - -SL- = :b
S / To¢ CE e
— pﬂ@ —0 — =10 g
dn & - 5[ =
10 ] 10" b=
— -5 — 1408
[ = 10 - ? 10
107 - ] 107 |- ]
- -§ 10'6 - — 10‘5
ottty L I R TR B B N T
1 4 10 40 100 1 4 10 40 100
© E T " TIT T I © ET 11T T 7T
— - —10° — _ -4 4G
_ STRESS RATIO - = STRESS RATIO = ={10
10° {= : 102 — 7
— [ -~
~ — 0 - —{10"'
107 k= B 103 7
— .2 - . —
T —10 — -H10% 5
S al - 4 . ]
C - S
= P —4 10 - —nd 3 e
= - jm L =10 £
2 10° | 7 10° |- 1 =z
1 - —10¢ - —410°¢ g
M - s 4 °
10° b= 10° }— I
— - .5 - —
- —410 -— —10°
107 |- - 107 C 3
— -—10 [. —{10°
— - . z
10— il | S N AR T il S NS PR FE 1o 1l ]
1 4 10 40 100 1 4 10 40 100
AK (K31 /1) AR (KSI /)

Figure C3. Fatigue Crack Growth Rate Data for IN-9021 Forgings;
Boeing
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TACLE D1

SUGGESTED ALLOWABLES FOR
7091-T7E69 Extrusions; 14" x 44"

Ftu’ KSI
L 82.7
LT 76.5
ST 76.9
Fty, KS1
L 74.1
LT 66.7
ST 63.7
Fcy, KSI
L 73.4
LT 69.6
Fsu’ KSI
L 45.8
LT 43.8
Fbru’ KSI
L
(e/D=1.5) 120.0
(e/D=2.0) 147.6
LT
(e/D=1.5) 107.4
(e/D=2.0) 139.3
Fby’ KSI
L
(e/D=1.5) 99.6
(e/D=2.0) 112.7
LT
(e/D=1.5) 94.1
(e/D=2.0) 111.2 NOTE: These values were developed to be '
used only in a cost-benefit-analysis and
are not necessarily accurate for design
Kics KSIVIN' of hardware.
LT 35.8
TL 26.6
SL 25.7

128
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APPENDIX D
7091-T7E69 EXTRUSIONS

NOTICE: Suggested allowables, mean trends, and trend
curves in this document were developed to be used in

a cost benefit analysis to assess the potential benefit
of using the material in a structure. These suggested
allowables and trends are not considered accurate for
design of actual hardware.
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STRESS CORROSION
INS021-T4 FORGING
Results From Lockheed GA.
Three specimens were exposed to alternate immersion
(10 minutes wet/50 minutes dry) for 30 days in 3%2%

salt water. The specimens were stressed to 59 ksi.

All specimens were intact after 30 days. 720 hrs.




--------- m.mmmmmmw

Corrosion

Lockheed-GA and Boeing evaluated the IN-9021 forgings for corrosion.
Lockheed tested 3 samples in an alternating 3.5% salt water (10 minutes
wet/50 minutes dry) for 30 days. A1l specimens were stressed at 59 KSI.
At the end of 30 days there were no failures.

Boeing studied both stress corrosion cracking and exfoliation and
reported a 90-day threshold in excess of 60 KSI for stress corrosion
cracking. Exfoliation was termed very slight with moderate pitting.

Spectrum

General Dynamics performed spectrum fatigue on specimens that were not
precracked but had centered hole in the test section. The spectrum was
equivalent to 400 hours on the lTower wing root of a fighter aircraft.

Crack growth was observed post-test on the fracture face. However, because
of the nonsymmmetric cracking it was not practical to reduce the data in
terms of a stress intensity factor. Total flight hours to failure appear
to be the most practical way to index the data. Besides tne tests run at

a maximum net section stress of 42 KSI on IN-9021 there were duplicate
tests performed on 7475-T7351. Flight hours to failure which included
initiation and propagation, were between 8,000 and 12,000 flight hours for
the IN-9021 while the 7475 had similar lives. It appears the materials are
equivalent.
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TABLE C13

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE C6 INDICATING EFFECT
OF STRESS RATIO
BOEING
MATERIAL: ALUMINUM IN9021
COMDITTON: T352
ENVIRONMENT: R.T. ,LAB AIR
DELTA K : DA/DN (10##%—6 IN. /CYCLE)
(KSI#INE#1/2)
A B C
R=+0. 06
A: 9. 11 1. 76
DELTA K B:
MIN C:
D:
10. 00 : 2. 47
13. 00 : 7.75
16. 00 : 18. 2
20. 00 : 31.7
A: 20.88 : 33.0
DELTA K B: :
MAX  C:
D:
120




CONDITION/HT: T352 ) ALUM. |
FORM: B. 91" TH FORGING YIELD STRENGTH: 72. 2 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: B3. 8 KSI j
ORIENTATION: T-L SPECIMEN THK:
FREQUIEINCY: 30. 88 HZ SPECIMEN WIDTH: INGB21 l
ENVIRONMENT: R. T.. LAB AIR REFERENCES: |
]
AK (MPA /M) AK (MPA /M)
4 10 40 100 4 10 40 100 B
@ E T T . = T T T T
}— —
" STRESS RATIO = +B. 86 = A — STRESS RATIO = E
10° 1= _ 107 = .
— —10"! — — 10"
- - =
103 = _ 10°% = ]
= E —{10? — —10° g
S 3 W 4 2
£ F —0? — —1w0’E
— " — -
2 .5 - h -5 7 2
©
3 ©E 10 YE T10¢ 3
~ = _ E R
. — - -
— -5 -5
g 5 1 g
10 ] 107 = -
.6 — -6
— h— 10 - - 10
- 7] - -
108 | o delah 1 o il 1078 TN Lo lih
1 4 10 40 100 1 4 10 40 100
© =2 AR R RIL] T T . @ =3RRI LLI T T .
" STRESS RATIO = =0 — STRESS RATIO = =10
107 = ] 10° |- ]
— —j10! — — 10"’
10° = _ 10° _
— .2 —
D —t o Q
E -4 — = 4 - = 4
010 = _ 10 = _4 3
IS - -3 — 3 g
Z — - 5 - g’
D 10°k — 10 = 4 oz
© > ~— 4 - v
v —10 — —10*
N = B 4"
10° {= 7 10° N
— —10° - 10°
7 3 T _a
107 a 107 | _
p— -6 p— -]
— = 10 |~ — 106
10" [ W Ly 1ol 10‘Br— Lo dofals Lo b sl =3
1 4 10 40 100 1 4 10 40 100
AK (KSI +/1n) LK (KSI 4/1n)
FigureC6. Fatigue Crack Growth Rate Data for IN-9021 Forgings;
Boeing
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TABLE (12

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE C5 INDICATING EFFECT
OF STRESS RATIO

GENERAL DYNAMICS

- —— - - -

MATERIAL: ALUMINUM INS021
CONDITION:
ENVIRONMENT: R.T. ,HI HUMIDITY
DELTA K . DA/DN (10##~5 IN. /CYCLE)
(KSI#IN##1/2)
A B Cc
R=+0. 10
A: 4. 53 : 12
DELTA K B:
MIN C:
D:
5.00 : . 153
6. 00 : . 316 .
7.00 .773
8.0) : 1. 92
@.00.: 4. 51
10.00 Q.82
13. 00 : 99. 2
146. 00 : 171.
20. 00 : 288.
A: 22.38 : 270.
DELTA K B: :
MAX C:
D:
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CONDITION/HT: , ALUM.
FORM: D. 75"TH FORGING YIELD STRENGTH: 74.8 KSI ALLOY
SPECIMEN TYPE: WOL. ULT. STRENGTH: B7.2 KSI
ORIENTATION: L-T SPECIMEN THK: ©. 398" —
FREQUENCY: 9. 98 HZ SPECIMEN WIDTH: 2. 553" PI—
ENVIRONMENT:  R. T., HI HUMIBITY REFERENCES:
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FigureC5. Fatigue Crack Growth Rate Data for IN-9021 Forgings;
General Dynamics
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TABLE C11

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE C4
OF STRESS RATIO

INDICATING EFFECT

LOCKHEED-GA
MATERIAL: ALUMINUM INZ021
CONDITION:
ENVIRONMENT: R.T. ,HI HUMIDITY
DELTA K DA/DN (10##-& IN. /CYCLE)
(KSI#IN#%1/2)
A B C
R=+0. 10 R=+0. 50
A: 5.68 : .04
DELTA K B: 1. 64 . .08
MIN C: 2 :
D:
2. 00 : . 151
2. 50 : . 270
3.00 : . 445
3. 50 : . 721
4.00 : 1.17
5. 00 : 3. 16
6. 00 . 0744 7. 90
7.00 : . 303 17. 3
8. 00 . 205 34.9
?.00 : 1. 89 66.8
10. 00 : 3.14 123.
13. 00 : 7. 65
A 14 .62 : 10.9
DELTA K B: 10.85 : 178.
MAX C: :
D:




CONDITION/HT: ) ALUM |
FORM: {1, 75"TH FUORGING YIELD STRENGTH: 77.7 KS1 ALLOY |
SPECIMEN TYPE: CCP ULT. STRENGTH: 88.2 KSI I
ORIENTATION: L—T SPECIMEN THK: @.248- B.234" »
FREQUENCY: 20. B8 HZ SPECIMEN WIDTH: 3, Q83-- 4. 209" INOD21 '
ENVIRONMENT: R. T, HI HUMIDBITY REFERENCES: !
— |
!
i
AK (MPA /M) AK (MPA /M)
4 10 40 100 4 10 40 100
@ 2 L LA LA L R N A R L . =17 T 11T T VT 3
| STRESS RATIO = +8. 18 = 10 rt STRESS RATIO = +B. 58 =
10° ] 10° _ -
po—r -1 : -1
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Figure C4. Fatigue Crack Growth Rate Data for IN-9021 Forgings;
Lockheed-GA
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TABLE C10

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE €3 INDICATING EFFECT

MATERTAL: ALUMINUM
CONDITION: T332
ENVIRONMENT: R.T.

—— T Y S T Pt A i e G S S e S T S T et - W SO

DEL.TA K
(KSI#*IN%#%#1/2)
A: 7.
DELTA K B:
MIN C:
D:
8
9
10.
13.
16.
20.
25.
A: 29.
DELLTA K B:
MAX C:
D:

10 :

.00 :
.00 :
00 :
o :
00
00 :
00

OF STRESS RATIO
BOEING

IN9021

LAB AIR

DA/DN (10##~& IN. /CYCLE)
A ) B C
R=+0. 06

1.77

°9
48
48
40
. 39

o
TN

2480.

2902.
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TABLE D2
7091-T7E69 EXTRUSION: 14" x 43"
TENSILE

' 4 4 o8 wiw (v
et e e v :

-"n

éé COMPANY TEST ORIENTATION ULT YIELD ELONG,
> TEMP STR, STR, %

. (°F) KSI KSI

o ALCOA RT LONG 84.8 75.9 9.
o 82.8 74.1 9.

5 84.2 75.7 10.

ALCOA 86.6 79.7 11.
87.1 80.2 11.

: AFWAL 84.9 77.
= 83.6 74.
84.7 77.

11.
11.

D P
PR
M R e ¢

wWw~N W owm [ IS 03,

- FAIRCHILD 86.1 75.
o 84.3 76.
e 86.1 80.

' 84.7 77.
= 90.7 85.

-

— W OoOWwWo
w
£ = —

—
o




':? - - T " ain ey ey 3 e e Tre s p. . " DR o LSMAME R 0 Soa i e min e bam eoe oo |

TABLE D3
< 7091-T7E69 EXTRUSION: 14" x 44"
‘ “
x TENSILE

! Fd - - -——

) COMPANY  TEST  ORIENTATION ULT YIELD ELONG,
& TEMP STR, STR, %
N (°F) KSI KSI

ALCOA RT TRANS 79.1 69.9 10.7(h)
76.5 66.7 10.
79.1 70.0 .3
- ALCOA 81.0 72.5 .3
- 80.9 72.8 12.1

Yol FAIRCHILD 82.0 73.0
1y 78.0 67.3
. 80.8 72.2

— s
N WO W N W (Vo)
L] ] L]
0 W W

. h) fragmented fracture

»“.' P

. o
+ A o

a a

“
-,
L
o
o
5
[l

B\ e s A mem et avmem
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R TABLE D4
7091-T7E69 EXTRUSION
TENSILE

;"{ COMPANY ORIENT ULT YIELD ELONG
STR STR %
KSI KSI
@:
- e e e e e -
}: ALCOA S TRANS 68.4 (h)

9.4
63.7 10.9
66.2 10.9
9.4
9.4
0.9

_:'
NN N
[s oW WVl

. ¢ o o
W = W WO WO =

b ALCOA 81. 69.6

- 81 69.2

R 81. 69.4 10.
o 8l. 70.2 9.4

.‘- i r

(h) fragmented fracture

a

(3
LN,

h nﬂ'.:')&.'\.:'l‘ el .

