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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.
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Table 1

Participants and P/M Aluminums in the Cooperative Test Program

Forgings Extrusions Plate Sheet

00 C: ,-I C) 0,ne O
'% 00 ID i aD

Boeng X ~i - ni

Dou01s CA

(M Fa ri ON I (n
C" LD CA X- ;A C%4 CD CD

':::'Dougl as, CA

.- 0 0 .4 0 =i- 0-
roeld X X X X X

General X X

Dynaics

Lockheed, CA x x

Lockheed, GA x X

McDonnell X
Douglas, MO

Northrop X X X

Rockwell x x x x x x

Vought x x X

AFWAL X X X X X X

ALCOA x x X X X X X X

3, 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-

egories 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.

k ° 4
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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

S-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.

5
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For the fatigue data analysis,a MIL-HDBK-5 equation was used to give a

mean trend best fit. Preliminary results 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 low 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

lowest 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.

.j6
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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 list 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.

7
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Appendix A contains the data for 7091 forgings and is typical of the

Sother 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

lots 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
A 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

8
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I

is not necessarily included in the graphical and tabular presentations of

these data. Spectrum fatigue tests in Figures A13 and A14 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. All P/M aluminum alloys displayed good corrosion resistance.

I

I
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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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TABLE Al

SUIGESTED ALIOWABLES FOR

7091-T7E78 FORGINGS: 2-1/2 x 6"

F tu. KS!

L 76.8

LT 75.6

ST 74.2

Fty, KSI

L 68.4

LT 64.9

ST 61.9

F KS!

L 69.9

LT 68.8

ST 70. 1

F5s, KS!

L 40.1

LT 40.3

ST 38.9

F bu KS!

L

(e/D =1.5) 119.0

(e/D = 2.0) 154.9

IT

(e/D = 1.5) 119.5

(e/D = 2.0) 151.2
NOTE: These values were developed to be

F, KS! used only in a cost-benefit-analysis and
by are not necessarily accurate for design

I of hardware.
(e/D = 1.5) 106.1

(e/D = 2.0 116.8

LT

(e/D = 1.5) 103.6

(e/D = 2.0) 117.0

K IC, KS! I#F
LT 26.8

TL 15.9

SI 18.4
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TABLE A2

7091-T7E78 FORGINGS:
TENSILE

COMPANY TEST 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



TABLE A3

7091-T7E78 FORGING
TENSILE

COMPANY TEST ORIENTATION ULT YIELD ELONG
EMP STR STR
F KSI KSI

McDonnell RT TRANS 77.4 66.4 6.5
Dougl as-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

McDonnell 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
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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 7.5
76.0 62.6 7.8
75.9 64.2 7.5

McDonnel 1 76.5 63.5 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 A17

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

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

0 , 2600f000 l

0 14.13 0 1

7100 26000
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TABLE A16

FATIGUE RESULTS FOR 7091 FORGINGS: R = 0.1, Kt = 1.0

Stress Cycles Fail (1)
PSI No Fail (0)
.99 C 0 o1000000or 0

42P 781U 0 I
(= 71, r l.OOOO i

45,09 10690600 0
4r mmn 1553.41 50 0
467r0 1600C00 1
47"C- 1796000 1
47-in% 11313250 I

15541900 "

C 6352500 0
p 2100 a00 1

.'p 3P, 165R700 0

215 4 If-n
970 0 3161700 I

. 360Cf0
(J3009 3961r0 1
6223 n  22350 1
C;n n P9

6r.Ofl) 2052n0 1
4,'2' n 93! -

670CO 3103P0
670CC 73800 1

"OO 990% 1
f, n r 75 n 1
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TABLE A15

FATIGUE RESULTS FOR 7091 FORGINGS: R =-l.O, Kt = 1.0

Stress Cycles Fail(l)
PSI No fail(0)

? 7c I 1019 6 q l
Z75O 134120[ 1
4 !0 2 6 9 1 q 1
4'q000 44634 1
4f0D . 46171 I
6 n OOO 1876 1

£..n 2596 1
rp?o 51191

720O 297 1

27
"" "" " " " "-"+"-" -" ," ' "" """-" " %" " ". -" " ",",,'R -,,w,• w .,--------------------------------------------------"-----"--------"--- .,--""--------"---.- ". "..-

,,,, ' .'j ,,,,.,). ,., .,- ,- ,., ,.+-, ,%. - ."a ..,. +"..-+"x-.. .:" . .- :,t, "-"- ' "."," -" .''.--'. "+",'"'
w u I + , : . , ,+ , _ : _ • ... . J . ..-. . . .. .S i ! i - l lll ll~l



,N L Ln

n (\j~ CO)
n- -:3 (\j -

N) G)--

LO (f)
*D CE

CD

- o

crn
LL.

00I Vi.OI0?I

z 26



TABLE A14

7091-T7E78 FORGING
FRACTURE TOUGHNESS, KIc

COMPANY ORIENTATION KI  KQ COMMENT

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

25



TABLE A13

7091-T7E78 FORGING
FRACTURE TOUGHNESS, KIC

COMPANY ORIENTATION KIc K COMMENT

KSI TN KSI IN

McDonnell L-T 35.7 Failed crack plane angle
Douglas-CA 30.2

Rockwell 26.3 Invalid crack deviation from
notch plane more 10

24.8

McDonnell 27.7 Valid
St. L 27.0 Valid

ALCOA 30.2 Valid
26.8 Valid
37.3 Valid

Boeing 27.8

I
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TABLE A12

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 1 126.0
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

McDonnell1 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

I
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[ABLE 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
125.0 103.6
126.6 105.0

ALCOA 120.1 104.5
119.5 105.1
123.9 107.7

Boeing 120.9

,

22



TABLE A1O

7091-T7E78 FORGING
SHEAR

COMPANY ORIENTATION SHEAR
STRENGTH
KSI

McDonnell S.TRANS 42.6
Douglas-CA 41.9

41.6

Boeing 39.6

38.9

2 -1



TABLE A9

7091-T7E78 FORGING
SHEAR

COMPANY ORIENTATION SHEAR
STRENGTH
KSI

McDonnell TRANS 45.6
Dougl as-CA 45.3

47.8

Rockwell 50.4
50.2
46.6

McDonnell 40.3
Douglas, ST. L. 41.2

39.3

ALCOA 44.7
47.4
45.6

'w2



TABLE A6

7091-T7E78 FORGING
COMPRESS ION

COMPANY ORIENTATION COMP
YIELD STR
KSI

McDonnell TRANS 71.4
Douglas-CA 70.0

69.9

Rockwell 70.3
70.8
70.5

McDonnel 1 72.5
Douglas, ST. L. 73.5

76.5

ALCOA 69.6
70.8
68.8

Boeing 72.1
71.8

17



TABLE A5

7091-T7E78 FORGING
COPRSI ON

COMPANY ORIENTATION COMPR
YIELD
STR
KS I

McDonnell Long 72.2
Douglas-CA 73.2

-r 73.6

Rockwell 74.9
74.6
76.4

McDonnell 79.5
Douglas, ST. L. 78.5

74.5

ALCOA 71.1
72.6
70.8

Boeing 68.8
73.1

216
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TABLE A18

FATIGUE RESULTS FOR 7091 FORGINGS: R = 0.1, Kt = 3.0

STRESS CYCLES FAIL (1)
PSI NO FAIL (0)
0 ' L 1 0 . 110 n[ C

2"0(f 35315D 1
2 2 02 1 C 14 4 P

24GC r 2?95C
24 2 0u C 1 7 86!80 1.
2 4 C 179 73 5

PC c 151%, 55

* 171pro
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CONDITION/HT: T7E78
FORM: 2.50- 2. 60"TH FORGING YIELD STRENGTH: 88. 0- 74.5 KSI I ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 77. 8- 83. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 251- 1. 250"
FREQUENCY: 1.00- 30.00 HZ SPECIMEN WIDTH: 1. 965- 4. 995" 7091
ENVIRONMENT: R.T. LAB AIR REFERENCES:

&K (MPA N/W) &K (MPA NiF)
4 10 40 100 4 10 40 100

•A - 1 191 I ' I','' I 9
STRESSRATIO= -0.05 STRESS RATIO= #0. 10

162 -2 _
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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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STABLE A19

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE A5 INDICATING EFFECT
OF STRESS RATIO

K- Boeing, McDonnell Douglas-CA, McDonnell Douglas St. L and Rockwell
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CONDITION/HT: T7E78 ALUM.
FORM: 2. 50"TH FORCING YIELD STRENGTH: 69. KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 78. 2 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 251"
FREQUENCY: 10. 00- 25. 00 HZ SPECIMEN WIDTH: 1. 999" 70g1
ENVIRONMENT: R.T. .HI HUMIDITY REFERENCES:
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FigureA6. Fatigue Crack Growth Rate Data for 7091 Forgings; ALCOA
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TABLE A20

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE A6 INDICATING EFFECT
OF STRESS RATIO

ALCOA
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CONDITION/Hr: T7"E79 ALUM.
FORM: 2. 50"TH FORGING YIELD STRENGTH: 74.5 KSI ALLOY
SPECIMEN IYPE: CCP ULT. STRENGTH: 83. 0 KSI
ORIENTATION L-T SPECIMEN THK: . 2052- 0. 256"
STRESS RAFIO: +0.10 SPECIMEN WIDTH: 3. 913- 3. 919" 7091
FREQUENCY: 1. 00- 20. 00 HZ REFERENCES:
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Figure A7. Fatigue Crack Growth Rate Data for 7091 Forgings; McDonnell-Douglas St.L
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TABLE A21

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE A7 INDICATING EFFECT
OF ENVIRONMENT
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CONDITION/HT: T7E78 ALUM.
F OPM 2. LZ"TH FORGrI' YILLD STRENGTH: 70.0- 72. 0 KSI ALLOY
-Fj:CIMFN FYPE: CT ULT. STRENGTH: 78. 4- 81. 0 KSI

o)iiFN rATION: T-L SPECIMEN THK: 0. 248- 0.. 494"
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FiqureA& Fatigue Crack Growth Rate Data for 7091 Forgings;McOonnell-Douglas-St.L.

and Rockwell
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TABLE A22

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS OF
STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE A8 INDICATING EFFECT
OF STRESS RATIO

McDonnell Douglas-St. L and Rockwell
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CONDITION/I-IT: T7E78 ALUM.
FORM: 2. 51"TH FORGING YIELD STRENGTH: 67.4 KSI ALLOY
SPECIMEN 'tYPE: CT ULT. STRENGTH: 77. 5 KSI
ORIFNTATION: T-L SPECIMEN THK: 0. 250- 0. 251"
FREQUENCY: 10. 00- 25. 0. HZ SPECIMEN WIDTH: 1.997- 1.998" 7 9l
ENVIRONMENT: R.T. HI HUMIDITY REFERENCES:

A K (MPA N/'mW) AK (MPA ,/)

4 10 40 100 4 10 40 100

STRESS RATIO = +-. 10 1 STRESS RATIO =0. 33

10 10

1101 10' 1

-3 1073___10.- .- 0 -- .____.
-2 110-2

10 10 E

105 ___ 10
1 4  0 -4

100
10 161

____0- -10
4 =

1 16-10

10 1040 10

S 10-  4 1 4 1 0 .  
__ __ ___l_ __.-__ __ __

"I''I ._I f I~ " 1 04 II'II I I I -- I I0
10-6

STRESS RATIO 100 STRESS RATIO =10

2 -2

10. -10
. 5  -- 10.

1ff - - 10.1

1 4 10 40 10 1 4 0 0 0

1 
4

1 Q3 3 . E
- El

:0 1075 1 z
10 U41

-5 5

101 100- f

10F7 __ _ _ 7

10 10- 1,

168- - 1 0

1 4 10 40 100 1 4 10 40 100
AK (KSI vfin) &K (KSI v'Wn)

Figure A9. Fatigue Crack Growth Rate Data for 7091 Forgings; ALCOA
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TABLE A23

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE A9 INDICATING EFFECT
OF STRESS RATIO
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TABLE A24

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS OF
STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE A1O INDICATING EFFECT
OF STRESS RATIO
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Figure A12. Specimen used to Generate Data in Figures A13 and A14.
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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 LuJis, 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

dn overly fast growth rate which may have affected the total flights to

failure. All 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 lcwest reported failure occurred at 40 KSI.
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TABLE A25

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE All INDICATING EFFECT

OF STRESS RATIO
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CONDITION/HT: T7E78 ALU1.

FORM: 2. 50"TH FORGING YIELD STRENGTH: 62. 7 KSI A LOY
, SPECIMEN IYPE: CT ULT. STRENGTH: 75. 1 KSI
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FigureAILFatigue Crack Growth Rate Data for 7091 Forgings; ALCOA
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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 .IPa (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)

Stress Level No. Failures/No.
S. No. Alloy Temper (ksi/MPa) Specimens Tested

513910-2-16 7090 T7E80 25/172 0/3

51391b-2-16 7090 T7E80 45/310 0/3

513910-7-11 7090 T7E80 25/172 0/3

513910-7-11 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) 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 lb) billets sawed in half.

(2) 3-1/2% sodium chloride alternate immersion tests was
conducted in accordance with ASTM G44-75.
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5~250

.375± .03:1

± I -DIA. + X001 70 + .003
* Gauge

I .125 ± .005 DUA.

-~ I ~DIA. + .031 710+ .003

1.50± .06 I12 ± 0I.TP

-~ II Iif10-32 UNF Thread
-/ JPERL -11I-S-7742. 7012

NOTES: 1. ALL PX~',UIF= 1EaT TFZk==,7 SWALL B3 Fz-_?VOI6- FRICR 70 rFm

2. DO NOT GiI11D.
'3. S?=V ' ' 11B CAL CN cCc7 C 'TICZ D ~S I .00 a7-H

*70LZ'.A1:C-. 7AF--"bI 2*ST BE GRADUAL.
5. SuJnzAC M-U0h"tsc PER 1*a-m-iO-. 63/ P = .C=?7 AS 1ZOTE.
6. SM.f'Z=-! S11?1" BE F:Z OF '!''%O~ DZ -SC? C1SA JCM~r

7 0LLOJXCUS. ± .010 ==SS OTHiEISE SECIFI

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)
(KS I)

2S-SCC-1 30 NF

2S-SCC-2 30 NF

2S-SCC-3 40 NFII2s-Scr-4 40 33 to 80*
2S-SCL-5 50 33 to 80*

2S-SCC-6 50 33 to 80*

*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

AST11 G44 & D1141, Substitute Ocean Water

SPECIMEN SUSTAINED EXPOSURE
CODE STRESS (KSI) (DAYS) RESULTS

SCl Anodized 50 92 No Failure (11F)
SC2 Anodized 50 71 Failure
SC3 50 92 NF *
SC4 50 92 RF *

• 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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TABLE B1

SUGGESTED ALLOWABLES FOR

7090-T7E80 FORGINGS: 2-1/2" x 6"

F tu. KSI
L 78.6
LT 77.2
ST 74.8

Ft., KSI
~L 70.1
LT 67.1
ST 63.5

F CY KSI 7.
L 7.
LT 73.3
ST 73.6

F u KSI
L 46.9
LT 47.1

F bu. 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)

F by. KSI

(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 NOTE: These values were developed to be

K KSI-II-Nused only in a cost-benefit-analysis and
KSIVT, are not necessarily accurate for design
LT 14.6 of hardware.
TL 16.6
SL 18.1
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TABLE B2
7090 FORGING:
TENSILE

COMPANY TEST ORIENTATION ULT YIELD ELONG
EMP STR STR%
F KSI KSI

ROCKWELL RT LONG 82.6 74.5 11.9
81.0 72.5 12.2
78.7 70.8 11.2

VOUGHT RT 80.0 75.3
80.0 73.3 7.6
83.7 77.6 5.3

ALCOA RT 80.9 71.9 11.5
78.6 70.8 10.0*
81.2 72.0 12.1-*

BOEING RT 80.7 72.3 11.8
78.6 69.9 11.5

AFWAL RT 86.4 78.2 12.0
82.9 73.9 11.6
84.0 75.9 12.9

VOUGHT 500 0 74.7 66.3 10.2
75.3 67.2 10.0
69.7 66.3 8.8

*Internal discontinuity
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TA3LE B3

7090 FORGING
TENSILE

COMPANY TEST ORIENTATION ULT YIELD ELONG
EMP 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

-- 5 S*-*-..-. . . * 9



TABLE B4

7090 FORGING
COMPRESS ION

COMPANY ORIENTATION COMP
YIELD
STR
KSI

ROCKWELL LONG 72.5
73.0
75.1

VOUGHT 80.6
85.4
83.6

ALCOA 73.9
73.2
70.3

BOEING 73.3
74.4

VOUGHT 73.1 Tested at 4100F
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TABLE B5

7090 FORGING
COMPRESS ION

COMPANY ORIENTATION COMP YIELD
STR (KSI)

ROCKWELL TRANS 76.9
73.3
74.4

VOUGHT 83.1
86.9
85.4

ALCOA 73.4
74.1
73.5

ALCOA SHORT 73.6
TRANS 75.9

75.7

4.

I.

! 74
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TABLE B6

7090 FORGING
SHEAR

COMPANY ORIENTATION SHEAR
STR
KSI

ROCKWELL LONG 49.7
49.5
50.2

VOUGHT 54.1
48.8
48.6
50.5

ALCOA 47.3
46.9
46.9

V.
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TABLE B7

7090 FORGING
SHEAR

COMPANY ORIENTATION SHEAR
STR
KSI

ROCKWELL TRANS -
48.4
48.0

ALCOA 48.2
47.1
47.6

'76
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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 0
98.4 -500F

104.7 5000F
68.8 500 F

Kal
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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
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TABLE B1O

7090 FORGING
FRACTURE TOUGHNESS, KIC

COMPANY ORIENTATION KIc KQ COMMENT

" (KS I IN) (KSI VIN

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-a 4

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 0.6K for last
step

ALCOA S-L 18.6 invalid Kf greater
than 0.6 K for last
step

S-L 18.1 valid
S-L 19.8 valid

C79
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TABLE Bl1

FATIGUE RESULTS FOR 7090 FORGINGS: R : 0.1, Kt : 1.0

STRESS CYCLES FAIL (1)

PSI NO FAIL (0)

41 M 1I17 15
430C3 463q 2O 1
4r50CG 10251 lk

4r-r 1100
45000 109P OG% 0
47001 138400 1
4700c C 33900 624 n r, 187 400 0

5300C 262100C 1
6 r C 7 7 S "O 1

660100 I
A A 0G 602 0 1
6F.COo 476U0 1
60 00 F 85

6 p0 0 2814001

700,0 42200 1
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TABLE B12

FATIGUE RESULTS FOR 7090 FORGINGS: R = 0.1, Kt = 2.5

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

I17r,"0 1 Go3in 00 r
2') 0c U1 I'0 O0 0 
2lflCC x6336q( I
2 18 '.v r q, 1 0
2622!8 a
2',2 Cr, 323",3 I
332'" 1q rt
352C f" I1 9 1

4COr L -507"
454C C 160 1
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TABLE B13

FATIGUE RESULTS FOR 7090 FORGINGS: R =0.1, K t =3.0

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

24 0 C 1 34C43 00

14 S

2 C 14.77 r-5 rr 0
2r 69~52900l 1

2 Qr. r, 1 53 (10 1 1
3 30c 0 3 90~ 1
3 0 0c ~6 8 4 0 1

3 .06 13O 01
£L-V. c I4

6~20 0 785'~ 0
3P q P 7 n

20C 1307300 1
3 4 tVCiC 182 iC1

4 ,0J 4 4 3 ,"~
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I 0.4 ,

_, __.___ 3 .9 ,. (10)_

(99)

(0.127) 0

LO
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\ /

Di,... 'SIONS: INCHES
(mm)

THICKNESS: 0.25
(6.41

Fiqure B8. Snecimen Used to Generate Data in Figures B9 and BiO.
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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

51391b-2-16 7090 T7E80 45/310 0/3

513910-7-11 7090 T7E80 25/172 0/3

513910-7-11 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) 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 lb) billets sawed in half.

(2) 3-1/2% sodium chloride alternate immersion tests was
conducted in accordance with ASTM G44-75.
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CORROSION RESULTS FROM ALCOA

Table B18 lists the resu-ts 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-T7E80
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.
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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

MATERIAL: ALUMINUM 7090
CONDITION: T7E80
ENVIRONMENI: R.T. ,Hr HUMIDITY

DELTA I' . DA/DN (10**-6 IN./CYCLE)
(KSi*IN**1/2) A

:A B C D

: R=+O. 10 R=+0. 33

A: 1.17 : .02
DELTA K B: 1. 14 : .02

MIN C: 4
D:

1.30 : .0470 .0484
1.60 : .106 .103
2.00 " .225 .214
2.50 : .435 .420
3.00.: .715 .715
3.50: 1.07 1.13
4.00 : 1.53 1.69
5.00 • 2.82 3.49
6.00 : 4.86 6.75

4 7.00 " 8.06 12.58.00 : 13.1 22.7

9.00 • 20.9 40.2
10.00 • 32.9 69.9
13.00 1 123.

A: 13.97 : 185.
DELTA K B: 11.05 : 123.

MAX C:
" D::
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CONDITION/HT: T7E80 ALUM.
FORM: 2. 5"TH FORGING 'YIELD STRENGTH: 66. 1 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 77. 8 KSI
ORIENTATION: S-L SPECIMEN THK: 0. 251"
FREQUENCY: 25. 00 HZ SPECIMEN WIDTH: 1. 997- 1. 999" 7Z9Z
ENVIRONMENT: R. T.. HI HUMIDITY REFERENCES: 7_3_0

AK (MPA AW) &K (MPA v'-)
4 10 40 100 4 10 40 100

STRESS RATIO = -0. 10 10 @ STRESS RATIO = .. 3

102  
10

101 - 101

C-)2
01010 10
4  

- 4

S -10 .  10- "E

'.10 10 0.  Z

.'. 0 
-  1- - 4 10-U106 166

10-
1_18 10.6 8- 106

llr1 4 10 40 100
mf I I II I 1 I111I1 1 @ 1 1 1 - I 1 1 11 111 1 1 1 11 11 -

"0STRESS RATIO =100 STRESS RATIO =10

- .. 1_0- 1 10- 1STRES RA IO 100

100
,O3  1O.3 ,

02 --

01
1 - o 5 10 O

10" -- _____ -- 010 10- - - - _ _ _ _ _ -
1...1to 1

.-- --
10 10.  -

1 166

.. .,, 1 10. .-- 10-

1 4 10 40 100 1 4 10 40 100
AK (KSI vr'T) AK (KSI VT)

Figure 87. Fatigue Crack Growth Rate Data for 7090 Forgings;
ALCOA
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TABLE BI6

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE B6 INDICATING EFFECT

OF STRESS RATIO

ALCOA

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

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

.4 : R=+O. 10 R=+O. 33

A: 1.65 : .00
DELTA K H: 1.10 : .00
MIN C: 60

D:

1.30 : .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
6.00 " 3. 94 6.55
7.00 : 7.07 13.5
8.00 : 12.3 27.3
9.00 : 20. 9 54.4
10.00 : 35.0

A: 12.47 : 118.
DELTA K 1: 9.28 : 65.9

MAX C:
D:
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CONDITION/HT: T7E80 ALUM.
FORM: 2. 50"TH FORGING YIELD STRENGTH: 70. 8 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 81. § KSI
ORIENTATION: T-L SPECIMEN THK: 0. 251"
FREQUENCY: 10. 0- 25.00 HZ SPECIMEN WIDTH: 1. 999" 7090
ENVIRONMENT: R.T.. HI HUMIDITY REFERENCES:

,&K (MPA Vm/) AK (MPA %/-m)
4 10 40 100 4 10 40 100

G ) 100 @

STRESS RATIO -o-0.10 STRESS RATIO = +0. 33

162 162
;10 10- 1

i F
-102 102 _

. 1.4 ___1_4 ____---- __"

Cr 103 _ E

0 1 0 
1 0 -

z E

1V 
106 -- c0z

1660
"~5 16 - 10"5

.7 1.7 _____--____

10 10_

1 4 10 40 100 10 4 10 40 100

STRESS RATIO 100 STRESS RATIO= 100

1-2 -2_
S-100 1  10 1

103  _ 
103

163  1 o4
- " - 10.23 10"23

1 07, 1 6 -5 - >
.4-

,1-0 -10

10 - 5 10 - z--- 4 V__ 1 "

_1 0 1 0- 6

1 -- - 106 
.. 1 .