T
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2ty
e TABLE D5
) N
'iﬁ 7091-T7E69 EXTRUSION
i COMPRESSION

g e ——— -

. COMPANY ORIENTATION COMP .2%
YIELD STR
(KSI) ~

Pl

-J

.:1 e ~
oo

V% ALCOA LONG 75.4

74.7
o 75.7

o ALCOA 81.2

L
s FAIRCHILD 73.9
o 5§7.2 *
): 73.6
> 73.4

. 50.0 *

* Eliminated from analysis
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TABLE D6

7091-T7E69 EXTRUSION

COMPRESSION

COMPANY

ALCOA

ALCOA

FAIRCHILD

- - -

ORIENTATION

—— e ——— . . - —

TRANS
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TABLE D7
7091-T7E69 EXTRUSION
SHEAR

—— - ——————————— - - -———— - -

COMPANY ORIENTATION SHEAR STR,
(KSI) 1

ALCOA LONG 46.
45,
46.

ALCOA 48.
47.

— 00 =

FAIRCHILD 50.

o
(Yol

- . [ ] . [ ]

PO =0 =

r-
oS

-’..
T

AR RS 2T
AAL .../ FURPLA P
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2
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TABLE D8
7091-T7E69 EXTRUSION
SHEAR
COMPANY ORIENTATION SHEAR STR,
(KSI)
ALCOA TRANS 45.0
43.8
44.8
ALCOA 46.2
45.1
FAIRCHILD 46.1
44.5
46.7
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‘ TABLE D9

| 7091-T7E69 EXTRUSION

l BEARING

. COMPANY ORIENT e/D LT YIELD |

! BEARING BEARING

J STR(KSI) STR(KSI)

; ALCOA LONG 1.5 120.0 99.2
121.2 102.4
124.5 104.4

) ALCOA 127.2 107.1

- 128.3 104.3

. FAIRCHILD 126.2 105.7

| 123.4 103.6

N 127.9 108.2

; 130.8 108.6

3 121.0 100.3

a4’ s s S

LI =1

e T e e e WM R ST LT, a"a

[
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"
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COMPANY

ALCOA

ALCOA

FAIRCHILD

TABLE D10

7091-T7E69 EXTRUSION

BEARING

ORIENT e/D uLT YIELD
B. STR, B. STR,

(KSI) (KSI)

LONG 2.0 154.6 o 119.7

154.6 121.4

156.8 125.0

163.2 118.2

162.6 124.2

160.1 121.4

182.1 108.8

155.4 117.8

158.8 118.7

160.4 124.2
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TABLE D11
7091-T7E69 EXTRUSIONS

BEARING
COMPANY ORIENTATION e/D ULT. YIELD
B. STR, B. STR,
(KSI) (KSI)
FAIRCHILD TRANS 1.5 109.3 97.7
107.4 97.
108.7 94.1
2.0 139.3 111.5
141.4 111.2
142.6 119.4
144.3 117.8
143.3 113.9




TABLE D12

7091-T7E69 EXTRUSION

FRACTURE TOUGHNESS

COMPANY ORIENT K K COMMENT
(KSIYIN) (KSIYIN)
ALCOA L-T 42.3 VALID
48.1 VALID
35.8 VALID
ALCOA 45.8
43.1
50.4
52.9
ALCOA T-L 28.3 VALID
32.3 VALID
26.6 VALID
ALCOA 31.4
32.4
30.7
32.2
ALCOA S-L 27.3 VALID
29.8 INVALID Specimen
not thick enough
25.7 VALID
ALCOA 26.

27.

w WO
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TABLE D13

FATIGUE RESULTS FOR 7091 EXTRUSIONS; R=O,1,Kt=1.0

Stress Cvcles Fail(1)
PSI No Fail(0)
450C0 1126780¢C 0
45000 12659400 0
45007 13354000 1
47000 63100 1
47Nn0N £95n 1
47009 104025 0¢C 0
47000 12771808 0
480C0 10153100 0
qannpn 215400 1
4ap00? 5243700 1
4annn 7431700 1
50000 474900 1
52000 263300 1
52000 5953200 1
"&EQONC 110580 1
5500¢ 1843390 1
55000 444010 1
5500¢ 144650 1
57000 5189 "N 1
57000 1335200 1
soqnn 4603400 1
670000 326090 1
7nQnn 392910 1
70000 31200 1
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TABLE E2
7090 EXTRUSION; 14" x 41"

TENSILE
COMPANY TEST TEMP ORIENT uLT YIELD ELONG
STR, STR,
(KSI) (KSI) (%)
ROCKWELL RT LONG 87.2 81.3 8.5
88.2 82.3 9.4
90.1 84.2 10.1
VOUGHT 91.5 85.4 9.9
90.1 85.4 8.9
86.0 81.3 -
ALCOA 91.8 85.3 9.5
86.8 80.0 9.5
90.3 83.7 9.5
BOEING 90.6 84.1 9.1
89.2 84.5 9.5
ALCOA 92.5 87.8 10.0
89.1 82.8 10.0
93.8 88.8 7.5
92.1 86.4 10.0
AFWAL 93.9 88.7 8.5
91.6 85.4 9.5
93.7 88.7 10.6




L 48.
LT 46.

L 87.
LT 83.
S 82.

W - O

L 81.
LT 75,
S 70.

OO,

L 80.4
LT 80.3

"no

) 126.0
) 157.7
.5) 126.
) 172.

oo N
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—

(=4

-
O O =

—
]
-
—
w
¢ o
wow

TABLE E1
SUGGESTED ALLOWABLES FOR
7090-T7E71 Extrusions

1%" X 4%"

NOTE:

These values were developed to be

used only in a cost-benefit-analysis and
are not necessarily accurate for design
of hardware.
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APPENDIX E
7090-T7E71 EXTRUSIONS

NOTICE: Suggested allowables, mean trends, and trend
curves in this document were developed to be used in

a cost benefit analysis to assess the potential benefit
of using the material in a structure. These suggested
allowables and trends are not considered accurate for
design of actual hardware.
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Figure D5. Specimen Used to Generate Data in Figures D6 and D7.
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STRESS CORROSION

ALCOA reported there was no exfoliation corrosion in 7091 extrusions
using an accelerated corrosion test. Tabular stress corrosion results are
presented in Tables D17 and D18.

SPECTRUM FATIGUE CRACK GROWTH

Figures D5 to D7 are, respectively: 1) a specimen drawing, 2) results of
spectrum fatigue crack growth tests using Mini-TWIST spectrum, and 3) the
results of spectrum fatigue tests using the FALSTAFF spectrum. These data,
developed by AFWAL, are shown along with similar data for 7050-T76 plate. In
general, 7091 out performs 7050.




TABLE D16 |

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

' DATA ASSOCIATED WITH FIGURE D4 INDICATING EFFECT
, OF STRESS RATIO
. Alcoa

MATERIAL . Al UMINUM 7071

CONDITION: T7ELH
ENVIRONMENT: KT, H1 HUMIDITY

e e . T A T T S — - S e ——— Y —— ) T G G . iy ot . - S S B T T o o o o e S g o

DIl TA K : DA/DN (10##-6 IN. /CYCLE)
(KSI#INKRL/D)
A B c D
R=+0. 10 R=+0. 33
A 1. 66 . 0451
DELTA K bB: 1. 31 . 0252
ML C:
D:
1. 60 : . 0702
2. 00 : . 0787 . 133
2.50 : . 14,0 . 235
3. 00 : : . 300 . 400
3. 50 : . $49 . 6593
4. 00 : . 8BS 1. 02
5. 00 1. 95 2. 20
4. GO . 3. 98 4 13
7.00 : 5. 83 7. 00
8. 00 : 8.72 10. 9
3. 00 1:2. 2 15. 8
10. 00 : 16. 4 21.7
3. 00 : 32.0 43. 9
146. 00 91. 4 é6&8. 3
20. 00 00. 4
A 21.38 . 0.7
v DELLTA K B: 16.97 : 75. 7
oL MAX C: :
. D:
"
N
N
-




CONDITION/HT: T7EBS ALUM,
'y FORM.  1.SB8"TH EXTRUSION YIELD STRENGTH: 68.8 KSI ALLOY
S SPECIMEN TYPE: CT ULT STRENGTH: 78.2 KSI
. ORIENTATION: T-L SPECIMEN THK: B. 245- ©. 252"
FREQUENCY:  25. 080 HZ SPECIMEN WIDTH: 1.898- 2.288" p——
ENVIRONMENT:  R. T., HI HUMIDITY REFERENCES:
AK (MPA /m) AK (MPA /m) ,
4 10 40 100 a 10 40 100 |
@ H N AL B RN L B I =3 BN BALIL N RS RN
[ STRESSRATIO = +@.18 = 10 [ STRESSRATIO = 49,33 =
10-2 - 162 — - ‘
- 1 10" : a 10-' |
103 = _ 10%= ]
= FE —410? - —10% g
S 3 — 3 32
310 = - 4 &
s E —10° = -
Z - 3 g
T 10 Z
3 — 1o o4 3
— = = o
10° |= _ N
— —0® —0®
S ~ 3
107 _
= ‘;- 10° — 10-6
10'5_ T T 1 o 1yl 108 Lt Lo il L o Lol
1 4 10 40 100 1 ) 10 20 100
© ET 7T T I o © ETTUTTT T T .
[~ STRESS RATIO = =10 — STRESS RATIO = =10
.2 [ : 20 -
10" . 10 = -
ad =
— —{10" — —10"
107 b= _ 10° - _
- F —10? — —Jw0?g
] — -~ N - [
510 ] 10 L 4 3
s — — 10° - —10° E
r N o = S50 =
E 10'5 — — 105 - ] %
L - —J10* =t —10* &
N = = °
; 10° b= _ 10° _
— 10° — S
: E — = A
o 107 = - 107 -
7 - —10° - —{10°
‘0‘5 N W S [N ] 10'a 1 2 sy e =]
1 4 10 40 100 1 a 10 40 100
&K (KSI V/1n) AK (KSI /0)