10";' -- -- 107  --

10780 
1 0

1 4 10 40 100 1 4 10 40 100

&K (KSI /i n) AK (KSI V/Tn

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

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 35 INDICATING EFFECT
OF STRESS RATIO

ALCOA

Mi'" I AL( 'MINUN 70'70
*C.f. i I '>,i. T7EF'0

;r!'V .'...dI 1-NT" F. T. ,HI H IUN1D I I'Y

.. 1, K DA/UN (10**-6 IN. /CYCLE)

A B C C

13 0:+. 1O R-:+0. :33

A: 1. 62 .01
)FLA '. B 1. 20 • .00

MIN C: 70

1. 30 : 0424
S1. 60 ". 075
2. 00 . 044 124

2. 50 " .171 .242

3.00 1. 31 1
3. 6 :" 4 1

6. CO : 1. 't 5. 05
7. -..," 7. 1 9. 41

" 8. 00 " ] . 03$S "

9.00: 1.. 5 17. 3
to. 00 • 1'. 5 22.2
13.00 2 V."6

A: 14. . 3*I. 6
D:v' V, 1: IJ. J9 28. 5

i if". C:
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CONDIrioI,/IHT: 1"7E -,
FORM: 2. 531"TH FORGING YIELD STRENGTH: 71.6 KGI A'C,'

SPE',it-MFN TYPE: CT UL'r. STP*NGTH: 8T. 2 K51
ORIENAION: I.--T SPECIMNI' TH <: 0. 2'-
FHEOULNCY: 25. 09 HZ SPECIMN WIDTHi: 1. 039" 7E.7
ENVIRONMENT: R. T. .HI HUMIDITY RE-ERENCES:

AK (MPA A'm) AK (MFA Vm/)
4 10 40 100 4 10' 40 1()0

STRESS RATIO = + 0. 10 10 o STRESS RATIO 3+. 3
10---- 10 - --

-10-1

... 10-1 10.3 i . 0 2 1 .

102 
103 110

103  10.3

coP 10' 10T o

-G -. ___ ______ -166 . -

oF5- 
5

10.6 10
101 Q.J--- 1010_

4 10 40 100 1 4 10 40 100
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Figure B5. 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

---------------------------------- -------------------------------

A-I - MATER IAL: ALUMINUM 7090
CONDITION: T7E80
ENVIRONMENT: R.T. ,LAB AIR

N DELTA K .DA/DN (10**'-6 IN. /CYCLE)
(MKSI*IN**1/2)

.A B C D

R=+0.06

A: 4.49 1.43
DELTA K B3:

MIN C:

5.00 : 3.23
6.00 : 7.33
7.00 : 9.9e
8.00 : 11.2
9.00- : 12.1

10.00 : 13.4
13.00 : 29.2
16.00 : 136.

A: 17.26 : 320.
DELTA K B:

MAX C:
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CONDITION/HT: T7E80 ALUM.
FORM: 2..60"TH FORGING YIELD STRENGTH: 71. 1 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 79. 6 KSI
ORIENTATION: L-T SPECIMEN THK:
FREQUENCY: 30.00 HZ SPECIMEN WIDTH: 7090
ENVIRONMENT: R. T. . LAB AIR REFERENCES:

&K (MPA Vm) AK (MPA Vrm)
4 10 40 100 4 10 40 100

1-1-111 I- T T~ -411 10 'l il -

STRESS RATIO +0.06 10 STRESSRATIO
-2 _ _________ ________ _ 10

.2  
_______ ___--____._

-10 10

110. 101

,. 100-3
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"- 10 3  z 
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E
. Z 5  -5--_10.

__- z
,10 100
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106 0
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16
I , 1,1,1,±.Li. ... , ,l~ l - 10"8 I l J I*j****jj~ ***ll****j lj -
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©I',, , , II I ,I I, 100,, 1 11 ,111  1' 1 1 1 0

STRESS RATIO =10° STRESS RATIO = 10°
io2 __ __ __ _ 2
10 

0

10-1 10 "1
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l 103 "

10-2 102

tU I04 I04 164

1 01 0 -3 E
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16 - 105 -Z - 5 _104__.._ 104
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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.

N

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

SUGGESTED ALLOWABLES FOR
IN 9021 FORGINGS: .75" x 5"

Ftu, KSI

L 80.3

LT 83.2

F ty KSI
ty"L 70.5

LT 72.1

Fcy KSI

L 65.4
LT 73.3

Fsu, KSI

L 41.5

LT 40.9

Fbu, KSI

L

(e/D=1.5) 120.5

e/D=2.0) 140.6

LT

(e/D=1.5) 119.9

(e/D=2.0) 140.6

F by, KSI

L

(e/D=1.5) 104.0

(e/D=2.0) 118.0

LT

(e/D=1.5) -

(e/D=2.0) 121.1 NOTE: These values were developed to be

K KSI VT used only in a cost-benefit-analysis and
LT 17.8 are not necessarily accurate for design

of hardware.
TL 20.1
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TABLE C2

IN-9021 FORGING .75" x 511

TENSILE

COMPANY TEST ORIENTATION ULT YIELD ELONG RA
TJMP STR STR (%) (%)
( F)' (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
Dynamics

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

89.6 76.7 11.0

Rockwell 87.6 73.5 12.4

86.3 76.0 12.4

83.9 73.6 12.1

Boeing 78.6 71.2 8.8

81.7 73.4 10.5

Vought 500 77.7 68.7 14.6

82.4 72.5 12.9

76.7 68.7 16.6
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TABLE C3

IN-9021 FORGING

TENSILE

COMPANY TEST ORIENTATION ULT YIELD ELONG
TEMP STR STR M%
(OF) (KSI) (KSI)

Vought RT Trans 84.0 74.6 12.4

85.4 74.6 12.8

83.4 14.6 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

'I, IN-9021 FORGING

COMPRESS ION

COMPANY ORIEN4TATION COMPR
YIELD
STR
(KSI)

Vought Long 74.1

68.6

74.1'

*Lockheed-GA 74.4

72.5

71.4

Boeing 64.8

67.0

*Vought Trans 77.0

75.7

76.1

Lockheed-GA 81.1

1. 78.3

79.7

*Boeing 73.3

73.8
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TABLE C5

IN-9021 FORGING

SHEAR

COMPANY ORIENTATION SHEAR
STRENGTH
(KsI)

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

*double shear
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TABLE C6

IN-9021 FORGING

BEARING

COMPANY ORIENTATION e/D BEARING BEARING
ULT YIELD
(KSI) (KSI)

Lockheed-GA Long 1.5 124.0 107.0

122.0 104.0

123.0 104.0

Boeing Long 1.5 121.6

120.5

Boeing Trans 1.5 119.9

Lockheed-GA Long 2.0 156.0 127.0

158.0 129.0

154.0 139.0

Vought Long 2.0 142.2 125.0

140.6 125.0
2 1

142.2 118.0

142.2 118.0

106.0 NA 5000 F

132.8 NA 500 F
..

Vought Trans 2.0 146.9 125.0

140.6 125.0

154.7 121.1
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TABLE C7

IN-9021 FORGING

FRACTURE TOUGHNESS, KIC

COMPANY ORIENTATION K KQ COMMENT(KSIWW KS I QRN

Rockwell L-T 43.0 insufficient size

42.1 insufficient size

Vought 15.1 invalid

31.7 invalid

30.6 invalid

General 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 insuffiicient size

Vought 31.7 invalid

31.5 valid

'eneral 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.

ALCOA 30.3 valid
31.0 valid
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TABLE C8

FATIGUE RESULTS FOR IN-9021 FORGINGS: R =0.1, Kt =2.5

STRESS FAIL (1)
PSICYCLES NO FAIL (0)

I 1 7 ,, 003onr
20n 130000
2 1 47659

2f 20 76500j0 0
2(-2C " 412331 0 1
32 2 P 247 0 (1
3 3 2 ' 97 n
3P4n'-2 10430
4 n n?, 11841

1 10
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TABLE C9

FATIGUE RESULTS FOR IN-9021 FORGING: R = 0.1, Kt =2.7

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

2 8 C 7 8 7 1 0
2~3Cr 14-y7n 1

v 934 r1

349 !o 202
n r 44

4 C0 140" n

1 12



CONDITION/HT: T,52 ALUM.
FORM: 0.9."TH FORGING YIELD STRENGTH: 72. 3 <S-i ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 80. 2 KSI
ORIENTVATION: L-T SPECIMEN THK-
FREQUENCY: 30. 00 HZ SPECIMEN WIDTH: IN9Z2
ENVIRONMENT: R. T. . LAB AIR REFERENCES:

A K (MPA m/) AK (MPA /m)
4 10 40 100 4 10 40 100

I , I I I1 1111 = I , I I i ' , 1,'

STRESS RATIO = -. 06 -110° STRESS RATIO

102  l 
-

- 1
10-1 -- 10-1

-41 10. 0.1 -3 10.-

.4 lO.4 )

"., 10 - 1 0°- 1°-_ _ _ -

0101

!10' 
10- E-1-

10 E

010 .  10-

1 0 6 -6_ t t I I l J - 0 1__ __ ___I _ __ 1_1__1 ___1 __l _

101 40 10 10 0 0

55

10- 10-

-7

10. -_1 6-- 1010

0
d. -- 10.6 10 1o- _

o 104 -- 10,8 .

1 4 10 40 100 4 10 40 100
= I , ' II 1 1 11111 - I IVTT I1,TIVT199 :

STRESS RATIO 100 STRESS RATIO- 10.

-62

101 -- 10-6 1
10.6 

10.1

10__.___ ___.' ___ l~ 0 1 .3 _ _____ L LJ _.L~

104 0 0 1 -_4 1

-0

13
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10 .- 0 --- ___0_

1 L .13i 1i.±~ -h 16 8, 102
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Figure C3. Fatigue Crack Growth Rate Data for IN-9021 Forgings;

Boeing
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TA L.E DI

SUGGESTED ALLOVIABLES FOR

7091-T7E69 Extrusions; ig" x 4j"

F tu, KSI

L 82.7
LT 76.5
ST 76.9

F t KSI

L 74.1
LT 66.7
ST 63.7

Fc KSI

L 73.4
LT 69.6

F s KSI

L 45.8
LT 43.8

F bru' KSI

L
(e/D=1.5) 120.0
(e/D=2.O) 147.6
LT
(e/D=1.5) 107.4
(c.'D=2.O) 139.3

F by. KSI

L
(e/D=1.5) 99.6
(e/D=2.O) 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

K IC, KSIvTA- of hardware.

LT 35.8
TL 26.6
SL 25.7
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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
IN9021-T4 FORGING

Results From Lockheed GA.

Three specimens were exposed to alternate immersion

(10 minutes wet/50 minutes dry) for 30 days in 3h%

salt water. The specimens were stressed to 59 ksi.

All specimens were intact after 30 days. 720 hrs.
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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. All 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 lower 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 the 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
CONDIT'ON: T352
ENVIRONMENT: R.T. 1LAD AIR

DELTA K -- -- DA/DN(10-*-6N./CYCLE)

(KSI*IN**1/2)
A B C D

R+0. 06

A: 9. 11 : 1./6
DELTA K B:

MIN C:
D .

10.00 : 2.47
13.00 : 7.75
16.00 : 18.2
20.00 : 31.7

A: 20.688 • 33.0
DELTA K B:

MAX C:
D

I1
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CONDITION/HT: T352 ALUM.
FORM: 0.9 9"TH FORGING YIELD STRENGTH: 72.2 KSI ALLOY
SPECIMEN TYPE, CT ULT. STRENGTH: 83. 0 KSI
ORIENTATION: T-L SPECIMEN THK:
FREQUIENCY: 30. 00 HZ SPECIMEN WIDTH: IN9021 I
ENVIRONMENT: R. T. oLAB AIR REFERENCES:

AK (MPA %im) &K (MPA /I'm)
4 10 40 100 4 10 40 100

11 , I I
STRESS RATIO = +1. 6100 STRESS RATIO

- 10 .1 10 "'

1 0l 3  10 -
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Z10 5  105  - z
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1 4 10 40 100 1 4 10 40 100

STRESS RATIO STRESS RATIO = 100
162  1 21
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010-
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"16. 164O_

i - 103  _ _._10-3 E
S1010 10 ,Z

U1 4 .l - 10.4 ___1010

Sd _10

10z __10
.  --

10 10-1 0- 108 J

1 0
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FigureC6. Fatigue Crack Growth Rate Data for IN-9021 Forgings;
Boeing
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TABLE C12

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 IN9021
CONDITION:
ENVIRONMENT: R.T. ,HI HUMIDITY

DELTA K • DA/DN (10**-6 IN. /CYCLE)
(KSI*TN**1/2)

: A B C D

: 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
9.00. : 4.51
10.00 : 9.82
13.00 : 59.2
16.00 : 171.
20. 00 : 288.

A: 22.38 : 270.
DELTA K B:

MAX C:
D:
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CONDITION/HT: AL.
FORM: 0. 75"TH FORCING YIELD STRENGTH: 74.10 KSI ALLOY
SPECIMEN TYPE: WOL ULT. STRENGTH: 87. 2 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 398"
FREOUENCY: 9. 00 HZ SPECIMEN WIDTH: 2. 553" IN921
ENVIRONMENT: R. T., HI HUMIDITY REFERENCES:

AK (MPA V/m) AK (MPA V/i)
4 10 40 100 4 10 40 100

1, - 1 ' 1'I' 1 " 1 0= I 0' " I I I If "
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FigureC5. Fatigue Crack Growth Rate Data for IN-9021 Forgings;

General Dynamics
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TABLE Cll

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE C4 INDICATING EFFECT
V. OF STRESS RATIO

LOCKHEED-GA

--------------------------------- -------------

MATERIAL: ALUMINUM IN9021
CONDITION:
ENVIRONMENT: R. ". ,HI HUMIDITY

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**l/2)

A B C D

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
6.00 : .905 34.9
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:
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CONDITION/HT: ALUM. Y
FORM: 0. 75"TH FORGING YIELD STRENGTH: 77. 7 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 89. 2 KSI E
ORIENTATION: L-T SPECIMEN THK: 0. 248- 0. 254'
FREQUENCY: 20. 00 H: SPECIMEN WIDTH: 3. 099-- 4. 000" 1N9021
ENVIRONMENT: R. T., HI HUMIDITY REFERENCES

A K (MPA VNm) Z K (MPA V/'*)

4 10 40 100 4 10 40 100;' ( ) --F , ,1,1,1 , , I ,'l'l ( ) I 'i'I'lI 7T, TTT, F-

STRESS RATIO = +.10 10 STRESS RATIO = +.50
1 2 1_-2
"103  10-3
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.4 E-l 10o--Uz E

10- 5 10- z

-6.--100 101-
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10-6  o76 io.
6

10, 1071
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Figure C4. Fatigue Crack Growth Rate Data for IN-9021 Forgings;

Lockheed-GA
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TABLE C1O

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE C3 INDICATING EFFECT

OF STRESS RATIO

BOEING

elMATER IAL: ALUMINUM I N902 1
CONDITION: T352
ENVIRONMENT: R.T. ,LAD AIR

-----------------------------------------------------------------

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*It4**I/2)

A B C D

R=+0.06

A: 7.10: 1-77
DELTA K B:

MIN C:
I- . " '-D::

8.00 :1.59
.19.00 : 1.48

- 10.00 : 1.48
13.00 : 2.40
16.00: 7.35
20.00 6: 8.5
25. 00 : 2480.

A: 25.20 : 2902.
DELTA K B:

MAX C:
, D::

a114
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TABLE D2

7091-T7E69 EXTRUSION: 14" x 41"

TENSILE

COMPANY TEST ORIENTATION ULT YIELD ELONG,
TEMP STR, STR, %
(OF) KSI KSI

ALCOA RT LONG 84.8 75.9 9.5
82.8 74.1 9.5
84.2 75.7 10.0

ALCOA 86.6 79.7 11.5
87.1 80.2 11.0

AFWAL 84.9 77.0 11.3
83.6 74.9 11.7
84.7 77.0 11.3

FAIRCHILD 86.1 75.4 9.1
84.3 76.4
86.1 80.3
84.7 77.5 8.1
90.7 85.1 10.4

129
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TABLE D3

7091-T7E69 EXTRUSION: 1" x 41"

TENSILE

COMPANY TEST ORIENTATION ULT YIELD ELONG,
TEMP STR, STR, %
(OF) KSI KSI

ALCOA RT TRANS 79.1 69.9 10.7(h)
76.5 66.7 10.0
79.1 70.0 9.3

ALCOA 81.0 72.5 9.3
80.9 72.8 12.1

FAIRCHILD 82.0 73.0 13.3
78.0 67.3 19.3
80.8 72.2 12.8

h) fragmented fracture

130



TABLE D4

*7091-T7E69EXRSO

TENSILE

COMPANY ORIENT ULT YIELD ELONG
STR STR%
KSI KSI

ALCOA S TRANS 79.1 68.4 9.4(h)
S76.9 63.7 10.9

18.9 66.2 10.9

ALCOA 81.3 69.6 9.4
81.1 69.2 9.4
81.1 69.4 10.9
81.3 70.2 9.4

(h) fragmented fracture
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TABLE D5

7091-T7E69 EXTRUSION

COMPRESS ION

COMPANY ORIENTATION COMP .2%
YIELD STR
(KSI)

ALCOA LONG 75.4
74.7
75.7

ALCOA 81.2
81.7

FAIRCHILD 73.9
57.2*
73.6

. 73.4
50.0 *

* Eliminated from analysis

.13
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TABLE D6

1091-T7E69 EXTRUSION

COMPRESS ION

COMPANY ORI ENTATION COMP
YS,

KS I

-"ALCOA TRANS 74.1
72.0
74.1

ALCOA 78.5
78.6

NFAIRCHILD 69.6
77.3
79.1
72.2
70.5
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TABLE D7

7091-T7E69 EXTRUSION

SHEAR

COMPANY ORIENTATION SHEAR STR,
(KSI)

ALCOA LONG 46.1
45.8
46.1

ALCOA 48.1
47.6

FAIRCHILD 50.8
49.1
49.1
49.1
47.0
48.4

t1.

*4-
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TABLE D8

7091-T7E69 EXTRUSIONI _ _ _ _ SHEAR

COMPANY ORIENTATION SHEAR STR,
(KSI)

ALCOA TRANS 45.0
43.8
44.8

ALCOA 46.2
45.1

FAIRCHILD 46.1
44.5I 46.7

13



TABLE D9

7091-T7E69 EXTRUSION

BEARING

COMPANY ORIENT e/D ULT YIELD
BEARING BEARING
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
127.9 108.2
130.8 108.6
121.0 100.3

i
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TABLE 010

7091-T7E69 EXTRUSION

BEARING

COMPANY ORIENT e/D ULT YIELD
B. STR, B. STR,
(KSI) (KSI)

ALCOA LONG 2.0 154.6 119.7
154.6 121.4
156.8 125.0

ALCOA 163.2 118.2
162.6 124.2

FAIRCHILD 160.1 121.4
142.1 108.8
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 97.1
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
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TABLE D12

7091-T7E69 EXTRUSION

FRACTURE TOUGHNESS

COMPANY ORIENT KIN) K COMMENT
(KSII) (KSI IN)

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 26.9
27.3
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TABLE D13

FATIGUE RESULTS FOR 7091 EXTRUSIONS; R=0.,,Kt=].O

Stress Cycles Fail(l)
PSI No Fail(O)

450C0 1126780C 0
45000 12659400 0

4 13 35 4 0 C0 1
47000 6310Q 1
47nnn f,9511 1

47000 104,r250C 0
47009 12771P00 0

4PrCO 10153100 0
4QnP- 2154l0 I

4q00P 5243700 1

49"nn 7431700 1

50000 4749C0 1

52000 363310 1

53000 5959200 1

55000 18R30 0
55000 444"n ,

5500G 144600 1

57000 51810 1

57000 133 5 200 1

r, IP 460500 
6,000 32609 1
7f00 39209 1

70000 31200 1
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TABLE E2

7090 EXTRUSION; 1 " x 4 "

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
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TABLE El

SUGGESTED ALLOIIABLES FOR

7090-T7E71 Extrusions

1 v x 4-v"

Ft~ KSI

L 87.5
LI 83.1
S 82.3

Ftyp KSI

L 81.5
LI 75.1
S 70.0

FC9 KSI

L 80.4
LT 80.3

F uKSI

L 48.0
LI 46.5

F bru' KSI

L
(e/D=l.5) 126.0
(e/D=2.0) 157.7

LT
(e/D=l.5) 126.2
(e/D=2.0) 172.8

F bry , KSI

L
(e/D-1.5) 106.1
(e/D=2.0) 119.5

( LT1.)10. NOTE: These values were developed to be
(e/D=2.0) 125.9 used only in a cost-benefit-analysis and

(e/D=.0) 25.9are not necessarily accurate for design
KIC, KSLI4I of hardware.

L-T 19.3
T-L 13.5
S-L 10.3
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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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(99)
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Di.;,..,tSIONS: INCHES
(mm)i

THICKNESS 0.25

(6.4)

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.

~14
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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 UNINUM 7091
CONDIf JION: "17Fi '9
ENV F40irI.".N1 H. T , m1 IUMiDi'FY

DI-I I A K DA/)iN (10--*-6 IN. /CYCLE)

A B C D

R--+0. 10 R"+0. 33

A: 1.66 .0,51
DELTA K 0': 1. 31 • .:2

MIN C:
0:

1.60 : .0702
2.00 : .0787 133
2..50: 6/,0 .235
3. 00 : .30[) .400

3. 50 : .bI49 .6*3
4.00 : .075 1. 02
5.00 : 1.95 2. 20
6.O ' 3.50 4.13
7.00 • 3.83 7.00
0.00: 0.72 10.9
".0O0 •1I". 2 15. 8

10.00 " 16.4 21. 7
13.00 : 312.0 43. 9
16.00 51. 4 68. 3
20.00 00. 4

A: 21.38 : 90.7
DELTA K B: 16.97 : 75.7

MAX C:
D:
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CONDITION/HT: T7ESG ALUM.
FORM.1. 50 "TH EXTRUSION YIELD STRENGTH: 68.9 ALLOY

".,,"SPECIMEN TYPE: CT ULT STRENGTH: 78. 2 KSI

ORIENTATION: T-L SPECIMEN THK: 0. 245- 0. 252"
FREQUENCY: 25.00 HZ SPECIMEN WIDTH: 1. 998- 2. 008" 7091
ENVIRONMENT: R.T. , HI HUMIDITY REFERENCES:

AK (MPA Vr) AK (MPA v)
4 10 40 100 4 10 40 100

STRESS RATIO = . 1B 10°STRESS RATIO 9So3,

10- 10-
,63 1 0-1

110 10

0 
1 4

1 0
10 100

z Z 165
O7  10 z

i -6 10-s

108  
10

1 4 10 40 100 4 10 40 100

10 io1004 100

STRESS RATIO = 10 STRESS RATIO= 100
1-2 1_2 _ -

101

10 -- 10-3-

- 10 "1 
10 .1

3 -- __ _ __ _ _ _ _ _ _ 10
.3  -- __ 10

.3

10 -

-d -Ed

-- z 0"s  ____10
.5

_

10 107 - z

- -_10' 10- ,10 1166

-C7

10' 10-6

10~ 8 6  1i 16 . 1 0
01 4 10 40 100 1 4 10 40 10

AK (KSI in) AK (KSI v t i)

rilpire D4. Fitique Cri(k Crowth Rate fata for 70ql Fxtr'usions; ALCOA.
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TABLE D15

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE D3 INDICATING EFFECT
OF STRESS RATIO

Alcoa

MATERIAL.: ALUMINUM 7091
CONDITION: T7F69
ENVIRONML NT: R. T. , HI HUMIDITY

DEITA K : DA/DN (l0**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C

R=t-O. 10 RL-+0. 33 R---+O. 80

A: 1.57 • .0144
DELTA K B: 1. 15 .0:281

MIN C: 1. 00 00057
0:

1. 30 • .032?7 . 0312
1. 60 : 0174 0405 .0878
2.00 .0759 .0866 .179
2. 50 : 142 173 .53
3.00 .216 .331 .674
3. 50 • 3t0 . 581 1. 33

. 4.00 " 573 .955 2 76
,.00 : 1. 43 2. 17 13.8
6.00 " 3.04 4. 10
7.00: 5. 51 6. 74
0.00 - 6.64 9.94
9.00 12. 0 13. 5
10.00 - 14.9 17.0
13.00 - 25. 4

A: 11.96 : 18.0
DELTA K B: 14. 48 • 27. 5

MAX C: 5.04 • 1'. 6
D:
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CONDITION/HT: T7EOQ LUM
FORM: 1.50BTH EXTRUSION YIELD STRENGTH: 75.2 KSI LO

SPECIMEN TYPE: CT ULT. STRENGTH: 83. 9 KS!
ORIENTATION: L-T SPECIMEN THK: 0.249- 0.252"

-AFREQUENCY: 10.00- 25.0 HZ SPECIMEN WIDTH: 2.093- 2.545" 7091

&K (MPAV'/m &K (MPA v'm
4 10 40 100 4 10 40 100

m2 _ _ -21, 1 1 1 11 1 1 111t l t

STRESS RATIO= *0.10 100 STRESS RATIO= .33
102 102

-10* 10-1

10-2 -2

01 0  100-
E

0 10'

10 110

1d6

107 - 1

-106 1076

1 4 10 40 100 1 4 10 40 100

STRESS RATIO 0s 100 STRESS RATIO 10

102 102

10-1 10.1

*10-3 1010
10-2z

4 -4

10 10U

-010516
l0-4 10,4

-66 
106

1007

10 10OF

fI10 10.6

104 10 40 100 1 4 10 40 100
AK (KSI vrin) &K (KSI v~

riqure D3. Fatigue Crack rrowth Rate I)ata for 7091 Extrusions; ALCOA~.
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TABLE D14

FATIGUE RESULTS FOR 7091 EXTRUSIONS; R=O.IKt =3.0

.: Stress Cycles Fail(I)
PSI No Fail(0)