Tiqure D&. Fatique frack Crowth Rate Nata for 7091 fxtrusions: ALCOA,
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“ TABLE D15
v FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
- OF STRESS INTENSITY FACTOR
. DATA ASSOCIATED WITH FIGURE D3  INDICATING EFFECT
SO OF STRESS RATIO
- Alcoa
1 MATERIAL: ALUMINUM 7091
= CONDITION: T7E&9
ENVIROMMENT:  R.T., HI HUMIDITY
= DELLTA K : DA/DN (10%%-6 IN. /CYCLE)
- (KSI®IN%#1/2)
;. ' A B c 1
i : R=+0. 10 R=-+0. 33 R=+0. 80
) A 1.57 . 0144
- DELTA K B:  1.15 : . 0281
o MIN C:  1.00 : . 00857
-; D: .
: 1.30 : IR o X¢ 24 . 0382
R 1.0 : . 0174 . 0489 . 0878
5 2.00 : . 0759 . 0866 179
2.50 : . 142 173 . 453
3.00 : 216 . 331 . 674
. 3.50 : . 350 . 581 : 1.3
\ 4.00 : . 573 CEE 2. 76
» 5.00 : 1. 43 2.17 13. 8
" 6. 00 3. 04 4. 10
o 7.00 : 5. 51 6. 74
3 8.00 : 8. ¢4 9. 94
9. 00 : 12.0 13. 5
: 10. 00 : 14. 9 17.0
13. 00 : 25. 4
A 11.96 18. 0
P DELTA K B: 14.48 : 27.5
= - MAX C: 5. .04 : 11. 8
. D: :
-
-
..
).
L
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CONDITION/HT: T7E0Q ) ALUM.
FORM: 1.S5B8"TH EXTRUSION YIELD STRENGTH: 73.2 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 83.8 KSI
ORIENTATION: L=T SPECIMEN THK: ®@. 248~ 0O.232" .
FREQUENCY:  10.B88- 25.88 HZ SPECIMEN WIDTH: 2, B823- 2.545" 7091
ENVIRONMENT:  R. T..HI HUMIBITY REFERENCES:
AK (MPA /m) AK (MPA /m)
4 10 40 100 4 10 40 100
@ET T T TR AIBANA BB RN K]
 STRESSRATIO= +8. 18 30 — STRESS RATIO = +2.33 =
10° = B 10° -
- —10"! — — 10"
103 _ 10%|= ]
- - - -2
s [ =1 - =R
-y - -4 — -1 S
S10 = — 10 = ~ 2
s F —10?® — % —10°
Z I - — - =
S0 n 10° J .3
s [ = 10 — — 10 8
10° = Z 10° = _
— —10° — —J10o*
107 : : 107 i :
[ ~J1i0® -6
= 10 me ?. 10
10‘8%1' Ul TR T 01 I W S TR 11 108 Ll o 1 Lol ST IFH ¥ 1 B
1 4 10 40 100 1R 4 10 40 100
© ET T T T o © Exl T T T ]
— STRESSRATIO = «g.8g 0 ~ STRESS RATIO = 510
10° = _ 10° | N
= —0’ = —10
10° = B 10° = :
[— .2 - 2
s . Z Nu . o
g0 . 3 vE — a3
s - —10 — —10? E
Z o : - p— : 4
T10°k _ 10° -
g : — 10.‘ — — 10-4 E
N = [ = °
10° b= 7 10° = n
- —10° — 10
107 7] 107 = N
—10° — —10°®
10 s N i T P N Y 10‘3- 1 o bl L Labilad
a4 10 40 100 1 4 10 40 100
AK (KSI +/in) AK (KSI +/1n)
Figure D3. Fatique Crack firowth Rate Nata for 7091 Extrusions: ALCOA.
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TABLE D14
FATIGUE RESULTS FOR 7091 EXTRUSIONS; R=0.1,Kt=3.0

Stress Cycles Fail(1)
pPSI No Fail(0)

28000 12797300
240C0 1088810606
250090 13718700
26000 11354900
26000 11980200
26200 150382932
27000 5845600
27500 10031500
28000 382090
2800¢C Tneds
280C¢C 20880¢0
283338 46271C0
28000 ©9046C0
285040 46300
28500 11031350
29n00 2E97N0
3000C 32600
3n030 833370
306000 287300
30000 39000
30000 103000
32000 34833
32000 36409
32000 44300
35000 28250
35000 2739¢C
40000 12469
400C0O 14807
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E: TABLE E3
& 7090 EXTRUSION
. TENSILE
o
% COMPARY TEST TEMP ORIENT ULT YIELD  ELONG
x OF STR, STR, ) (%)
e (KS1) (KSI)
3
. ROCKWELL RT TRANS 86.0 79.3  10.9
CA 85.7 77.5 9.6
: 86.0 8.7  10.3
< ALCOA 86.4 78.6 7.9(h)
% 81.8 74.0 7.9(i)
- 85.7 77.9 7.9(1)
- BOEING 85.8 78.4  12.0
- 85.6 77.6 5.7
i ALCOA 86.9 78.9  12.0
- 89.4 82.4 8.6
o ALCOA RT SHORT 86.5 71.8 7.8
- TRANSVERSE 82.6 70.0  10.9
‘ 85.3 73.5 7.8
) 86,2 75.9 4.7
I 87.2 75.6 6.3
N 88.5 77.1 6.3
333 82.3 76.4 1.6*
N

(h) Fragmented fracture
(i) failed outside middle half of gage length
* eliminated from analysis
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TABLE E4
7090 EXTRUSION

e COMPRESSION

- COMPANY ORIENTATION COMP
| YIELD STR
(KSI)

o ROCKWELL LONG 83.9
b CA 85.

.
N

R ALCOA 84.

-
~J
(Vo)

W W O

1 BOEING 84.

[02]
(3]
O~

&

o ALCOA 86.7
i 89.8
>

o ROCKWELL TRANS 85.0
s 86.1
o 85.6

ALCOA 4 84.

oo

N
. )
w W AW,

Y ALCOA 84.
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TABLE E5

7090 EXTRUSION
SHEAR

COMPANY ORIENTATION SHEAR
STR
(ksI)

ROCKWELL LONG 48.3
50.3
51.1

ALCOA 50.4
48.0
49.4

ALCOA 50.8
52.4

ROCKWELL TRANS 54.3
50.4
49.9

ALCOA 49.2
46.5
48.3

ALCOA 48.7
49.9

A
AT "t
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TABLE E6
- 7090 EXTRUSION

BEARING
N : COMPANY ORIENT e/D BEARING BEARING
, ULT(KSI) YIELD (KSI)
ALCOA LONG 1.5 131.6 113.4
126.0 106.1
130.5 110.7
ALCOA 135.5 118.4
136.8 121.6
v ROCKWELL TRANS 127.0 105.9
- CA 128.4 108.3
o .9




LI o o M et St - i o i b <l A I G Rt~ el GBI ML Mad ad i dh B Lt M Ml SMAE SR A (e ibus v iat B b by B mes 'l!','QHmF-_'!—'T

TABLE E7
7090 EXTRUSION
BEARING
COMPANY ORIENT e/D BEARING BEARING

ULT(KSI) YIELD(KSI)
ROCKWELL LONG 2.0 160.8 119.6
158.9 119.5
164.8 122.8
= ALCOA 170.7 134.8
L 157.7 122.6
. 166.0 130.6
ALCOA 163.1 133.3
' 162.7 128.8
3 169.5 139.2
i 167.9 1.2.5
R ROCKWELL TRANS 2.0 173.4 126.0
i 172.8 125.9
Fi 174.3 127.3
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TABLE E8

SANEN. S "‘f-.‘;
-

I.-\.l’

7090 EXTRUSION

P4

FRACTURE TOUGHNESS (KIC)

Tl A

COMPANY ORIENTATION  Kp¢ Kq Comments |

KSWIN  KSIJIN

PRrSet W

.

ROCKWELL L-T 30.2 Crack deviation
| from notch
= 29.8 Crack deviation
N from notch
< ALCOA 22.2 VALID
) 28.1 VALID
' 25.1 VALID
:§ ALCOA 22.0
" 19.3
D
f VOUGHT 16.4 INVALID
! 18.9 INVALID
Is
; EOEING 19.6 VALID
8
E ROCKWELL 19.5 VALID
: 19.8 VALID
: ALCOA 14.9 INVALID
19.4 VALID
i 17.6 VALID
ALCOA 16.0
13.5
' ALCOA S-L 14.0 INVALID
: 19.2 VALID
: 16.1 INVALID
- ALCOA 12.3
: 10.3
|
1
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TABLE E9

FATIGUE RESULTS FOR 7090 EXTRUSIONS; R=0.1, kt=1'0

Stress
PSI

40000
420C0
430CC
44CC0
450C9
45009
45000
450C0
45C00
45000
47000
480C0
49000
S400C
508000
515¢0
53e¢C¢0
53000
53e0¢0
55000
55800
573¢A
S5798n
590¢€0
€N30¢C
6C13D
610060
644C0
6ESTN
68700

7905

700¢¢G
70008
73000

Cycles

13750309
11003500
148232090
15052600
56200
1071850¢
11117907
1504440¢
11336300
2255090
€026570
66350
1578790
30620
70860
10300000
29310
114100
447000
1165800
103000060
2338600
543800
7522060
3718
340C000
€97700
3g7gzo0
332340
11431
20200
36C00
14530
7789

Fail (1)
No Fail (0)
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TABLE E10
FATIGUE RESULTS FOR 7090 EXTRUSIONS; R=0.1, Kt=2‘5

Stress Cycles Fail(1)
PSI No Fail(0)

17500 10000c00 n
17500 i1goo00000 0
20000 4200125 1
21000 49720129 1
23100 25000 1
23100 24000 1
26200 72400 1
26200 51500 1
33200 14703 1
332¢C0 14280 1
38400 5400 1
40000 3690 1
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TABLE E11
FATIGUE RESULTS FOR 7090 EXTRUSIONS; R=0.1, Kt=3.0

Stress Cvcles Fail(1)
20000 11021400 a
22000 1306711¢0 G
25000 255080 1
25002 13183700 9
26000 1092700¢C 0
26003 132286523 C
260030 14996800 0
27500 13173700 €
28000 102000 1
280¢0¢0 8473200 1
28000 1541215¢ i}
28500 17619400 1)
285035 12543100 1]
30000 262830 1
33000 263200 1
30000 513%100 1
30000 251300 1
30000 54290 1
32000 50700 1
33600 75300 1
326C0 100020 1
32000 2114800 1
34000 36100 1
35900 488069 1
35000 29500 1
40000 12850 1
40000 17730 1
43000 7709 1
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CONDITION/HT: T7E71 , ALUM.
FORM: 1.5@8"TH EXTRUSION YIELD STRENGTH: 82.6— 83.0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 88.5-~ 88.86 KSI
ORIENTATION: L-T SPECIMEN THK: 8. 245- B. 497"
FREQUENCY: 20. 88~ 75.08 HZ SPECIMEN WIDTH: 1.967- 2.508" ——
ENVIRONMENT: R. T..HI HUMIDITY REFERENCES:
AK (MPA /M) AK (MPA /M)
4 10 40 100 a 10 40 100
@ ET T T T . @ 7T T T A
| STRESS RATIO = +@. 18 =10 ; STRESS RATIO - +@. 33 =
-2 1 . —
10° |- ] 102: ]
- _lint 1
—10 — —{ 10
107 = B 10% = B
s F —{107 — =)
Q ; 4 - & - Q
R - —]107 - —f10” E
d — - — 1 =
S 10° 10° z
< o . .4 - —1...°
-G — : R = :
10° b= _ 10° = _
- - —{10° — —{10°
107 = : 107 :
H - 10'6 — 10 6
w N —
10‘5 a | 41y Ladahih 10'5 | 1411!111 L obadd
1 4 10 40 100 m 10 40 100
© L I A4 L B R M . @ =T T 7T T T
u STRESS RATIO = +@. 88 = 10 = STRESS RATIO = —10°
2 — 2 —
10 = - 10 —
B ‘3510'1 — —10"
107 = ] 10° = B
- -2 p— R
§ — __:. 10 - — 10 2 §
Q — — 4l - S
R = 1. 10* = i
= - —10 — —J4p3 E
.y [ = B =10" g
Z s — .5 - g
= 10 = - 10 _ %
s E —J0* — —10' s
10° B 10° = B
o .5 - —
— —J10 — —10°
froe. — - —
10’ - 107 -
- 10.6 : -— 10—6
—— . —
108 1 4%11111‘0 1 xai)xlllloo — 10'3 | nn Lo el
1 1 4 10 40 100
l AK (KSI /1n) AK (KSI V/n)

Fiqure F4. ratique Crack Growth Rate

NData for 7090 Extrusions: Alcoca & Rockwell
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TABLE E12

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE E4 INDICATING EFFECT
OF STRESS RATIO

Alcoa and Rockwell

e me ia e e e e e e e L e R e S e T4 L T e e A= e S e e e e S frn m e . Lo i tE e i T e v R Bem e e e = L - ST e e e e e e —_—— .

MATER AL ALLUMIT NUM 700
TONDITINON: T7F71
ENVIPONMENT: T, L HI HUMIDITY

o e i i e . e o e ot Bl e - M T = s e et S Ss 8 o T h 1 T S h® e am =& . e e e - e s s o A M e e e s s

DELTA K : DA/DN (1O##-6 TN /CYCLE)
(KST#IN##1/2)
A B {: 1
R--+¢G 10 fio +0. 33 R:-4-0. BO
A 1. 20 Q482
TFLTA KB 1.11 oOYvLy
MTil (O 1. GO 0109
1)
1 30 . 0n07 QM0 . 0004
1 60 . 06GL T 077 0202
200 Lo 106 L0
10 BN R RVAV 176, C 4
300 309 3ié L
J. 50 Li6 =T ) 1 81
4 00 .29 {u41
5.09 RSS! « 9¢
6o GO 409 95 51
7 00 719 10 1
0. 20 1o 7 16 D
@00 13 226
1 L0 19 29 2
12 S0 20 3 1i. 0
A\ 14 33 oA
w b TA KT 13 17 41 1
R TAN ¢ ; 1A
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THE MECHANICAL PROPERTY DATA BASE FROM A COOPERATIVE 3/4
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CONDITION/HT: T7E71 _ ALUM.
FORM: 1.5B"TH EXTRUSION YIELD STRENGTH: 84.3 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 89.9 KSI
ORIENTATION: L-T SPECIMEN THK:
FREQUENCY:  10. 08— 38.08 HZ SPECIMEN WIDTH: p——
ENVIRONMENT:  R.T..LAB AIR REFERENCES:
4AK (MPA /M) 4AK (MPA /M)
10 40 100 10 40 100
@ = LA L A L) B AN A R L . =17 T T T TTTT
STRESS RATIO = +0. @6 =10 — STRESS RATIO = =
.2 F— — .2 — —
107 = ] 10° = _

- —{10"' — — 10"’

10°% = _ 10% = _

- -2 — -2
§ — i 10 — - 10 §
S - " 94 =
310° - 10 4 o
5 — - 10-3 — —] 10-3 E
z — Z — 3 =
S0k / ] 10° 1 2
° - — 10°¢ [ — 10 g
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Figure E5. Fatigue Crack Growth Rate Data for 7090 Extrusions: Boeing
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TABLE E13
FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR
DATA ASSOCIATED WITH FIGURE E5 INDICATING EFFECT
OF STRESS RATIO
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Figqure E6. Fatique Crack Growth Rate Data for 7090 Extrusions: Alcoa & Rockwell
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TABLE E14

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE E6 INDICATING EFFECT
OF STRESS RATIQ

Alcoa and Rockwell
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STRESS CORROSION

ALCOA reported there was no exfoliation corrosion in 7090 extrusions
using an accelerated corrosion test. Boeing reported the stress corrosion
cracking threshold for 90 days exposure was greater than 60 KSI and that there
was a very slight amount of exfoliation but no pitting. Tabular stress
corrosion results from ALCOA are shown in Tables E15 and E16.

SPECTRUM FATIGUE CRACK GROWTH

Figures E7 to E9 are, respectively: 1) a specimen drawing, 2) results of
spectrum fatigue crack growth tests using the Mini-TWIST spectrum, and 3) the
results of spectrum fatigue tests using the FALSTAFF spectrum. These data,
developed by AFWAL, are shown along with similar data for 7050-T76 plate. The
7090 is inferior to 7050.
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Fiqure E7. Specimen Used to Generate Data in Figureé E8 and E9.
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APPENDIX F
IN9021 EXTRUSIONS

Comment: Extruded IN-9021 was supplied by Novamet. However, the samples
were shipped by the processor before a final heat treatment was applied
to the extrusions. This was caused by the fact that Novamet had not yet
determined what they considered the best aging temperature. Information
on final aging time and temperature was supplied to the participants and
they were asked to process the extrusions. It is assumed that unless
stated otherwise the participants followed the recommended schedule.

This data base on IN-9021 consists of test results from ALCOA, Boeing,
Lockheed-California, Fairchild and Northrop. It is assumed that four of
the companies processed the extrusions accorging to the information pro-
vided by Novamet, that being 24 hours at 275 . The exception is Boeing;
extrusion processing is as indicated in the tables and this data was not
included in the calculation of allowables.

NOTICE: Suggested allowables, mean trends, and trend
curves in this document were developed to be used in

a cost benefit analysis to assess the potential benefit
of using the material in a structure. These suggested
allowables and trends are not considered accurate for
design of actual hardware.
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............
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TABLE F1
SUGGESTED ALLOWABLES FOR
IN-9021 Extrusions; 5/8" x 2-1/2"

Ftu’ KSI
L 88.3
LT 86.2
F.» KSI
RN 83.1
LT 74.2
» KSI
L 60.1
LT 78.3
Fo..» KSI
UL 47.2
LT 47.4
Fbru’LKSI
(e/D=1.5) 118.2
(e/D=2.0) 145.2
LT
(e/D=1.5) 114.2
(e/D=2.0) 149.3
Fby’ ESI
(e/D=1.5) 99.2
(e/D=2.0) 117.8
LT
(e/D=1.5) 99.6
(e/D=2.0) 120.3 NOTE: These values were developed to be
Kics KSIVIN used only in a cgst-benefit-ana]ysis_and
25 2 are not necessarily accurate for design
%I 28.0 of hardware.
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TABLE F13
FATIGUE RESULTS FOR IN9021 EXTRUSIONS: R = 0.1, Kt =

itress Cycles Faii
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TABLE F12

IN-9021 EXTRUSION
FRACTURE TOUGHNESS

COMPANY ORIENTATION KIC KQ COMMENT
(KSIJIN) (KSIJINY
NORTHROP L-T 28.0 valid
27.5 invalid
ALCOA 25.6
25.2
LOCKHEED 30.0 valid
CA 25.9 valid
BOEING (x) 25.4 valid
BOEING (y) 41.5 valid
NORTHROP T-L 28.0 valid
32.0 invalid
ALCOA 30.3
31.0
BOEING (x) 28.5 valid
(x) T6X solution treated, quenched, stretched 4«7, artificially aged

(y)

T6Y solution treated, quenched artificially aged

[




TABLE F11

IN-9021 EXTRUSION

BEARING

COMPANY ORIENTATION e/D ULT YIELD
B STR B STR

KSI KSI

LOCKHEED TRANS 2.0 161 153

CA 164 152

169 165
FAIRCHILD 152.2 123.7
151.1 120.9
149.4 123.6
149.3 124.2




Mol o Ly

TABLE F10

IN-9021 EXTRUSION

BEARING

COMPANY ORIENTATION e/D ULT YIELD
B STR B STR
KSI KSI

LOCKHEED TRAN 1.5 133 127

CA 128

130 127

FAIRCHILD 117.1 104.1
114.2 99.6
115.6 100.6
120.7 108.2
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TABLE F9
IN-9021 EXTRUSION
BEARING

COMPANY ORIENT e/D ULT YIELD
B STR B STR
KSI KSI

LOCKHEED LONG 2.0 164 139
CA 162 126
162 143

FAIRCHILD 147.4 122.4
148.5 121.5

150.6  123.4
145.2  119.5
149.0 117.8
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TABLE F8

IN-9021 EXTRUSION

BEARING

COMPANY ORIENTATION e/D ULT YIELD
B STR B STR
KSI KSI

LOCKHEED LONG 1.5 134

CA 134 m

127 109

BOEING (x) 128.2

BOEING (y) 123.8

FAIRCHILD 118.2 103.2
118.9 99.2
121.5 105.7
120.9 103.5
120.3 105.4

(x) Solution treated, quenched, stretched 4%, artifically aged
(v} Solution treated, quenched artificially aged
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TABLE F7

IN-902

1 EXTRUSION
SHEAR

COMPANY ORIENTATION

ULT
SHEAR STR

LOCKHEED TRANS
CA

BOEING (x)

FAIRCHILD

* Double Shear Tests

48.0%
47.7*
47.4%

44.6
43.8

48.2
49,7
53.6

(x) Solution treated, quenched, stretched 4%, artificially aged
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> TABLE F6
IN-9021 EXTRUSION
AN SHEAR

COMPANY ORIENTATION ULT
. SHEAR STR

»E LOCKHEED LONG 49.1*
CA 49.0*
48.,5*

BOEING 43.8
44.6

o 47.7
o 47.2
48.4
L 48.6
B 49.9

b
o FAIRCHILD  ° 48.4
<

* Double Shear Tests
e (x) Solution treated, quenched, stretched 4%, artificially aged
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TABLE F5
IN-9021 EXTRUSION
COMPRESSION

COMPANY ORIENTATION COMP YIELD

STR (KSI) .

LOCKHEED TRANS 83.2 ROUND

BOEING (x) 83.1

(x)

84.6 ROUND
78.3 ROUND

84.5

Solution treated, quenched, stretched 4%, artificially aged
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TABLE F4

IN-9021 EXTRUSION
COMPRESSION

COMPANY ORIENTATION comp
YIELD STR
. ' KSI

LOCKHEED LONG 75.9 FLAT
CA 76.3 FLAT
74.4 FLAT
BOEING (x) 77.0
77.7

BOEING (y) gz.g

FAIRCHILD 60.6
65.1
63.8
60.9
60.6
60.1

(x) Solution treated, quenched, stretched 4%, artificially aged
(y) Solution treated, quenched, artificially aged
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TABLE F3
IN-9021 EXTRUSION:  5/8" x 2-1/2"

TENSILE

COMPANY ‘ ORIENTATION ULT YIELD ELONG
STR, STR, %
KSI KSI

LOCKHEED TRA™S 76.6* 63.8* 5*

CA 75.2*% 62.2* 8*

87.2 74.2 10

NORTHROP 87.4 77.0 10.0
86.8 76.4 10.0
87.6 80.2 9.0

ALCOA 86.2 74.8 ]]‘O(d)
87.3 74.9 8.0
86.9 74.9 11.0

* Failed @ surface flaw or in radius. Eliminated from analysis
(d) Failure outside of middle half of gage length

.
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TABLE F2

IN-9021 EXTRUSIONS: 5/8" x 2-1/2"

TENSILE
COMPANY ORIENTATION LT YIELD ELONG,
STR, STR, g
KS1 Ks1
LOCKHEED LONG 91.4 83.6 10
CA 91.7 84.7 10
91.8 84.6 10
NORTHROP 90.5 86.9 7.0
89.6 85.4 8.0
90.3 86.9 7.0
ALCOA 89.9 84.5 9.3Eg)c)
88.3 83.3 9.3(bs
89.0 83.8 7.9
BOEING 93.3 87.0 6.1 (x)
92.5 86.6 8.8
91.7 86.0 5.5
BOEING 84.3 84.3 11.0 (y)
82.0 82.0 1
83.5 83.5 5.5
FAIRCHILD 90.5 90.0 8.4
90.2 87.1 9.1
89.1 87.3 9.2
89.2 83.1 3.4
90. | 85.7 8.0
89.1 85.9 8.3
89.5 85.2 9.3
90.0 86.3 8.6
86.8 82.6 7.5

(x) T6X: solution treated, quenched, stretched 4%, artificially aged
(y) TeY: solution treated, quenched, artificially aged

(b) Internal discontinuity

(c) Fragmented fracture
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TABLE Fl4
FATIGUE RESULTS FOR IN9021 EXTRUSIONS: R = 0.1, Ky = 2.7

Ssress Cycles ;g1}g}%(0)
SI

225%0¢0 160000060 r
2400 102010000 r
250070 2a9063% 1
2/00" 184176 1
2E N0y celurp 1
280N 241700 1
2750¢C £3111 1
el AR RE4 TN 1
2780 BEDLD 1
2756¢ #eLo " ?
22300 585R72 i
Jraone 220700 1
3roep 215520 1
zopop 42640000 1
31000 L7000 1
31ENn 940Nt 1
32709 20218 1
IpEND 1/111 ]
32510 2602”7 1
24900 16074 1
350¢0 46007 1
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TABLE F15

FATIGUE DATA FOR IN-9021 EXTRUSIONS: R=0.1, Kt=3.0

Stress Cycles Fail (1)
PSI No Fail (0)
24000 159100 1

24000 8752650 1

24000 10805550 0

24000 11060900 0

26000 57500 1

26000 83000 1

26000 510200 1

26000 32990400 1

28000 94250 1

28000 99900 1

201

R PR I TR TR Lo

A LTt T AT A R L L e A LT e T e eiwis L . .

FIREIRS NIRRT Rt Sal T Ja S S S B A IO ISR YRR O S o P SR o & R I S B O St T St St
A TR UL S TR S LA T A R T B S S L e e, A :‘h‘;‘"h:'_:',.'i.';" ‘-}l}:‘n" \"'".‘.:)‘ T “'.L..'- ")"“."‘l“




f g g s

P EL

- & oo

RO

e T "R

T W L. T L TN O T T RT .