20000 12797300 0
240C0 10888100 0

-' 25000 13718700 0

2600C 1135400O 0
26000 11980200 1
26100 15038200 0
27000 9845600 1
27500 1001500 0
28000 38200 1
28000 'r8a0 1
280C0 208800 1
28300 4627100 1
28000 9904650 1
28500 46300 1
28500 11031350 0
29 O0 7r-.97_ 1
3000C 32600 1

4" 30003 83300 1
30000 2873,0 1
30000 39000 1
30000 103000 1
32000 34103 1
32000 36400 1
32000 4430D 1
35000 28250 1

b 35000 2730C 1
40000 12400 1

40000 14801 1

S.1

~143



TABLE E3

7090 EXTRUSION

TENSILE

COMPANY TEST TEMP ORIENT ULT YIELD ELONG
OF STR, STR, (%)

(KSI) (KSI)9

ROCKWELL RT TRANS 86.0 79.3 10.9
CA 85.7 77.5 9.6

86.0 78.7 10.3

ALCOA 86.4 78.6 7.9(h)
81.8 74.0 7.9(i)
85.7 77.9 7.9(i)

BOEING 85.8 78.4 12.0
85.6 77.6 5.7

ALCOA 86.9 78.9 12.0
89.4 82.4 8.6

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
87.2 75.6 6.3
88.5 77.1 6.3
82.3 76.4 1.6*

B

(h) Fragmented fracture
(i) failed outside middle half of gage length

* eliminated from analysis
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TABLE E4

7090 EXTRUSION

COMPRESSION

COMPANY ORIENTATION COMP
YIELD STR

(KSI)

ROCKWELL LONG 83.9
CA 85.2

82.5

ALCOA 84.9
79.9
83.3

BOEING 84.7
85.9

ALCOA 86.7
89.8

ROCKWELL TRANS 85.0
86.1
85.6

ALCOA 84.5
80.3
82.6

ALCOA 84.9
89.3

V.15
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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

.4 49.9

ALCOA 49.2
46.5
48.3

ALCOA 48.7
49.9
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-. TABLE E6

7090 EXTRUSION

BEARING

COMPANY ORIENT e/D BEARING BEARING
ULT(KSI) YIELD (KSI)

.2ALCOA LONG 1.5 131.6 113.4
126.0 106.1
130.5 110.7

ALCOA 135.5 118.4
136.8 121.6

ROCKWELL TRANS 127.0 105.9
CA 128.4 108.3

126.2 104.9
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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
157.7 122.6
166.0 130.6

ALCOA 163.1 133.3
162.7 128.8
169.5 139.2
167.9 1-,2.5

ROCKWELL TRANS 2.0 173.4 126.0
172.8 125.9
174.3 127.3
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i
TABLE E8

7090 EXTRUSION

FRACTURE TOUGHNESS (KIc)

COMPANY ORIENTATION KIC K Comments

KSII- KSI1T

ROCKWELL L-T 30.2 Crack deviation
from notch

29.8 Crack deviation
from notch

ALCOA 22.2 VALID
28.1 VALID
25.1 VALID

ALCOA 22.0

19.3

VOUGHT 16.4 INVALID
18.9 INVALID

COEING 19.6 VALID

ROCKWELL 19.5 VALID
19.8 VALID

ALCOA 14.9 INVALID

19.4 VALID
17.6 VALID

ALCOA 16.0
13.5

U ALCOA S-L 14.0 INVALID
19.2 VALID

16.1 INVALID

ALCOA 12.3

10.3

163

l-i



-4 4- -

L)Lfa:L (S)(S(S
*~-4o CD

-Lrl 0

p4-3

a:4-4

CD

4444-)

4 4 QU

I - C

s s 5

140



TABLE E9

FATIGUE RESULTS FOR 7090 EXTRUSIONS; R=O.1, kt=l.0

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

4nOr9 13750301 0
420CO 11003503
4 30C 14893%o0 0
44C00 10 52 60 r 0

450C0 1071850C 0
4![0 011117001 0
4b500 15044400 0
45000 11336300 3
45000 225500 1
47000 60065 1! 1
480C0 66950 1
4 9 f , n 7578700 1
50006 30600 1
5000C 70800 151500 10300000 0

530C.C 29I 0I
53C00 114100 1
53f ,, 4470 T 0 1

550C0 1105600 i
55800 I0000000 0
57000 2355600 1
C57;8 r 5.€f, 19 A 0 1

59000 762200 1
6no30C 37310 1
60130 3400000 1
61000 697700 1
64400 357830 1
6657, 33*940 1
68700 11431 1
7 r, 0 C .. 2n?_On

70000 36000 1
70000 14600 1
7300 7735 1
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TABLE E1O

FATIGUE RESULTS FOR 7090 EXTRUSIONS; R=O.1, Kt=2.5

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

17500 10000CO I
17500 1COODoOD n
20000 4200125 1
21000 49012 0
23100 25000 1
23100 24000 I

26200 72400 1
262C,0 51500 1
33200 14703 1
332C0 1428 D
3840C 5400 1
41000 3690 1
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TABLE Eli

FATIGUE RESULTS FOR 7090 EXTRUSIONS; R=0.1, Kt=3.0

Stress Cvclcs Fail(I)

PSI No Fail(O)

20000 11021400 0
22000 13071100 0
25000 25500 1
2r000 131R37.n 9
26000 10927000 0
26003 13228653 C
26000 14996800 0
27500 13173700 C
28000 102000 1
28000 P473200 1
28000 15412150 0
28500 176194 0o 0
28505 12543100 0
30000 2628'30 1
30000 263200 1
3f.000 5114100 1
30000 251900 1
3000 542903 1
32000 50700 1
3 000 753P0 1
32000 100oo0 1
32000 2114,0 1
34000 36100 1
35000 48803 1
35000 29500 1
40000 15850
40000 17790
41000 7701 ]
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CONDITION/HT: T7E71 I ALUM. ]
FORM: 1.50"TH EXTRUSION YIELD STRENGTH: 82.6- 83.0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 88. 5- 89. 6 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 245- 0. 497"
FREQUENCY: 20. 00- 75. 00 HZ SPECIMEN WIDTH: 1. 957- 2. 500" 7090
ENVIRONMENT: R.T.,HI HUMIDITY REFERENCES:

&K (MPA /Fm) AK (MPA V/'F)
4 10 40 100 4 10 40 100

STRESS RATIO -1-0. 10 00-STRESS RATIO 0. 33
-O2 lO_______ _________-2 _____

1000 "
__ __ __ 10

010-1 10 1

0-2 -
16 10 2 _ F

10 102

10
.

-4 
10 .

>10 10 - U
'U 11oE

s10 3 o- 3

10.5 5110 10-  --

10 -6 
10 6

1068 1 I IIi 1 14_iI 106 1 1 1~~l i llI, -

4 10 40 100 4 10 40 100

--- ' I'I'I I I'I'I' 1 i
STRESS RATIO = +0. 80 10° @ STRESS RATIO = 100

102 
02

110
-

10 2  102

(.) . -4' -.

~ 010- _ _ _ _ -o
S0 3  '"73

10 3 E-2-10 105-
4t .40

4  0 4 "

11

101 13 E-- Iz 5 Z10 .5

S100 1 o-

10010 11

f K (KSI y'T) A K (KSI .jT )

Fiqure F4. ratique Crack Growth Rate Data for 7090 Extrusions; Alcoa & 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

11ATF R ( Al A[I M NM 7(, 9

-ONr)PIlT rION: 17F/I
ENVIPONMENT. R.T. HI HUMIDTY

DI.I. 1A K DAMJN (10v.*-6 JN. /('YCI.E)
(KSI*IN**1/2)

A D

R- 10 .10 R; +0. 43 R -1.-O. HO

A 1. 20 0:4;
.-.A K i 1. t1 i

Mli i I. 0 00'

t 30 0507 0:1,5 050-
1 60 0661 07"7 ()0-'
2! CO l.L6 106
: bO' . ,,i I 6:3

:3. 00 "1-)93 1,4
J. 50 416 561, ' ,1I
,1 00 " ,1 90"

5, 02 56
6. ,12 7 5 51
/ 00 to. I
i. 00 10 7 16 0

,) 0 I ) 29. 2. 6

10 C . 3( 3 2 '1. ,0

c\ 14 33 : I
, I ) I l 1 7 1 I I
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CONDITION/HT: T7E71 F ALM.
*_ FORM: 1.50"TH EXTRUSION YIELD STRENGTH: 84. 3 KSI ALLOY

SPECIMEN TYPE: CT ULT. STRENGTH: 89. 9 KSI
ORIENTATION: L-T SPECIMEN THK:
FREQUENCY: 10. 00- 30. 00 HZ SPECIMEN WIDTH: 7090
ENVIRONMENT: R.T. o LAB AIR REFERENCES:

&K (MPA VNm) AK (MPA VmA)
4 10 40 100 4 10 40 100

STRESS RATIO = + 0. 10 0  STRESS RATIO =
1-2 10-2 _ _

S10- 
1  10 -1

10.3 -1 3

1- 0 - -_ 10 2  o 1 .

-2 - 2- -

10 4  
04

--.- 10.3  _ 0 10.3

Z 1 5 - -10 -5 --- Zz
• . -4 -4 1 _ _ _ _ _1 0 

-4 
"__ _

10 o . - 10 _ -5£7 1 OF E

10o 
-- 166 - -

1 .6  
6

10 1010

© -''",STRESS RATIO ;0 ' '" Oo''"STRESS RATIO ;'''"" 10 o16 Z~ 16

10.6 10
-.... jJJ.~.J...I

--0- 10"L'L.LLI.. 10 4.10 40 1 0 -

10-3 4 14 0 3  --

210
-  10-2

4 104 104
1 1.  10.3

.. 10 10"3
i-' - 0 4 _ 10.4 "

t,100- 10 -

1 -- 10-6

105 U5

1-F 10F

10-6 10.6

1 4 10 40 100 1 4 10 40 100

AK (KSI vT) AK (KSI VIM)

* Figure E5. Fatigue Crack Growth Rate Data for 7090 Extrusionsz 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

Boeing

MA"F.f7TAL A M I] NUM 7090
CONDIT)ON: 171-.71
ENVIRONMENT P T. ,.AD Ai.P

1)1. IA 14 DA/ DN (O -+IN. /CY'CLL)

A 1

-" ( I(51 K- N .0., O

DEL. h AV,

-R /.. -0.r(.(

.. ,DE|. l, v, I)

;: 1.. O0 ,.! ',

13. 00 .P
V31. 00 0E3

2500 AiiOR
Po. QO0 13. 5

*~ t~LA K W:

'17
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CONDITION/HT: T7E71 ALUM.~T
FORM: 1. 50"TH EXTRUSION YIELD STRENGTH: 78.86- 78.5 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 84.65- 85. 9 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 245- 0. 498,"
FREQUENCY: 10. 00- 25. 00 HZ SPECIMEN WIDTH: 1. 968- 2. 002" 7090
ENVIRONMENT: R. T. *HI HUMIDITY REFERENCES:

A&K (MPA V/-) &K (MPA ~~
4 10 40 100 4 10 40 100

=00
STRESS RATIO = O 080 STRESS RATIO +0. 3

106
10-1 101

-'~0- 
1l0-102 5

10 10 3 E

10* -01

110

10F

66 10 _

-I I I0

4 100 40 104 10 4 -0

16 Z 10 2

10- -0-

1a Z 10F

1O0- 10-

10 10- 10...L3L -E0~.......±j~

10 46050 0 1414 0
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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 RATIO

Alcoa and Rockwell

C FIND) I ION: T /I./

ENvIlnNIrII : I , i 1U1'04U, 'M 1)

-rDI tI V DA/II N (. ) --., 1,! ,( (; Lt-

""R-..40. tO R- O~ .flr

" !WAL A I t { J 7: 0J6()
!. . i N ("

I)"

I *']' 4O0 /148

",l. !4 t;' se:., < '
'

3' 05''
'i. nO. I ()7 1 2.3

,, L)n -)._: 6 .

: '* .0 I/ j 1

' .( ;',. 2 60 3

r* ,"'I".'