CONDITICN/HT: _ . . ] . _ ALUM,
FORM: . Sd— ©.B63"TH EXTRUSION  YIELD STRENGTH: 83.9 - BG.4 KSI ALLOY |
SPECIMEN 1YPE: CT7T ULT. STRENGTH: B8%.1-- Qil. 1 w31 !
ORICHN TATION: LT SPEGIMEN THK' 1. 1003~ B. HU8" -
FREQUENCY: 5.00- 2%5.088 HZ SPECIMEN WIDTH: 1. 487 2. 204" MIroa !
ENVIRONMENT:  R. T., HI HUMIOITY REFCRENCES: 190: |
] i
- i
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. n
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Figure F4._Fatigue Crack Growth Rate Data for IN9021
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TABLE F16

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE F4 INDICATING EFFECT
OF STRESS RATIO

ALCOA, Lockheed-CA, and Northrop

FHATERIA ¢ ALUMINUM 1IN0
COND LTI
FNVIRONMNMU N R T, »H HUCMILITYY
DLi ¢4 K : DAZLN (1O##=& N, /CYCLE)
(ROIwiNnwat/sz)
A R C o

Lz 16 Re=+0. 133 =+0. )
1.7¢ 0420

. SC : . 0144
L. . 161

DELTA K
MIN

UC':(‘:P

Vol . 0716
200 ¢ (1,66 .. 137
LT . 1024 . 230 . 1700

20D . 230 o) )]
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CONDITION/HT: ALUM.
FORM: B.62"TH EXTRUSION YIELD STRENGTH: 88. S KSI ALLOY
SPECIMEN TYPE: OTH ULT. STRENGTH: 82.S KSI
ORIENTATION: L—-T SPECIMEN THK: 8. 822"

FREQUENCY: 25. 88 HZ SPECIMEN WIDTH: ©. 888" INSB21
ENVIRONMENT: R. T.. LAB AIR REFERENCES:

AK (MPA /M) AK (MPA /M)
a 10 40 100 4 10 40 100
1 § TITI T 18 ] ¥ Illl'll l T IT‘UITI
@ ET T T 100 = F
[ STRESS RATIO = +2. 18 [~ STRESS RATIO = =
102 102 B
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< — 10 . —: 10 £
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_‘ Fiqure F5.Fatique Crack Growth Rate Data for IN9021 Extrusions; Boeing
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TABLE F17

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE F5 INDICATING EFFECT
OF STRESS RATIO

Boeing
MATERIAL: ALUMINUM IN9021 .
CONDITION:
ENVIRONMENY: R.T. ,LAB AIR
DELTA K : DA/DN (10##-6 IN. /CYCLE)
(KST#IN*#1/2) '
A B C D
R=+0. 10
A: 6.20 1.87
DELTA K B: :
MIN C:
D:
7.00 : 3. 21
8. 00 : 4. 99
9.00 : 6.73
10. 00 . 8. 46
A: 12. 64 . 14. 2
DELTA K B: :
MAX C:
D:
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Figure F6. Fatique Crack Growth Rate Data for IN9021 Extrusions; ALCOA and Northrop
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TABLE F18

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE F6 INDICATING EFFECT
OF STRESS RATIO

ALCOA and Northrop
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CORROSION

Corrosion related properties of IN-9021 were reported by two companies.
ALCOA reported on the exfoliation resistance while Boeing reported on both
stress corrosion cracking and exfoliation. Their findings are detailed in the
following write-ups and table.

SPECTRUM

Spectrum fatigue of joint specimens was reported by Lockheed-CA while
Northrop studied spectrv— crack growth characteristics. Lockheed found
IN-9021 to be equivalent to 7075-T6 sheet in the joint tests. The spectrum
fatigue test results from Northrop are complicated by the fact that the
IN-9021 specimens were not as wide as the other specimens tested. The IN-9021
samples were 2.4 inch wide while all other specimens were 4 inch wide. It is
estimated that for the tension dominated spectrum this would result in a
decrease of 25 percent in life.




STRESS CORROSION RESULTS FROM ALCOA

gp:ggg;“gxtrusion

"he SCC resistance of the Hovamcet produced IN~9021 was not
dotermined. Becausa of the small size of the extruded shape,
short—-transverse spacinons of a satisfactory size end type could
not be obtained.

The cxfeliation resistance of the IN-9021 extrusion was
determined by cxposing a duplicate set of thiece nachined panels
to the MASTMAASIS test. The panel specimans of esach sct were
removed from the extrusion in nsuch a way that the wmachined
surface of one pancl vas from {h2 "necar surface" of the e3irusion
vhile that ol the sccond and third pancls wes from the T/10 and
/2 planes of the extruocion, respectively. Though exposcd in th»
same Lest chamber, one set of pancls was tacted at a different
tii2 than the other. A visual cxoninetion after 3 doys, 7 days,
aud finally 2 wecks of exvosurae reveeled that the pericimance of
‘o»th sets of pancls was similar. In no case vas there any
#videnca of exfoliation corrosion. Randomly scattered pititing
was obuoaerved on the "near surface," 7/10 and T/2 machincd planes
of both seots of panels. Upon cemplction of the two-woek
cxeposure, the panels revealed that the pits raaged in size from
ninute (pinpoint size) to as lerge as 4.8 mm (3/16") in diamexer.
"here was a preponderance of the large size pits on the "near
surface” and 7T/2 plane panels. A survey of thne pit depth with a
Scarrett it Depth Gange of several of thea larger pits indicated
that the depths venged {rom 0.15 mm (0.006") to 1.J4 mm (0.045").
with the T/2 plane panels containing nore pits near the deep end
of the range than the "near suriace" or T/10 planc panels.
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TABLE F2n
Results from Lockheed-CA

SPECTRUM FATIGUE OF RIVETED JOINTS

Flight-by-flight spectrum fatigue tests were conducted on a l5-inch-
wide single~lap riveted joints. Figure F7 shows the joint geometry.
The Minitwist spectrum (Modification "A'") was used for loading all
joint specimens, at a l-g flight (mean) stress of 10.0 ksi. The
flights to specimen failure are noted in the following table.

Joint Specimen Flights to Geometric
Material Number Failure Mean
g | | pm |
e | 8 | mar | v
Extrusion b3 56,055 40,800
e R

A comparison of the geometric mean of flights to failure shows an
equivalent performance for the X7091-T7E69 and IN902] Extrusion

and 7075-T6 Sheet, while the X7091-T7E69 Plate has a shorter fatigue
life, Significant scatter was exhibited by both extrusion materials.

Based on visual 2xamination, inclusions were noted in the fracture
surfaces of the IN9021 material. The specimens were consequently

sent to the Calac Materials Laboratory for investigation. The labora-
tory confirmed the inclusions. Analyses performed by use of a
scanning electron microscope and energy dispersive x-ray analysis
(EDAX) showed the inclusions had high concentrations of copper,
chromium, and iron in comparison to the base metal.
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TABLE 4G9
FATIGUE RESULTS FOR 7091 PLATES: R=0.1, Kt=1‘0

STRESS CYCLES  FAIL(1)
by NO FAIL(0)

4100 142,70 G f
41701 129261 0C ‘
43crnr oLE12C” i
4rrnn cTan ) IS
400" 465370 f
4cnn epas -~ n
490:C° 17730 1
o8 BRI <4000 1
S100C m4R P 1
s1°an N 1
sSxnnr angng 1
L Kool Tent 1
LT ilezn? 1
AR 446" " 1
sarrne n7rRC N
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COMPANY

TABLE G8
7091-T7E69 PLATES

FRACTURE TOUGHNESS, KIC

ORIENTATION KC KQ
(KSI vIV) (KSI vIN)

COMMENT

GENERAL DYNAMICS L-T 51.1 Insufficient thickness
52.0 " "
ALCCA 141.1 invalid
<140.0 invalid Grip-end failure
GENERAL DYNAMICS T-L 36.2 Insufficient thickness and
PmAX/PQ exceeds 1.1
35.3 n [}
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TABLE G7
7091-T7E69 PLATES

BEARING
COMPANY ORIENTATION e/D BEARING BEARING
ULT STR YLD STR
(KST) (KSI)
4
ALCOA LONG 1.5 126.7 110.9 )
127.8 108.5
124.4 106.7
ALCOA 2.0 163.7 122.9
160.0 123.0
154,7 119.8
ALCOA TRAN 1.5 132.2 112.9
130.3 110.9
132.8 114.0
ALCOA 2.0 166.7 130.2
163.7 127.9
163.3 128.5
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TABLE G6
7091-T7E69 PLATES
SHEAR

COMPANY ORTENTATION SHEAR STRENGTH
(KSI)

ROCKWELL LONG 52.8
50.0
53.5

ALCOA 52.0
48.5
50.5

ROCKWELL TRANS 49.2
52.4
50.6

ALCOA 49.9
48.7
49.6
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TABLE G5
7091-T7E69 PLATES
COMPRESSION
COMPANY ORIENTATION COMP YIELD

STR
(KSI)

Dt 2 0 koM MMC ot an s St Bt g 8 a s 4n ek g Bt voe g wmmw

|
{
!
!
l
\

l

ROCKWELL TRANS 85.8
85.5
86.4

ALCOA 85.0

82.6
83.4
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TABLE G4

oy

i

v 7091-T7E69 PLATES
5 COMPRESSION
!

. COMPANY ORIENTATION COMP
o YIELD STR
§'~' (kS1)

Y

5} .

N
h : ROCKWELL LONG 78.9
%= 80.9
:El 81.9
N ALCOA 77.8

: 74.1

75.4

X
v
-
2
o
I
~
I
-
o)

A AW SN




TABLE G3
7091-T7E69 PLATES
TENSILE
COMPANY TEST ORIENTATION ULT YIELD ELONG
TEMP STR STR (%)
(oF) (KSI) (KSI)

ROCKWELL RT TRANS 86.3 80.0 9.9
87.0 81.4 10.0
87.3 82.0 11.1

GENERAL 85.1 78.3 8.0 '

NYNAMICS 84.8 78.2 7.0
85.2 78.8 7.0

ALCOA 86.5 79.6 10.0
83.5 76.8 9.0
85.2 77.7 11.0

NORTHROP 82.1 75.6 5.0 Flat
81.0 73.2 8.0 "
81.3 76.6 7.0 "
84.6 77.2 9.0 "
79.5 73.6 6.0 "
81.4 74.4 7.0 "
83.0 76.9 10.0 "
81.8 76.9 9.9 "
81.1 75.7 6.0 "
78.6 72.6 5.0 "
80.0 72.8 5.0 "
74.5 68.3 5.0 "
87.4 81.8 8.0 Round(a)*
87.0 81.4 8.0 "
81.7 75.1 7.0 Round(b)*
81.9 75.5 10.0 "

2

(a) 18 Recrystallized grain structure in cross sectional area
(b) 25, Recrystallized grain structure in cross sectional area

*  Eliminated from analysis
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TABLE G2
7091-T7E69 PLATES: 1/4(.4)"x16"

TENSILE
COMPANY TEST ORIENTATION ULT YIELD ELONG
JEMP STR STR (%)
(°F) (KST) (KSI)
ROCKWELL RT LONG 84.4 78.5 11.2
84.6 78.5 11.0
82.6 77.3 8.3
GENERAL 83.6 76.8 10.0
DYNAMICS 82.7 76.3 7.0
82.3 75.5 9.0
o AFWAL 82.7 75.9 11.0
N ‘ 82.9 76.3 11.0
i 82.4 76.2 11.2
A\‘.‘
$ ALCOA 78.8 74.5 13.0
5 77.3 7.7 11.0
I- 78.5 72. 12.9
:
NORTHROP 79.2 74.4 10.0 Flat
79.5 74.2 9.0 "
77.6 72.6 10.0 u
82.1 75.5 9.0 u
79.8 76.1 6.0 "
81.3 74.2 10.0 "
79.7 75.0 9.0 "
78.4 74.1 10.0 "
77.7 73.4 9.0 "
82.1 74.4 10.0 "
84.4 77.7 10.0 u
81.9 74.8 7.0 "
85.4 79.5 9.0 Round(a )*
84.7 79.1 9.0 "
83.2 75.5 8.0 Round(b )*
82.5 76.1 9.0 "

(a) 18% Recrystallized grain structure in cross sectional area

(b) 25% Recrystallized grain structure in cross sectional area

*  Eliminated from analysis




Ftu,KSI

LT
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Fcy’KSI

LT
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L
(e/D=1.5)
(e/D=2.0)

LT
(e/D=1.5)
(e/D=2.0)
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JWS VIN
L
(e/D=1.5)
(e/D=2.0)

LT
(e/D=1.5)
(e/D=2.0)
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TABLE 31

SUGGESTED ALLOWABLES FOR

78.5
79.1

73.3
72.7

74.1
82.6

48.5
48.7

124.4
154.7

130.3

163.3

106.7

119.8

110.9
127.9

7091-T7E69 PLATES; 1/4(.4)"x16"

NOTE: These values were developed to be
used only in a cost-benefit-analysis and
are not necessarily accurate for design

of hardware.
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APPENDIX G
7091-T7E69 PLATES

NOTICE: Suggested allowables, mean trends, and trend
curves in this document were developed to be used in

a cost benefit analysis to assess the potential benefit
of using the material in a structure. These suggested
allowables and trends are not considered accurate for
design of actual hardware.
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TABLE F22

Results From NORTHROP

Ranking of Alumir~um Allovs & Tewr-ers Under
Spectrum Loading with 21 ksi Peak Stress
Based on Simulated Flight hours for Crack
Growth from 6 mm to Failure

Tension Dominated Spectrum Tension-Compression Spectrum
(F-18/C2, Lower Wing Root Load) (F-18/E3, Horizontal Tail Hinge Moment Load)
Material* Hours to Faflure** Material* Hours to Failure**
2024~-T351 22,100 7091-T7E69 Plate 15,800
7475-T651 19,000 2024-T351 15,400
7091-T7E69 Plate 18,600 7091-T7E69 Extrusicn 15,300
2020-T651 18 "20 7475-T651 14,900
2324~T39 17,.00 2324-T39 14,400
7091-T7E69 Extrusion 15,300 7475-T7351 13,400
7475-T7351 15,000 7050-T7451 13,200
7050-T7451 14,900 2020-T651 13,100
7150-T6E189 13,000 7150-T6E189 11,300
7075-T7351 12,900 7075-T7351 10,700
2124-T851 11,200 2124-T851 9,100
7075~T651 10,800 7075~T651 8,900
IN9021-T85]1 Extrusion 9,100 2024~T851 7,100
2024-T851 8,500 IN9021-T851 Extrusion 3,400

*A11 material is plate except where noted. Round Robin materials are underlined.
Remaining materials are from Contracts N0O0OO19-80-C-~0427, N00019-81-C-0550, and
N00019-82-C-0425 and Northrop IR&D. Round Robin specimens differed as noted in
the text.

**A11 data is the average of two tests except F-18/C2 data reported for IN9021-T851
which was from one test. Multiple test data were Zogarithmically averaged. All
data is rounded to the nearest 100 hours.
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?} TABLE F21

N Results From NORTHROP
& Spectrum Fatigue Data for 7091-T7E69 Plate
N and IN9021-T851 Extrusion Relative to Data
ko. for 7075-T735., 7075-T651 and 2324-T39
23 SIMULATED FLIGHT HOURS FOR CRACK GROWTH FROM 6 mm TO FAILURE

3

o)
] Tension Dominated Spectrum Tension~Compression Spectrum
:j Spectrum (F-18/C2, Lower Wing Root Load) (F-18/E3, Horizontal Tail Hinge Moment)
N,

:P Peak Stress 21 ksi 15 ksi 2] ksi 15 ksi
a Material
W 7091-T7E69 Plate
b Specimen Specimen
s P-1E-2 19,668 - P-1E-1 14,882 -
i P3 17,635 - P4 16,867 -
- Log Averaged 18,624 15,843

IN9021-T85]1 Extrusion
Specimen Specimen

e 6C-16 9,145 - 6A-12 3,282 -
] 6C-18 - 22,640 6B-14 3,611 -
4; : 6D-17 - 33,297
" Log Averaged 3,443

)

- 7075-T735]1 Plate*
o 12,900 - 10,700 -
4-:
o 7075-T651 Plate*
o 10,800 27,300 8,900 25,300
o 2324~-T39 Plate*

oo 17,800 53,700 14,400 42,900
:k *Data from the final report “Investigation of Fatigue Crack-Growth Resistance of
; Aluminum Alloys Under Spectrum Loading,” Contract N00O19-81-C-0550. Specimens
:: differed from those used for the Round Robin as noted in the text.
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TABLE G10

FATIGUE RESULTS FOR 7091 PLATES: R=0.1, Kt=3'0

. STRESS CYCLES FAIL (1)
PSI NO FAIL (0)

1rocf 148154 G0 i
ra2cnd 141500 r
14000 214570 g
169" 5525710 A
1R37% 24500 1
27038 ©1471°6 1
cocco 15770 i
2an20 €717 M
24000 56300 1

Lt e
S N AR

~ | D
PO DDA Y /




,.
PRRRCIE S
N s

0
(LA

-

AR -
. 3V

e LN 'A-"‘;

B

.
Yy
I

<

s

-
P
e

AR AT A S

.
-
-

s
-

>
"
&

A

CONDITION/HT: T7EBS , ALUM.
FORM: B. 4B"TH PLATE YIELD STRENGTH: 73.8- 78.3 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 78B.2- B85.1 KSI
ORIENTATION: L-T SPECIMEN THK: 8. 124- 8.252"
FREQUENCY: 2.88- 25.08 HZ SPECIMEN WIDTH. 1.888- 2.884" p——
ENVIRONMENT: R. T..HI HUMIDITY REFERENCES:
AK (MPA /M) AK (MPA /M)
4 10 40 100 4 10 40 100
— T LB AE A T L T[T — L) T 1A A 1 L8 RA A
@:r RALIL RN ERE RN 100 :I T T T
[ STRESS RATIO = +@. 18 [~ STRESS RATIO = +g, 33 =
102 10° _
- 107" — —410"
— pone -
103 10°= -
- -2 — 2 _
s F : N - 4 ERE:
5 10* # o= 16 1 2
E F 10° - w0’k
S 'L 10°E 1 z
] = 4 — — 4 2
10° = 10° = _
— @ 10 - —10°
107 - 107 o :
— 10°€ - —J10°
10‘5— Ll | 10'3— : 1aly L 1l ]
4 10 a0 100 1 3 10 40 100
© ET 1w T @ RS LIL S R R R L
STRESS RATIO = STRESS RATIO = =10
2 2~ -
10 = ; 10 = -
— 10 — —10"
10° = 10° n
— -2 — .
S - i = : Q
[RlN= 10° = q 2
s E 10° — —10°E
z aand . pu— : ——
S 10° 10° 1 z
o [ 10 — —10*®
10° = 10° |- _
— 10 — —0®
10'7 — 10’7 - —
— -6 — ..
= 10 P ﬁ 106
— -
10'3 1 2 sl 1 a1 10" Lo ladaddd gLt
1 4 10 40 100 1 4 10 40 100
AK (KSI 4/1n) AK (KSI 4/in)

Figure G3. Fatigue Crack Growth Rate Data for 7091 Plates; ALCOA and Northrop
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TABLE Gl11

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS 1
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE G3 INDICATING EFFECT
OF STRESS RATIO

. ALCOA and Northrop

—————— " s At ey iyt T T D T G S e e S WL P TRt M L G B Sy s WD G B T - — S 4 Pt - S B0 o B G ok TR S W T e e TP D P B o i D S e W o B e WD e S gt S S

. MATERIAI: ALUMINUM 70918
CONDITION: T7E69
EMVIRONMENT: R.T. ,HI HUMIDITY

S = S T T W S G PR . P S s A . s e A S G ey P S AU DA et Seis SR A i G e e e S W D et S G D ) St M G D A AP (P S T e S T S B G aa G ¢

DELTA K : DA/DN (10%##-6 IN. /CYCLE)
(KSI#IN##1/2)
A B. c D
R=+0. 10 R=+0. 33
A 1.84 : . 021
DELTA K B: 1.83 ; . 017
MIN € 1 :
D:
2. .00 : . QU9 . 0424
2. 50 ; . 104 . 133
3. 00 : . 245 . 351
3. 50 : . 481 721
4.00 : . 834 1. 26
5. 00 : 1. 95 2. 84
6. GO - 3. 64 5. 20
7.00 : 5. 92 8. 34
8. GO - g.73 12. 4
9. 00 12.0 17. 6 .
10. 5D 15. 7 24.3
13. 60 23. 1 5&. 7
16. 60 41.5 121
20. GO - 59. 7
5. 00 77. 4
30. 6O 90, 1
35. 00 : 103. 1
b
A 3767 108. {
DELTA K B: 18 22 : 208. g
MAX C: :
D: j
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¥
—* CONDITION/HT: T7EES ALUM .
- FORM: 0.40"TH PLATE YIELD STRENGTH: 76.2 KSI ALLOY
) SPECIMEN TYPE: WOL ULT. STRENGTH: 82.9 KSI
2 ORIENTATION' L-T SPECIMEN THK: 0.386- 0.381"
L STRESS RATIO: +0.10 SPECIMEN WIDTH: 2.580- 2.597" 2091
k.‘_-e FREQUENCY: 1.00- 9.00 HZ REFERENCES:
R
N AK (MPA /m) AK (MPA /M)
A 4 10 40 100 4° 10 40 100
‘-Z: 1 T 171111 IR AL =1 V17171 | A L L Ll
> @ [~ ENVIRONMENT: R.Tl.. ! —10° [ ENVIIJONMENT: R.T.. — .
| HI HUMIDITY =  LAB AIR =
- -2 - -2 -
g 10" _ 10°E -
S — —10" — —{10"" .
: 10° = ] ) 10°= B )
: s F —10 — —10° 5
2 0 & . 3 3
}\." § 10 = — 10 b= _ o
S = =0’ - =0 E
o z < - — 3 =
Sy 3 10°k 10° z
< — T4 — B PPERS
Loe - = | = ©
- .6 - - pu
v 10 7 7 10°% = ]
.1:: — — 10° - f —J10’
o 107 B 107 |- 3
- = - 3
S 108 1 1 1o balad . 10°® Lo 1a 14l Loa 1a oyl 7
e 1 4 10 40 100 1 4 10 40 100
< © EL o T T © EI TTm T T
[ ENVIRONMENT: —10° L~ ENVIRONMENT: —{10°
. o - 2 i
) 102 = ] 10 = _
, — —{10" — —10"
. - : — :
A 107} ] 103 = ]
t"" ° : —_:102 : _-:10‘2—0-;
:u.. S LI - 4 - []
310t ’ 10 = J 3
. £ — —{10° — —{10° E
AL = =] £
33 £ 0k ” 10 1 =z
‘:{" a : - .4 : — °
N s | —j1w0 - —10's '
) = -=-1 el E © )
£, 10° = ] 10 | 7
’% - —10° ~ —]10°% .
o a0 = 7 b
! 10 ' 10
T = —~ = -
X - —{10° = —10°
i ottt bl S o RPN RN
& 1 4 10 40 100 1 4 10 40 100
o BK (KS) /in) AK (KS! 4/in)
5 .
:‘f_ Figure G4.Fatigue Crack Growth Rate Data for 7091 Plates; General Dynamics
! $-"
.
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TABLE G12