I)"

0 0
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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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3.9 -0

(99)
6+

'Z'O.OO 15 R.-(0.127) 0 cJ

/t

_0_ _ _ _ _ _NOTCH DETAILS\ /

DIM0;JSIONS: INCHES

THICKNESS 0.25
(6.4)

Fiqure E7. Specimen Used to Generate Data in Figures 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 according 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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TABLE F1

SUGGESTED ALLOWABLES FOR

IN-9021 Extrusions; 5/8" x 2-1/2"

Ftu, KSI

L 88.3
LT 86.2

F t ,KSI
L 83.1
LT 74.2

F ,KSI
L 60.1
LT 78.3

KSI
L 47.2
LT 47.4

Fbru L KSI

(e/D=l.5) 118.2
(e/D=2.0) 145.2
LT
(e/D=1.5) 114.2
(e/D=2.0) 149.3

Fby KSI
L
(e/D=1.5) 99.2
(e/D=2.0) 117.8
LT
(e/D=l .5) 99.6

(e/D=2.0) 120.9 NOTE: These values were developed to be

KIC, KSIV1TN used only in a cost-benefit-analysis and
25.2 are not necessarily accurate for design

LT 28.0 of hardware.
TL
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TABLE F13

FATIGUE RESULTS FOR IN9021 EXTRUSIONS: R = 0.1, Kt = 1.0

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

r- 1 ]71 c7t) P
3 , r; D L 47,: r! C

7 P 4 4C 924 0 1

v 'r. - " 7 "]

c;r 'i 7 . q

7 r' 'r ,g ,

41-1

4 ~ 9'
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TABLE F12

IN-9021 EXTRUSION

FRACTURE TOUGHNESS

COMPANY ORIENTATION KIC KQ COMMENT
(KSIII TN (KSIII NT

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, artificially aged

(y) T6Y solution treated, quenched artificially aged
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TABLE Fll

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
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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
SBSTR 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

lip
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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 ill

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 aqed

(y) Solution treated, quenched artificially aged
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TABLE F7

IN-9021 EXTRUSION

SHEAR

CMAYORIENTATION ULT
SHEAR STR

LOCKHEED TRANS 48.0*
CA 47.7*

47.4*

BOEING (x) 44.6
43.8

FAIRCHILD 48.2
49.7
53.6

*Double Shear Tests

(x) Solution treated, quenched, stretched 4%, artificially aged

.
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TABLE F6

IN-9021 EXTRUSION

SHEAR

COMPANY ORIENTATION ULT
SHEAR STR

LOCKHEED LONG 49.1*
CA 49.0*

48.5*
BOEING 43.8

44.6

FAIRCHILD 48.4
47.7
47.2
48.4
48.6
49.9

* Double Shear Tests

(x) Solution treated, quenched, stretched 4%, artificially aged

18



TABLE F5

'-" IN-9021 EXTRUSION

COMPRESS ION

COMPANY ORIENTATION COMP YIELD
STR (KSI)

LOCKHEED TRANS 83.2 ROUND
84.6 ROUND
78.3 ROUND

BOEING (x) 83.1
84.5

(x) Solution treated, quenched, stretched 4%, artificially aged

.18
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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) 84.7
84.5

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' 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 11 0(d)87.3 74.9 8.0 ( 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

V

A,
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TABLE F2

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

TENSILE

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

, 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 9.3(b )
88.3 83.3 9.3(b 'c)
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 11.1
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 8.4
90.1 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
a (y) T6Y: solution treated, quenched, artificially aged

(b) Internal discontinuity
(c) Fragmented fracture

185
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TABLE F14

FATIGUE RESULTS FOR IN9021 EXTRUSIONS: R = 0.l, K = 2.7

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

2250 C 100000c C.

2' C U7 21rnA

2" M 1841 76 1
2v nr 261 '1, 1
P Mf 241 7 70
?75LU 63111 1
74 r 1

275 860 L ,
275 0 U t, C ̂  1

C b 55A7, 1
' 10 22Cr0 .

S21500 1
0 4 ? rC0 1

3100 ' 70C .1
326 5' r C0) 1
32 .nCr 2P27' I

. 0 1€-1 11 I
• I325r0 260').'2 1

350 C0 4 0; 1

In
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TABLE F15

FATIGUE DATA FOR IN-902l EXTRUSIONS: R=0.1, Ktz3.O

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
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GUNDITIOC. /I i. A LU.
FORM. 0. tiO- 0. 63"TH EXTRUS)ION YIELD SrIRENGTH: 83.9 q 3.4 Kc;JHO
SPECIMEN I YPE: C1 ULT. S'RENOTH1: 89.1-- 91.0~
ORIrW Ur1TION: L-T SPECIMEN THK- 0. 1 1?V . ',)00"
~FR-QLENCY: 11. 00-- 125. 00 Hz SPECIMEN, WIDTH: 1. 497-- 200 IN02
ENVIRONM~rlII: R. T..*HI HUMIDITY REFERENCES:

A&K (MPA 'V/Mi) AK (MPA %1'-n-

4 10 40 100 4 10 40 100

STRE~SS RATIO - 0. 10 loSTRESS RATIO -#-0.j 33

101.1 I- I oF

101 0
4 >

>. .4 0 -

10- 10 6

71 7

*1 
.6Pi 10L 11____ 10'6_ _

10 1010'9

1 4 10 40 101 4 10 40 100
----~ Ii11 F''Ff 0- I I I'T_ I'' r 1 1rr1l

STRESS RATIO -,-0.s 10 @ STRESS RATIO 11

10c--- 10 -2__

10.11

10*-- __..- 10 100.

11 4

-_10__ 100

10_ _ 10----
.4 "0

-6-6
_____- 1 -100

7.7
LLULL - ~ 10 L-________ _______L___

4 10 40 100 1 4 10 40 100
AK (KS? N/7h 61' (KS1 Vrin)

Figure F4.Fatigue Crack Growth Rate Data for IN9021 Extrusions; Alcoa, Lockheed-CA, Northrop
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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

f'iAtEI AI• ALUMINUM i NMO"1

iU4VIFION11i.NI: H T. ,Ii IIT I) I"Y

L'Li," IA •D/IN (I0**-6 IN. /CYCLL)
(H.,;1* i Nwi 1/2)

.A C :

C'. *0. 10 4ir.-0. 3,)1 R-+0. 1.0

A: . 7& 0;!20
KFLIA 2 2: 0 30 0144

111 N 2" , ', . 161I

I):

0716.1 ,10 •3 40 6:l 00 • 0(4 . 13!

A 4.210;' '-0, . 1; .t 0
J .3 . 3 2 1

SS-4 7 ,70;i C50 1 Q. 6!6)."'"

IT 00 "/ 3. "I,
., C ." 2. ,.
7 2 '2 ... :-'. ( -"

;0 C (f. Y

30 C,

J. ' •.344 4. .
K 4.01
C. *:35. 4 : ,
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CONDITION/HT:
FORM: 0. 80"TH EXTRUSION YIELD STRENGTH: 81. 5 KSI ALLOY
SPECIMEN TYPE: OTH ULT. STRENGTH: 92. 5 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 800"
FREQUENCY: 25.00 HZ SPECIMEN WIDTH: I. 00" ING021
ENVIRONMENT: R.T. o LAB AIR REFERENCES:

A K (MPA V&) AK (MPA v)
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figure F5.Fatigue Crack Growth Rate Data for IN9021 Extrusions; Boeing

5 204



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:
ENVIRONMENT: R.T. .LAB AIR

---------------- ------A-K ------- ----------------- -------- *--------------------------

(KSI*IN**1/2)
A B C D

R=+0. 10

A: 6.20 :1.87
*DELTA K B:

MIN C:

7.00 :3.21
8.00 :4.9
9.00 :6.73
10.00 03.46

A: 12.64 : 14.2
DELTA K B:

MAX C:
D:
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CONDITION/HT.ALM
FORM: 11. 'i3-- 0. 63"TH EXTRUSION YIELD STHENGTH: 74. 9- 77. 9 KSI ALLOY

SPECIMEN TYI'[: CT ULT. STRENGTH: 86. 8-- E'17. ? KSI [___
ORIEN1ATION: I-L. SPECIMEN 1 HK: 0. 124-- 0. 2 1"

-REQUENCY: 5. 00-- 25. 00 HZ SPECIMEN WIDTH: I.P99- 2. 0071"

ENVIHIONMLNT: R.T.. HI HUMIDITY REFERENCES:

AK (MPA \/m) AK (MPA V/-)

4 10 40 100 4 10 40 100

® ,--F " rF - F-'rl -'.
STRESS RATIO = -0. 10 - 100 STRESS RATIO = 0-. :3,,0-2 --- _-2

110 
10 1

1m.- 10 .3

10-- 1 0&
- 102 16 402,
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0 110-
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-10F0
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iqure F6. Fatigue 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

il, IFRIAL.; ALUMINUM IINC/MJ

CNDI' ION:
IU,tP Il '.li'F.Nl : R. T. 1, !U-11 I.Ul D ITY

i)L:i. T K :D0\I)N (IO**-6 IN. /CYCLE).
K S) 1 -1 1Na itI/ P

A , C

S f"..:0) J0 R .-,O. 33

A: 1. 17 :
DE:.TA K R: 1. 25" 0320

MfN C:
D:

1. 30 : 0:3.2 036 -15
1 60 : .O/ 00705
:2 0', : .I 31 1 ,4

.245 .24/
3. C :2 . 406

,5:.. 7 : .';: . 2
• Cur, . 81-, , . '-2

1' : "14 1 9o
4., 0) :2. 26 =.
/. '0 ~ 3 3) 2. 6.4

', ", : 6 1')
"0 C..:) "
1.3 (). ).

.: ). ";.
S'~j N":, *" r 5
i O. '30 ; )-

1 7.

I'll .x C .
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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 spectr '" 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.

208* . .-. ', ,* - - "o . *. - - -. ,- ., % -, * . . , . .- - - -.- . . -. -.-. . - • .- -.-.- . . " . - . ..



STRESS CORROSION RESULTS FROM ALCOA

-,U-9021 Exvtrusion

"±he S-CC icesistance ofthe Novaniot p.zoduced :IN-9 021 i-7.-s not
dz-tcrmiiied. Ihecausa- of tho ml size of the ex ,trxlded shape,
sI,_r t-trcinsvcrse, spo, cinc--n of a sitisfactury size -0znd type could
not be obtained.

The exfoliation resistance of the 1IN-9021 extrusion was
detcermined by cxpo.7iri a (uplicate set o~f thlree -machined panels
to the 1-USTIMAASIS test.. The panel. specimens of each set wo~re
rcrn,,ovecj from the exty_:us;JOll 4.n -;,Lch a way tlhat thce III-chined
surface of ono paym;l -was If r -i i , h,- "near surface" o.,f- the r!-Jrus..Qn
vLJO.C that C.Z thoe SC.Cund Ena'd Lhbi.r,-3 p;;niels we~from the- T/10 zind

d. ~hus o tile ext.Y.U :xion, reTspfoc.v., 3. ioucjh xj~ i

5i(iiU t(:t chamber, onec c;#t of pan. ls was tes:tcd clh a (Iiffcr,3nt
timf' than Lhe- other. A visual exom j-) -t ion after 3 doys, 7 days,
;!" final.ly 2 wee:ks of e:coosure revealed t1hat the perfc?mwine;

1_-tisets of pancals was ,Ainilar. I.n no case was there any
v'videnrce of exfoliation corrosion. flaric~omrly scattered pi -_tJInq
%j~s ob.z_,erve1 on the "near surface," T/3.0 and T/2 i-machincd planc-s-

I)1)t sets of panels. Up~on complcition of the two-wee ok
cxpsurce, t:he panol~s r-aldthaEt the pits ranged in size f,:om
minute (pinpo .I-it sizc) to as largze as '1.8 ~W~(3/16") in diametcer.

Thr ssa preporzlc! :ance of the-- l.arge s.*i.z pits Lor-j the "near
!-;urf~ice-" and T/2 pLcne panels. A survey2, of the pit deOpth with aL
S, aryctL Pit Depth Gag2of Fevcerail c,< the! larger pits indicated
th-i*C th(! depthis r,.nue(d f1rom 0.15 mm (0.006") to 1.31 mra (0.045").
lii'Lii the T/2 plane paneljs cont~ainingj mro pJ!. .s near the dtee!p end

othe range than thci "near ourf-ace" or T/10 pJlarie I-pAnels.
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TABLE F20

Results from Lockheed-CA

SPECTRUM FATIGUE OF RIVETED JOINTS

Flight-by-flight spectrum fatigue tests were conducted on a 1 -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 1-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

X7091-T7E69 B2 19,941
Plate B3 29,203

X7091-T7E69 C2 80,011 37,400

Extrusion C3 17,507

IN9021 D2 17,321

Extrusion D3 96,055 40,800

7075-T6 F1 50,788 39,000
Sheet F3 29,991

A comparison of the geometric mean of flights to failure shows an
equivalent performance for the X7091-T7E69 and IN9021 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 examination, 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 G9

FATIGUE RESULTS FOR 7091 PLATES: R=0.1, Ktl.O

ST~kS CYCLES FAIL(1)
NO FAIL(O)

4 1~

4C1

4 :C 1773.