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

§ DATA ASSOCIATED WITH FIGURE @4 INDICATING EFFECT
F OF ENVIRONMENT
. ,
3 GENERAL DYNAMICS
. PATCRIALS ALUMINUM 791
’ CONCITIONG T7E69 .
e e m e m e e e o o - - . = = e = e A o . T o = = = = = = = o -
: ITLTA K : DA/DN (10%+-6 IMe/CYCLE)
(FSTI*»INa21/2) b
A . A B c 0
o :
: : = ReTo = ReTe
! tHI FUMIDITY LAB AIR
AT 4.52 @ e545
DELTA X BT 3,03 ¢ .120
MIN  C3 :
D :
3.50 & 499
4,00 9329
€,00 ¢ 1.16 2.7%
£.00 ¢ 2,51 667
~ 7.70 %,03
‘ £.50 ¢ 5¢50
‘ 0,00 3 7.23
15.0C ¢ 9,20
17.00 ¢ 17.7
» AT 13,94 21.6
4 NELTA X B3 690 ¢ 15.4
MAX C: .
D: :
[}
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CONDITION/HT: T7E69 ALUM.
FORM: @.48"TH PLATE YIELD STRENGTH: 78.2 KSI ALLOY
‘ SPECIMEN TYPE: WOL ULT. STRENGTH: 82.9 KSI
< ORIENTATION: L-T SPECIMEN THK: ©. 398"
STRESS RATIO: +@. 38 SPECIMEN WIDTH: 2. 548" o1
1 FREQUENCY: 1. 88 HZ REFERENCES: |
R ‘
I |
g AK (MPA /) AK (MPA /) !
= 4 10 40 100 a° 10 40 100 ;
N - I v ‘l]lll' r T l'll — I T lllll’ r T Il'llll -+ '
< @ [~ ENVIRONMENT: _R. 1] . 7 10° — ENVIF!ONMENT: —] !
' | SUMP TANK WTR = — 5 L
i 107 = _ 102 _
y - —{10" = —10"
' = =
b— 1 — —
1073 - B 10° = ]
— 2 — 2 .
§ - e 10 = _3 10 Q
o — - - - 9
§' 10° _ 10" - L
s F —10? = —10° E
S 10° 10° g
8 — .4 — 1,42
©° [ — 10 — —{10" ®
| = N = ©
10° = 4 _ 10° _
— —J10° — —10?®
g 107 |- . 107 -
3 — —3- 10© — —]0®
. 10‘3_ o 1alils 1 o101 10‘3_ Lo 1adily L balils -
o 1 4 10 40 100 1 4 10 40 100
- @ U AL R R @ =0 AU L LR A R !
5 [~ ENVIRONMENT: —10° — ENVIRONMENT: —{10°
"; 162 —~ : 10‘2 - :
i — —J10° — —{10"'
5 - - - -
- 103} _ 10° _
=4 - -2 mand .
: - F = 10 - — 10?3
b' G e, . - : 3
N 210" = 1 10* = >
~ - 3 — - R ~
.l £ — =10 — —J10° E
‘:' 2 5 b : .5 L— : g
L g 10 = _ 107 = B z
X s F —{10* — —J10*s
- L = | = ©
X 10° = 7 10° = ]
e .s — — .
’ - —10 [~ -410°®
. a0 - 9 - —
- LI — 107 =
h' _. — .6 - —
- — —{10 — . —10°
o 108 L o 10y Lo dals! - 10‘°_ La bl 1 oo Talsly -
i ) 4 10 40 100 1 4 10 20 100
v AK (KSI v/n) AK (KSI 4/1n)
£ o
; Figure 55.Fatigue Crack Growth Rate Data for 709] Plates; General Dynamics
3
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TABLE G13

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE G5 INDICATING EFFECT
OF ENVIRONMENT

GENERAL DYNAMICS

MATERIAL: ALUMINUM 7091 f
CONDITION: T7E&9 |
DFLTA K : DA/DN (10%#-6 IN. /CYCLE) |
(KST#IN%#1/2)
A B c D
: E: R.T.
. SUMP TANK WTR
A 4.01 : . 694
DELTA K B: :
MIN C:
D:
5. 00 : 5. 62
6. 00 : 9. 81
7.60 : 16. 9
8. 00 : 26. 3
9.00 - 35. 5
10. GO : 43. 6
13. 00 : 61.3
16. 00 : 73.7
A 1885 86. 0
DELTA K B: .
MAX C:
D:
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CONDITION/HT: T7EBS9 . ALUM,
FORM: 0.40"TH PLATE YIELD STRENGTH: 78.5- B1.B KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: B82.0- B87.2 KSI
ORIENTATION: T-L SPECIMEN THK: 0.124- 0.251" .
FREQUENCY: 2.00- 25.00 HZ SPECIMEN WIDTH: 1.898B- 2.005" 7091
ENVIRONMENT: R.T.,HI HUMIDITY REFERENCES: .
AK (MPA /M) AK (MPA /)
4 10 40 100 4 10 40 100
@ T T T7TT T T 17T o =T T 1717 T T
[~ STRESS RATIO = +0. 10 10 [ STRESSRATIO = 40,33
10° 102 |
— 10" — — 10"
— = :
10° 103 ]
— .2 e _2
%] — Y ‘_“ 5]
310 10 3 5
R 10° — 07§
Z — — 3 =
B 10° 10° z
S — -4 — e 2
- e 3 ©
10° 10% = a
[~ 10° — —10°
107 — 167 :
— 10°® —J10°¢
[ u =
10‘° L& bty L I aly 10'3 TR 4 s 4.l
1 A 4 10 40 100 1 4 10 40 100
© ET " T T . ©@ ET T T T
— _ 10 — - —310°
B STRESS RATIO = [ STRESS RATIO = -
= 107 = —10"
— — .
103 = 10° = -
. -2 — .2
§ ; 10 - =10 §
3] alr - 3]
§ 10" 10 1 &
c F 102 - 3 €
= ?a10 €
r4 - — -5 = o -~
D10 = 107 | _ Z
3 — 104 - -—410* &
- < 3 ©
10° 10° -
- 10° [ o
107 b 107 =
— 10® - —{10°
- . —
10°® [N 1 a1y 10° 1 4 11l | SIS Y 11 71 e
1 4 10 40 100 1 4 10 40 100
AK (KS) 4/Tn) AK (KSI /1)

Fiqure G6. Fatique Crack Growth Rate Data for 7091 Plate; ALCOA and Northrop
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TABLE G14

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE G6 INDICATING EFFECT
OF STRESS RATIC
ALCOA and NORTHROP

MATERIAL?: ALUMINUM™ 7¢91
CONDITION: TT7EE9
FNVIRONMENTS FoeTe oHI HUMIDITY

JILTA K : DCA/DN (10++=p IN4/CYCLE)
(KST*#IN#*+1/2) .
: 2 e c D
M Fze+lel1d P=+(+33
A Cel20 o «N07
CELTA < B3 el 2 «010
MIN c: ? :
D2 :
2e%0 ¢ «2167% o418
.00 2 U594 o1FE5
.55 2 «167 0474
4,C0 3 «373 911
Ce D 2 1.109 2627
€ef0 ¢ 2¢%9 4425
Te’G o 4445 6¢93
ol 2 Coeth 172
Q.,rY 2 Q,%4 18,3
13.00 ¢ 11.¢6 19,2
1*.,73 2 Cel 417 2
16600 2 31.1 713
2203 o S161 12¢%.,
2F 40 ¢ 902 2T4 .
Te73 3 1652,
36,7 H 2%4,
AT Je.Fl 3 294,
DFLLTA x RB: 2.72 @ 457,
MAX c: :
D .
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Spectrum Fatigue

Spectrum fatigue crack growth of 7091 plate was performed by three
participants. Northrop used two different spectra and found that relative to
other structural aluminum alloys the 7091 had good characteristics. There was
one qualification of the results; the 7091 plate specimens were 0.15 inch
thick while all other samples were 0.25 inch thick. This may have caused a
slight increase in the life of the 7091 specimens.

General Dynamics performed tests on flawed and unflawed samples. Each
sample had a hole in the center and for the flawed configuration an elox notch
was put in the hole. Comparative data was only available for the unflawed
configuration at a maximum spectrum stress of 42 KSI for 7475-T7351. For
these conditions the 7091 plate had a longer life.

AFWAL performed tests using the FALSTAFF and Mini-TWIST spectra along
with comparative data on 7050-T76 plate. Irrespective of the spectrum the
7091 had better lives and crack growth resistance than the 7050 plate.

7091 plate does appear to be resistant to spectrum fatigue compared to
other structural aluminum alloys.

Stress Corrosion

Exfoliation testing results from ALCOA showed the 7091 plate having good
resistance to exfoliation when compared to the 7050-T6 plate.




TABLE G15

Spectrum Fatigue Data for 7091-T7E69 Plate

and IN9021-T85] Extrusion Relative to Data

for 7075-T7351, 7075-T651 and 2324-T39
Results From Northrop

SIMULATED FLIGHT HOURS FOR CRACK GROWTH FROM 6 mm TO FAILURE

Tension Dominated Spectrum Tension-Compression Spectrum
Spectrum (F-18/C2, Lower Wing Root Load) (F-18/E3, Horizontal Tail Hinge Moment)
Peak Stress 21 ksi 15 ksi 21 kst 15 ksi

Material

7091-T7E69 Plate

Specimen
P-1E-2 19,668
P3 17,635
Log Averaged 18,624

IN9021-T85]1 Extrusion

Sgecimen
6C-16 9,145
6C~18 -

7075-T7351 Plate*

12,900
7075-T651 Plate*

10,800
2324~T39 Plate*

17,800

22,640

27,300

53,700

Specimen
P-1E-1 14,882 -

P4 16,867 -

15,843

Specimen
6A-12 3,282 -
6B-14 3,611 -

6D-17 33,297
Log Averaged—gjzzs_
10,700 -
8,900 25,300
14,400 42,900

*Dats from the final report "Investigation of Fat{gue Crack-Growth Resistance of
Aluminum Alloys Under Spectrum Loading,”™ Contract N00019-81-C-0550. Specimens
differed from those used for the Round Robin as noted in the text.
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TABLE G16

Ranking of Aluminum Alloys & Tempers Under
Spectrum Loading with 21 ksi Peak Stress
Based on Simulated Flight hours for Crack
Growth from 6 mm to Fallure

Results From Northrop

Tension Dominated Spectrum Tension-Compression Spectrum 5
(F-18/C2, Lower Wing Root Load) (F-18/E3, Horizontal Tail Hinge Moment Load)
Material* Hours to Failure** Material* Hours to Failure**
2024-T351 22,100 7091-T7E69 Plate 15,800
7475-T651 19,000 2024~-T351 15,400
7091-T7E69 Plate 18,600 7091-T7E69 Extrusion 15,300
2020-T651 18,500 7475~T651 14,900
2324-T39 17,800 2324-T39 14,400
7091-T7E69 Extrusion 15,300 7475-T7351 13,400
7475-T7351 15,000 7050-T7451 13,200
7050-T7451 14,900 2020-1651 13,100
7150-T6EL189 13,000 7150-T6E189 11,300
7075-T7351 12,900 7075-T7351 10,700
2124-T851 11,200 2124-T851 9,100
7075-T651 10,800 7075-T651 8,900
IN9021-T85] Extrusion 9,100 2024-T851 7,100
2024-T1851 8,500 IN9021-T85]1 Extrusion 3,400

*All material is plate except where noted. Round Robin materials are underlined.
Remaining materials are from Contracts NOOO19-80-C-0427, N0OOO19-81-C-0550, and

NO0019-82-C-0425 and Northrop IR&D. Round Robin specimens differed as noted in
the text.