4 41
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TABLE G8

7091-T7E69 PLATES

FRACTURE TOUGHNESS, KIc

COMPANY ORIENTATION KC KQ COMMENT

(KSI vIV) (KSI vIN)

GENERAL DYNAMICS L-T 51.1 Insufficient thickness

52.0 It

ALCOA 141.1 invalid

<140.0 invalid Grip-end failure

GENERAL DYNA4ICS T-L 36.2 Insufficient thickness and
PiAX/PQ exceeds 1.1

35.3 " "
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TABLE G7

7091-T7E69 PLATES

BEARING

COMPANY ORIENTATION e/D BEARING BEARING
ULT STR YLD STR
(KSI) (KSI)

ALCOA LONG 1.5 126.7 110.9

127.8 108.5

124.4 106.7

ALCOA 2.0 163.7 122.0

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 ORIENTATION 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)

j ROCKWELL TRANS 85.8

85.5

86.4

ALCOA 85.0

:1: 82.6

83.4

i

-4q

,%

,-

I-
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TABLE G4

7091-T7E69 PLATES

COMPRESSION

COMPANY ORIENTATION COMP
YIELD STR
(KSI)

ROCKWELL LONG 78.9

80.9

81.9

ALCOA 77.8

74.1

75.4

'..2Ii
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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
DYNAMICS 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 9.0
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

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

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

* Eliminated from analysis

2
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TABLE G2

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

TENSILE

COMPANY TEST ORIENTATION ULT YIELD ELONG
]EMP STR STR (%)
( F) (KSI) (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

AFWAL 82.7 75.9 11.0
82.9 76.3 11.0
82.4 76.2 11.2

ALCOA 78.8 74.5 13.0
77.3 71.7 11.0
78.5 72.8 12.0

NORTHROP 79.2 74.4 10.0 Flat
79.5 74.2 9.0
77.6 72.6 10.0
82.1 75.5 9.0
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 "

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
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TABLE Stl

SUGGESTED ALLOWABLES FOR

Ft~,KSI7091-T7E69 PLATES; 1/4(.4)'xl6"

L 78.5

LT 79.1

Ft KSI

L 73.3

LT 72.7

F ,KSI
cy

L 74.1

LT 82.6

F ,KSI
su

L 48.5

*LT 48.7

F buKS I A T

L

(e/D=1.5) 124.4

(e/D=2.0) 154.7

LT

(e/D=1.5) 130.3

(e/D=2.0) 163.3

F by KSI f~I
L

(eID=1.5) 106.7

(e/D=2.0) 119.8 NOTE: These values were developed to be
* used only in a cost-benefit-analysis and

are not necessarily accurate for design
LT of hardware.
(e/D=l.5) 110.9

V(e/D=2.0) 127.9
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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 Alumium Alloys & Ter-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 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 -10 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-T6EI89 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-T851 Extrusion 9,100 2024-T851 7,100
2024-T851 8,500 IN9021-T851 Extrusion 3,400

*All material is plate except where noted. Round Robin materials are underlined.

Remaining materials are from Contracts N00019-80-C-0427, N00019-81-C-0550, and
N00019-82-C-0425 and Northrop IR&D. Round Robin specimens differed as noted in
the text.

**All 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 :garithmically averaged. All
data is rounded to the nearest 100 hours.
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TABLE F21

Results From NORTHROP

Spectrum Fatigue Data for 7091-T7E69 Plate
and IN9021-T851 Extrusion Relative to Data
for 7075-T735;, 7075-T651 and 2324-T39

, 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 ksi 15 ksi

Material

7091-T7E69 Plate
Specimen Specimen
P-IE-2 19,668 - P-lE-1 14,882
P3 17,635 - P4 16,867

Log Averaged 18,624 15,843

IN9021-T851 Extrusion
Specimen Specimen
6C-16 9,145 - 6A-12 3,282
6C-18 - 22,640 6B-14 3,611 -

6D-17 - 33,297

Log Averaged 3,443

7075-T7351 Plate*
12,900 - 10,700

7075-T651 Plate*
10,800 27,300 8,900 25,300

2324-T39 Plate*
17,800 53,700 14,400 42,900

*Data from the final report "Investigation of Fatigue 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 G10

FATIGUE RESULTS FOR 7091 PLATES: R=0.1, Kt=3.O

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

2OC~

4' -r' c 7

2 0 0 63 C
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CONDITION/NT: T7059 ALUM.
FORM: 0. 40"TH PLATE YIELD STRENGTH: 73. 0- 79. 3 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 78. 2- 85. 1 KS!
ORIENTATION: L-T SPECIMEN THK: &.124- 0.252"
FREQUENCY: 2.00- 25.00 HZ SPECIMEN WIDTHi 1.999- 2.004" 79
ENVIRONMENT: R. T. *HI HUMIDITY REFERENCES:

&K (MPA ~/)AK (MPAv'T
4 10 40 100 4 10 40 100

STRESS RATIO -i-+0.10 10STRESS RATI~.0.3

10.1 10.1
-11

-2 2
* 10 10 10

10 10-
S z 10, o10-3 E

Ez
.105 10 5 z

107
Z10

1610
m1075 10.6

106 10-6

107 111 1 FZ

1 0 0 10 10 40 10

Wl -

10- 2
100

4 -4

C '3 10-10

10 10
z 1

107

10 4 1040 10 1061 LLL.1....L~.L

10 4I..LI 10.. 40.. 100I 1 4 10 40 100
A K (K SI v/ Mh AK (KSI .T

mlFigure Gi3. Fatigue Crack Growth Rate Data for 7091 Plates; ALCOA and Northrop
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TABLE Gli

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE G3 INDICATING EFFECT
OF STRESS RATIO

ALCOA and Northrop

MATERIAL: ALUMINUM 7091
CONDITION: T7E69
ENVIRONMENT: R.T. ,HI HUMIDITY

DL..TA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN* If/2) :

: A B. C D

: R=+O. 10 R=+O. 33

A: 1.64 .021
DEL.TA K B: 1.63 .017

MIN C: 1
D:

2. 00 : .0Z35 .0324

2..50: .104 .133
3. 00 : . 24 5 . 351
3. 50 : .481 .721
4.00 : .834 1.26
5. 00 1. 9 2. 86
6.00 : 3.64I 5. 20
7.00 : 5. 9 8.34
(. 00 : . 73 12. 4
9. (0 : 12. 0 17. 6

10. 00 : 15. 7 24. 3
13.00 : 23. 1 56. 7
16. 0 : 41. 5 121.
20. 00 53. 7

77. 4

30. 00 : 92, 1
35.00 103.

A: 37. &7 108,
DELTA K D: 18 22 : 209.

MAX C:
D:

229

. . .. , . . .. . . .... .... . ,, . .. -.. . -,-; ',,- -,'-,: "?



CONDITION/HT: T7E69 LUM.
FORM: O.4O"TH PLATE YIELDSTRENGTH: 76.2 KSI ALLOY
SPECIMEN TYPE: WOL ULT. STRENGTH: 82.9 KSI
ORIENTATION- L-T SPECIMEN THK: 0.386- 0.391
STRESS RATIO: +0.10 SPECIMEN WIDTH: 2.560- 2.597" 7091
FREQUENCY: 1.00- 9.00 HZ REFERENCES:

AK (MPA vrm) &K (MPA V/m)
4 10 40 100 4" 10 40 100

ENVIRONMENT: R. 100 % EN NIH1MT: IR. T..
HI HUMIDITY LAB AIR

l-2 10.______ ________ 2
-10 - 1001

1 .3 010-3

' - 12
I10. 10.4

c 10-3 _ 10.3 E

z Z 1

10-7 -5 107 - Z

16 1166

0 010 10 -

-. 10 - 10-

1 oF6  10-6

10O8 1 8 1 Jj 1,JJ
1 4 10 40 100 4 10 40 100

ENVIRONMENT: 100 ENVIRONMENT: 100

10 - 01 _ . 1 -

1001 10-
'. "p. -- 0.2  ._102

1:F3  -oF3

1 - 1010-

4.+ 4O - _ 1 .  - 1 .
1 6  1

.C 10'3 -3 E -1
° ' -

010

z 165

-- .- -- 10. 1
lO-l - 1. I l

V17 16 106

100

10 4-0 4 0 14 1 4 0

1 & (S T)&K(S1v

-7 7,

, Figure G4.Fatigue Crack Growth Rate Data for 7091 Plates; General Dynamics
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TABLE G12

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

DATA ASSOCIATED WITH FIGURE G4 INDICATING EFFECT
OF ENVIRONMENT

GENERAL DYNAMICS

?'ATERIftL: ALUMINMUI 7-91
CCrITI ON: T7E69

37LTA K OA/rJt. (10*-6 P!*/CYCLE)
(VSI*TN**1/2)

A B c 0

F= R.T. E= R.T.
:HI1 UMI:)!TV LAB AIR

A: 4*52 : .545
DELTA K 8: 3.03 : .1 29

MIN c:

3s50 940
4 .C0 e 929

6.00 : 2.51 6.67
7.", : c3
pooo : 5r
9aVC : 92

1 ̂ .Cc : 9.20
1!.00 : 17.7

A: 13.94 : 21.6
DELTA X P: 6.90 : 15.4

-1A X c:
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CONDITION/NT: T7E59ALM
FORM: 0. 40"TH PLATE YIELD STRENGTH: 78. 2 KSIALY

SPECIMEN TYPE: WOL ULT. STRENGTH: 82. 9 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 390"

STRESS RATIO: *0. 30 SPECIMEN WIDTH: 2. 549" 7091
FREQUENCY: 1. 00 HZ REFERENCES:

AK (MPA &~~ K (MPA V/mW)

4 10 40 100 4' 10 40 100
IM I. T-TI I0I

ENVIRONMENT: R.1 Ii1 100 ENV1 I ONM T:
SUMP TANK WTR

10.1 10-1

ao3  1 io3

02 10-2_

_ _ _ _ 3 10, Emob 1 10 E

10:~o 10 5 z

oF4 1OF o

__ __10_ - i- 5  
6-10

10P 1__ ___6_ ___10-6_

1 4 4  10 4 00@4 10 460

ENVIRONMENT: 10ENVIRONMENT: 100

102 Z 102

10.1 10-1

1 O - 10 -2 .02 _

0)10

10. -35
~1 E0*

z~

la 1 05 -

10.6 10,

1 4 10 40 100 1 4 10 40 100
AK (1(51 &/T K (KSI h

Figure G5.Fatigue Crack Growth Rate Data for 7091 Plates.; General Dynamics
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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

------------------------------W;---------------------------------

MATERIAL: ALUMINUM 7091
CONDITION: T7E69

DFLTA K . DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN**1/2)

: A B C D

S E. R. r.
SUMP TANK WTR

A: 4.01 .694
DELTA K B:
MIN C:

D:

5.00 : 5.62
6.00 : 9.81
7.00 : 16.9
8. -01 26.3
9.00 : 35.5
10.00 : 43.6
13.00 : 61.3
16.00 : 73.7

A: 18.85 : 86.0
DELTA K B:

MAX C:
D:
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CONDITION/HT: T7E69 ALUM.
FORM: 0.40"TH PLATE YIELDSTRENGTH: 76.5- 81.6 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 82.0- 67.2 KSI
ORIENTATION: T-L SPECIMEN THK: 0.124- 0.251"
FREQUENCY: 2.00- 25.00 HZ SPECIMEN WIDTH: 1.998- 2.005" 7091
ENVIRONMENT: R .T.. HI HUMIDITY REFERENCES:

AK (MPA Nrm*) &K (MPA -%/-m)
4 10 40 100 4 10 40 100

STRESS RATIO= +0.10o10 STRESS RATIO = +0. 33
162 16_______ _________ 2 _ _______

100- 10

16,_ __ _ __ _ _ - 163

10~-2 102Z

0 16' 104 -lo

~~~1 10E1

16 10 10
4V

10O

16 06 1 0

105 17

STES RAI 100F, RSSAIO 0

107 -0 10

1 62 0. 162-2_

10F0

_ _ _1_- 10_ 02

z _ _ _z

10, z 10*3 E

6 _ _ _ _ _ _ -107

10 4

166 16

1075 1OF

1~1 46 10 40 101 4004 0

A&K (KSI %/in) AK (KSI %rin)

Figure G6. Fatigue 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 RATIO

ALCOA and NORTHROP

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
MATERIAL: ALU7PUm 7u91
CONDITION: T7E 9
FNVIRON rEIJT: FTssi I 'F( I ITY

0-DLTA K : CA/DN (10*-6 IN.J,/CYCLE)
(rSIkIN**1I2) :

A C D

P,=*01 P=+C,33

A: e.0 : ,007
DELTA 5 B: 2,1 l, : 010

M.IN C: ,
D:

30c: : .C5q 4,I.
: o" 10 , 7 ,474

e 4' * .;.1

4,CO : ,373 ,9 1 1
r. . o : 1019 P.,2
6.% : 2.,9 4.25
7•.c : ,6*9,6
f, ,F 64 1 1*2
9 ." *,14 14,3

o, : 11.6 9,2
1 , 3 2 C',.X 34 r ,2

lb.03 " 31.1 71.3
2 ,- : 51.1 12- .
2cCC : 90,2 274o
3 : . : 153.
35.C : 2549

A: 5{,r : 4

DFI. TA S3: 26,72 : 5.a
"AX 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.
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TABLE G15
Spectrum Fatigue Data for 7091-T7E69 Plate
and IN9021-T851 Extrusion Relative to Data
for 7075-T7351, 7075-T651 and 2324-T39

Results From Northrop
SIMULATED FLIGHT HOURS FOR CRACK GROWTH FROM 6 m 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 ksi 15 ksi

Material

7091-T7E69 Plate
Specimen Specimen
P-1E-2 19,668 -P-1E-1 14,882
P3 17,635 -P4 16,867

Log Averaged 18,624 15,843

IN9021-T851 Extrusion
Specimen Specimen

6C-16 9,145 - 6A-12 3,282
6C-18 - 22,640 6B-14 3,611

6D-17 - 33,297

Log Averaged 3,443

7075-T7351 Plate*

12,900 -10,700

7075-T651 Plate*
10,800 27,300 8,900 25,300

2324-T39 Plate*
17,800 53,700 14,400 42,900

*Data from the final report "Investigation of Fatigue 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 Failure

Results From Northrop

Tension Dominated Spectrum Tension-Compression Spectrum

(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-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-T851 Extrusion 9,100 2024-T851 7,100
2024-T851 8,500 IN9021-T851 Extrusion 3,400

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

**All 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 is rounded to the nearest 100 hours.
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TABLE H3

7090-T7E71 PLATES
COMPRESS ION

COMPANY ORIENTATION COMP YIELD

STR (KSI)

AFWAL LONG. 86.9

89.1

86.7

AFWAL TRANS 94.5

95.8
92.8
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TABLE H2

7090-T7E71 PLATES: 1/4(.4)" x 16"
TENS ILE

COMPANY TEST ORIENTATION ULT YIELD ELONG
TgMP STR STR M%
(F) (KSI) KSI )

AFWAL RT LONG 87.8 82.5 10.0

87.5 82.6 8.5

87.2 82.7 9.3

ALCOA 86.4 82.0 9.0

86.9 82.8 10.0

85.6 79.8 10.0

AFWAL TRANS 89.8 85.3 11.5

89.2 85.0 12.0

89.5 85.1 13.0

ALCOA 87.8 82.6 6.0

92.0 87.1 7.0

86.3 80.7 8.0
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TABLE MI

SUGGESTED ALLOIJABLES FOR

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

F KSI 5.L 8.
LT 86.3

Fty KSI
L 79.8
LT 80.7

F yKSI
L 86.7
LT 92.8

L5. S 48.6

LT 47.0

Fbul KS!

(e/D=l.5) 127.9
(e/D=2.0) 166.2
LT
(e/D=l.5) 132.3
(eID=2.0) 176.7

F by' KS
L
(e/D=1.5) 108.0
(e/D=2.0) 123.4
LT
(e/D=1.5) 113.5 NOTE: These values were developed to be
(e/D=2.0) 132.8 used only in a cost-benefit-aflysis and

K, KS! -Ii are not necessarily accurate for design
IC, LI 23.5 of hardware.
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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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'0 NOTCH DETAILS
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THICKNESS.CF .
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Figure G14. Specimen Used to Generate Data in Figures G15 and G16.
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*Figure G13. Crack Length Versus Flight Hours for 7475-T7351 Generated by
General Dynamics.
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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
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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

176.7 134.9

LONG 1.5 131.7 110.6

127.9 110.3

129.5 108.0

TRANS 132.3 115.0

136.4 117.6

134.4 113.5
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TABLE H6

7090-T7E71 PLATES

FRACTURE TOUGHNESS , KIC, KC

COMPANY ORIENTATION KIC KC  COMMENT

(KSI v7' (KSI /T 7

AFWAL L-T 24.3 valid

-'2 23.5 valid

26.1 valid

ALCOA 58.2 *

58.9 *

V

*•'16 inch wide CCT panels evaluated per ASTM standard B646-78.

257

, ..



C. - rC"7) "f ,

hi LLI I

._ -.,;(p

:.,.,. ,) ,j ..

,- ,--. I .- I /_. ,

;" u' -; *,?[ ) .1;

-. 440

Scm

U-

* .-. F. ,--

-".o-o ' /0 <i .)
1P'-,,,/ / ,-

,.. .. . .- .L . .

-4 ii -

r~o-,

4-... ,. '-;
I U-'o-

.. .,7,," .. r ,..., 0.'

/'. . -4 e'

"% I, -

, :'] 258

'.* % ' o ' .' . ". " . . ' . . ' ' . , " " . - , " ' . " . • . ,%, . " , " ; . " - " .•• . . " .. - . . ' .- - -,. " . . ' '.



TABLE H7

FATIGUE DATA FOR 7090 PLATES: R =0.1, Kt =1.0

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

42000 110 1 O0 p
400 5 713 C0 1
480i 18 9 1 9 1

139000 393290O 1
50000 2421Y50 0 1

p~A g0p 1 ]IP flfl

*259



C--- 1
-- +.: .'-

LI. .I LS.) ill

f") I C") C-.) *

':J 12 ) CS.J

""- ' I- • . 00

7 |- - II i II ,

-4'
-. )

\i -- ®

.41
IA

- UJ

260

0

I-

oin

260

1 .. .... .



TABLE H8

FATIGUE DATA FOR 7090 PLATES: R = 0.1, K t =3.0

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

I ci0 00 170fl0000 0
17000l 1Eo oc00o 0
19 0 00 129 14 0 r I
18000 4172300 1

2os 74c;~ I I
21000 6577G0 1
23000 293410 i
2r,001 1170C 1
I P0 1 330i 1
35000 1703
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CONDITION/HT: T7E71 ALUM.
FORM: 0. 40"TH PLATE YIELD STRENGTH: 82.8 KSI ALLOY '
SPECIMEN TYPE: CT ULT. STRENGTH: 87. 5 KSI
ORIENTATION L-T SPECIMEN THK: 0. 250- 0. 251"
STRESS RATIO: +0. 10 SPECIMEN WIDTH: 1.501- 1.503" 7090
FREQUENCY: 25. 00 HZ REFERENCES:

AK (MPA Vm') &K (MPA V'-)
4 10 40 100 4" 10 40 100

-ENVIRONMENT: R. • 100 -_ENVONMNT: R. T.o.
1 LAB AIR HI HUMIDITY

10* 10.

1 0-- 1 0. 1

10-2 
10-2

10.4_ 3_ 10_ 3 .)
- o -- 10.3  ----- _ 10

E

10 1015  Z

100

1 1 . 1
0 ' __,..,1 . 1-

10F6 
101-

-10F6  -10
6

10 1 ~ ~ l I I[ t h - 1078e  1 I 1,111, 1 1 11l,1, --

1 4 10 40 100 10 40 100

= -mIr- F1FF1rF 1~ 1~ 1m 11_ -TriII11 1 il
ENVIRONMENT: 100 @ ENVIRONMENT: 100

162 -O12
10 - 10.1

10.2 10-2

44

S10 -- 10510 U4~

.1075  E05

107  10 7

6 . 1 .6

10 - 10

14 10 40 100 1 4 10 40 100

&K (KSI vf7Tn) AK (KSI VT-n)

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

----------------------------------------------------------

MAfERIAI : A UMINUM /OW(
CONDIIION: T7E71
~-------------------------------------------------------------- ---------------

LLI A K : DA/DN (10**-6 IN. /CYCLE)
(K S'f *IN*1/2)

: A B C D

* E= R.T. E= R.T.
:LAB AIR HI HUMIDITY

A: 3. 28 : v 9c
DELTA K E: 3. 24 .291

MIN C:
D:

3. 50 :.4,10 412

4. 00 : .05 752
5.00 : .05 2.01
6. 00 3. 89 4. 25
7. 00 6. 20 7. 55
E. 00 8.85 11. 7
9.00 : 11.7 16.3
10.00 : 14. 7 20. 9
13.00 : 24.2 30.6

A: 13. 88 : 27. 1
DELTA K 1: 14.66 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 HIO and HII.
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Figure H4. Specimen Used to Generate Data in Figures H5 and H6.
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APPENDIX I

7091-T7E69 SHEET

9

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 II

SUSGESTED ALLO.,ABLES FOR
7091-T7E69 SHEET: 0.063" x 16"

Ft. KSIFtL 77.4

LT 79.0

FtY9 KSI
4 F L 72.6

LT 69.3

F KSI
L 74.9
LT 77.1

F KSI
L 48.0
LT 48.4

Fbu' LKS

(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. KSI

(e/D=1.5) 108.6
(e/D=2.0) 120.3
LT
(e/D=1.5) 107.9 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
KC, KSI T of hardware.

L 75.4

4'
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TABLE 12

7091-T7E69 SHEET
TENSILE : 0.063" x 16"

COMPANY TEST ORIENTATION ULT YIELD ELONG
TEMP STR STR C %)

(OF) (KSI) (KSI)

ROCKWELL RT LONG 79.7 74.9 12.3
79.7 74.5 10.7
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
C."80.4 75.2 10.0

80.5 75.2 11.0

. FAIRCHILD 78.7 73.3 12.1
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
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TABLE 13

7091-T7E69 SHEET
TENSILE

COMPANY TEST ORIENTATION ULT YIELD ELONG
TEMP(UF) 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 14

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

ALCOA 81.0

77.6
81.5

WN2

I
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TABLE 15

7091-T7E69 SHEETI COMPRESSION

COMPANY ORIENTATION COMP YIELD
STR (KSI)

ROCKWELL TRANS 77.4
77.1
79.0

ALCOA 81.4
79.1
83.7

2

j
I

,L

V.

.1
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TABLE 16

7091-T7E69 SHEET
SHEAR

COMPANY ORIENTATION SHEAR
STR (KSI)

ROCKWELL LONG 51.4
48.9
50.5

FAIRCHILD 53.7
53.0
52.8
53.9

ALCOA 49.2
48.0
50.3

ROCKWELL TRANS 48.4
50.0
50.6

FAIRCHILD 53.3
53.1
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TABLE 17

7091-T7E69 SHEET
BEARING

COMPANY ORIENTATION e/D ULT YIELD
B.STR B.STR
(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
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TABLE 18

7091-T7E69 SHEET

FRACTURE TOUGHNESS

COMPANY ORIENT KC

(KSI IN)

LOCKHEED-GA 87.4 (a)

82.5

ALCOA LONG 75 .4(b)

78.7

(a) 6" wide CCT panel
(b) 16" wide CCTpanel
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TABLE 19

FATIGUE RESULTS FOR 7091 SHEETS: R = 0.1, K t 1.0

STRESS CYCLES FAIL (1)

PSI NO FAIL (0)

20200 9200000 0

2420 820Z00GC a
22- 7107,00 c

3 ,0cOCO 109411 90 L
3 2 0C 0 1777 "4 r 0
320CO 112R75OU 0
.3 2tf%0 1087830!" 1
3 2 3 ( 443SC 1
3 40 C, 0 2 18 1,,00 1
340(0 40010C 1
363030 7201 1
39000 111600 1
39000 100=10 1
4 40 0 01 () 1

4160C 137 CO 1
4 10 C G 99C 1
4100.1 8 1 0 F 1
43000 792,10 1

44 ?627(- 1

4 P4 C,,^ 17649 1
6056 13431
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TABLE I10

FATIGUE RESULTS FOR 7091 SHEETS: R = 0.1, Kt = 2.7

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

150cc 488 7QO 0
155 G 374590C

• I323?100
16c3 23o5Bo 1
1900 3 l11•207, TOiO 1
250CO 42951 1
27C0I 36390 I
290 c'f, 2477-1
I .') 24000 1
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TABLE Ill

FATIGUE RESULTS FOR 7091 SHEETS: R = 0.1, Kt 3.0

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

1403C 13553103 c
16000 15731900 0
1600-0 15447700 0
IO0O 673400 1
18000 187300 1
18000 169800 1
20000 118100 1
200G0 988 0 1
20000 67600 1
22000 54100 1
24000 59000 1
2 2 0 C, 247C0 1

'
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Figure 15. Fatigue Crack Growth Rate Date for 7091 Sheet,
L-T Orientation.
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STRESS CORROSION

ALCOA reported the 709l-T7E69 sheet has good resistance to exfoliation
when compared %-o the 7075-T6 plate. Tabular results are in Table 112 and
113
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