**A1]1 data is the average of two tests except F-18/C2 data reported for IN9021-T851
which was from one test. Multiple test data were logarithmically averaged. All
data {s rounded to the nearest 100 hours.
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TABLE H3

7090-T7E71 PLATES
COMPRESSION

COMPANY ORIENTATION COMP YIELD
STR (KSI)

AFWAL LONG. 86.9
89.1
86.7

AFWAL TRANS 94.5
95.8
92.8

~~~~~~~~~~~~
..................................

3 TR IPEIARIY D DA YA, S

e -
AR ENE R S ) Y




bt a e i o st e nt i eael Mt ‘Aol sk 8-l “ i~ ol E<dndi i den i isthiie ik

TABLE H2
7090-T7E71 PLATES: 1/4(.4)" x 16"

TENSILE
COMPANY TEST ORIENTATION uLT YIELD ELONG
TEMP STR STR (%)
(°F) KSI) KSI )
AFWAL RT LONG 87.8 82.5 10.9
87.5 82.6 8.5
87.2 82.7 .3
ALCOA 86.4 82.0 9.0
86.9 82.8 10.0
85.6 79.8 10.0
AFWAL TRANS 39.8 85.3 11.5
89.2 85.0 12.0
89.5 85.1 13.0
ALCOA 87.8 82.6 6.
92.0 87.1 7.
86.3 80.7 8.
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TABLE H1
SUGGESTED ALLOMABLES FOR
7090-T7E71 PLATES: 1/4(.4)" x 16"

KSI

Wy 85.6
LT 86.3
F,.,. KSI
A 79.8
LT 80.7
F KSI
DA 86.7
LT 92.8
F ., KSI
SUT L 48.6
LT 47.0
Fbu' ESI
(e/D=1.5) 127.9
(e/D=2.0) 166.2
LT
(e/D=1.5) 132.3
(e/D=2.0) 176.7
Fby’ ESI
(e/D=1.5) 108.0
(e/D=2.0) 123.4
LT
(e/D=1.5) 113.5
(e/D=2.0) 132.8 NOTE: These values were developed to be
used only in a cost-benefit-analysis and
K., KSI ¥IN are not necessarily accurate for design
1C LT 23.5 of hardware.




APPENDIX H
7090-T7E71 PLATES

Comment: The material was originally scheduled to be supplied as 0.25-inch-
thick plates. Because the processing parameters required to produce the
plates were not obtainable on the available equipment, the plates were 0.4
inch thick, with recrystalized surfaces on both sides. Participants were
requested to remove an equal amount of material from both sides when making
specimens, i.e., use the mid-thickness, one quarter inch, for testing.

NOTICE: Suggested allowables, mean trends, and trend
curves in this document were developed to be used in

a cost benefit analysis to assess the potential benefit
of using the material in a structure. These suggested
allowables and trends are not considered accurate for
design of actual hardware,
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Figure G13. Crack Length Versus Flight Hours for 7475-T7351 Generated by
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TABLE H4

7090-T7E71 PLATES
SHEAR

COMPANY ORIENTATION SHEAR
STRENGTH
(KSI)

AFWAL LONG 49.2
48.6
48.9

TRANS 47.2
47.0
49.2

. - Lok gl
1) ."1.1"-1' ' l'lx ",t','.
Tt SR .
=

r
RS
LALLM

g
L)

e
rhr

i




« L +-s’as’
o
'

b MR AR SR del 2 sl ek e S at 0 S e 1l g ae o b an o o |
TABLE H5
7090-T7E71 PLATES
BEARING
COMPANY ORIENTATION e/D BEARING BEARING
ULT (KSI) YIELD (KSI)

AFWAL LONG 2.0 172.9 128.1

172.4 123.4

166.2 132.0

TRANS 181.2 132.8

181.5 138.4

::Z:'. 176.7 134.9

- LONG 1.5 131.7 110.6

‘ 127.9 110.3

o 129.5 108.0

TRANS 132.3 115.0

136.4 117.6

134.4 113.5
:::_';
o
!
=
7
.
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TABLE H6
7090-T7E71 PLATES
FRACTURE TOUGHNESS , KIC’ K

Kic KC COMMENT

(kSI VIN) (KSI VIN)

COMPANY ORIENTATION

AFWAL L-T 24.3 valid
23.5 valid

26.1 valid

ALCOA 58.2 *
58.9 *

* 16 inch wide CCT panels evaluated per AST™ standard B646-78.
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0o TABLE H7
ReS
o FATIGUE DATA FOR 7090 PLATES: R = 0.1, K, = 1.0

"
’ I"J
° I‘-"

b

"

A
;

. «

STRESS CYCLES FAIL (1)
PSI NO FAIL (0)

42000 11000000 n

>

) 46000 5713C90 1
oS ARQO? 1892n0nN 1
N 50000 393290 1
-~ 50000 24215060 1
‘ 67000 35579 1
. ARODN 185470 1
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FATIGUE DATA FOR

STRESS
PSI

15000
17000
18000
18000
20070
21000
238090
25009
3ronn
35000

TABLE

H8

7090 PLATES: R = 0.1, K¢ = 3.0

CYCLES FAIL (1)

NO FAIL (0)
17000000 ¢
1€32000C2 ¢
128241 1
4172300 1
749179 1
657700 1
293410 b3
11700 1
3307 b
1703 1
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CONDITION/HT: T7E71 ALUM,
FORM: 0. 4B"TH PLATE YIELD STRENGTH: B82. 6 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 87.5 KSI ;
ORIENTATION- L-T SPECIMEN THK: @.25@8- 8.251" L—'—"
STRESS RATIO: +@. 18 SPECIMEN WIDTH: 1.581- 1.583" [ 2gom
FREQUENCY: 25.88 HZ REFERENCES: ;
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FigureH3.Fatigue Crack Growth Rate Data for 7090 Plates; AFWAL
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TABLE H9

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE H3 INDICATING EFFECT
OF ENVIRONMENT

AFWAL
MATERIAI @ ALUMINUM 7090
CONDITION: T7E71
LELTA K : DA/DN (10#%-6 IN. /CYCLE)
(KSTEINK®1/2)
A B c D
: E= R. T. E= R.T.
.LAB AIR HI HUMIDITY
A 3.8 290
DELTA K BE: 324 : . 291
MIN G: :
D:
3.50 : . 4:20 . 412
4 00 : 805 752
5. 00 : 2. 05 2. 01
6. 00 3. 89 4,25
7.00 : 6. 20 7.55
8. 00 8. 85 11. 7
9. 00 : 11. 7 16. 3
10. 00 : 14. 7 20. 9
13. 00 : 24. 2 30. &
A 13.88 : 27. 1
DELTA K B:  14. 68 : 31. 9
MAX  C: :
D:
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SPECTRUM

Spectrum fatigue crack growth of 7090 plates was evaluated by AFWAL.
Both the standard FALSTAFF and Mini-TWIST spectra were used. 7090 plates are
inferior to the baseline 7050 plates and also to 7091 plates as shown in
Figures H5 and H6.

STRESS CORROSION

ALCOA reported the 7090-T7E71 plates has good resistance to exfoliation
when compared to 7075-T6 plate. Tabular results are in Table H10 and Hl1l.
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APPENDIX I
7091-T7E69 SHEET

NOTICE: Suggested allowables, mean trends, and trend
. curves in this document were developed to be used in
. a cost benefit analysis to assess the potential benefit
of using the material in a structure. These suggested
allowables and trends are not considered accurate for
design of actual hardware.
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TABLE I1

SUSGESTED ALLOYABLES FOR
7091-T7E69 SHEET: 0.063" x 16"

F,.» KSI

W 77.4
LT 79.0
F, , KSI
'y 72.6
LT 69.3
F_.» KSI
A 74.9
LT 771
F_. o KSI
Sut 43.0
LT 48.4
Fbu’ ESI
(e/D=1.5) 133.3
(e/D=2.0) 166.3
LT
(e/D=1.5) 133.0
(e/D=2.0) 167.0
Fby’ ESI
(e/D=1.5) 108.6
(e/D=2.0) 120.3
LT ) 9
(e/D=1.5 107. NOTE: These values were developed to be
(e/D=2.0) 128.0 used only in a cost-benefit-analysis and
are not necessarily accurate for design
Ke» fSI VIR - of hardware.
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TABLE I2

7091-T7E69 SHEET
TENSILE : 0.063" x 16"

i COMPANY TEST ORIENTATION ULT YIELD ELONG !

[ )
X TEMP STR STR (%) ‘
o (°F) ( KSI) ( KSI)
ks
Vo ‘
ROCKWELL RT LONG 79.7 74.9 12.3 |
R 79.7 74.5 10.7 a
79.3 74.2 10.8 |
LOCKHEED-GA 78.2 73.2 10.0
78.0 72.6 10.0
- 77.4 72.7 9.5
& NORTHROP 80.4 75.3 10.0
N 80.4 75.2 10.0
i 80.5 75.2 11.0
o FAIRCHILD 78.7 73.3 12.1
7 78.2 73.2 14.1
ALCOA 83.7 78.0 10.0
82.0 75.6 10.0
84.4 78.2 10.0
R
%
')
%
£
3y .
-5
<3
e |
X
0
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TABLE I3
7091-T7E69 SHEET

TENSILE
COMPANY TEST ORIENTATION ULT YIELD ELONG
TEMP(“F) STR STR (%)
(KSI) (KSI)
ROCKWELL RT TRANS 80.9 72.6 12.4 .
80.5 71.9 12.3
80.8 72.1 12.5
LOCKHEED-GA 80.2 72.8 10.5
80.6 72.1 10.5
80.0 71.9 11.0
NORTHROP 82.0 74.0 11.0
81.9 73.9 12.0
81.9 73.8 12.0
FAIRCHILD 79.6 67.0 13.3
79.5 71.1 15.0
79.0 69.6 12.0
78.9 70.1 12.5
ALCOA 82.1 75.2 10.0
80.5 73.5 10.0
84.4 78.2 10.0
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TABLE I4
7091-T7E69 SHEET

COMPRESSION
COMPANY ORIENTATION COMP YIELD
STR (KSI)
ROCKWELL LONG 75.7 |
75.1
74.9
LOCKHEED-GA 76.6
76.4
76.3
77.0
4 ALCOA 81.0 |
“ 77.6 |
& 81.5 ‘
- ]
W ‘
|
N [

-y~

T S

o

N

e
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TABLE I5

7091-T7E69 SHEET
COMPRESSION

COMPANY ORIENTATION

COMP YIELD
STR (KSI)

ROCKWELL TRANS

ALCOA

GaM Sih Gum A e don 4xa foe acs foge . |




COMPANY

ORIENTATION

TABLE I6

7091-T7E69 SHEET
SHEAR

SHEAR
STR (KSI)

ROCKWELL

FAIRCHILD

ALCOA

ROCKWELL

FAIRCHILD

LONG

TRANS

51.4
48.9
50.5

53.7
53.0
52.8
53.9

49.2
48.0
50.3

48.4
50.0
50.6

53.3
53.1




TABLE I7 |
7091-T7E69 SHEET

BEARING
COMPANY ORIENTATION e/D ULT YIELD
B.STR B.STR 1
(KSI) (KSI) |
ALCOA LONG 1.5 135.2 111.7 :
133.3 108.6 .
133.8 109.9
2.0 168.3 130.8
166.3 120.3
170.1 123.6
ALCOA TRAN 1.5 133.0 113.7
134.0 107.9
135.9 113.6
2.0 168.3 133.3
167.0 128.3
167.7 128.0
278
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TABLE I8

7091-T7E69 SHEET
FRACTURE TOUGHNESS

COMPANY ORIENT KC

(ksI VIN)

LOCKHEED-GA g7.4(2)
82.5

ALCOA LONG 75.4(b)
78.7

(a) 6" wide CCT panel
(b) 16" wide CCTpanel
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FATIGUE RESULTS FOR 7091 SHEETS: R = 0.1, Kt

STRESS
PSI

2922010
22603
242054
2g20¢
38020
3206¢0
Ja20l¢
32748
323040
34003
34000
36300
39000
390¢C0
40400
41G0°C
410C0
431002
4300640
444¢°
45002
4B4 (N

605CH

TABLE 19

CYCLES

2207000
12074007
820006 ¢C
710560
10941190
177324 0¢C
11287500
10878307
443°¢ ¢
2181G0°0
40010C
7237¢
1115630
100=190
50168
137220
9597 ¢
g362°"
79204
26276
BBOL T
17649
13425
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} TABLE 110
Ry
{i FATIGUE RESULTS FOR 7091 SHEETS: R = 0.1, Kt = 2.7
3o}
&Y
i ”. STRESS CYCLES FAIL (1)
g pPs1 NO FAIL (0)
& L]
j 150C¢ 4887900 0
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TABLE 111
< .
o FATIGUE RESULTS FOR 7091 SHEETS: R = 0.1, K, = 3.0
3
. STRESS CYCLES FAIL (1)
‘ PSI NO FAIL (0)
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Figure 14, Fatique Crack Growth Rate Data for 7091 Sheet,
L-T Orientation.
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Figure I5. Fatique Crack Growth Rate Date for 7091 Sheet,
v L-T Orientation.
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Figure 16. Fatigue Crack Growth Rate Date for 7091 Sheet,
L-T Orientation.
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Figure 17, Fatigue Crack Growth Rate Data for 7091 Sheet,
T-L Orientation.
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STRESS CORROSION

ALCOA reported the 7091-T7E69 sheet has good resistance to exfoliation
when compared to the 7075-T6 plate. Tabular results are in Table I12 and
I13 . :
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