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SECTION I

BACKGROUND

Initial B-I bomber design in the early 1970s specified the

use of 7075-T7351 and -T7651 aluminum plate materials which were

brought to guaranteed toughness levels in locations where damage

tolerance is critical. Since that time, however, the Aluminum

Association has supported a position that aluminum producers will

guarantee fracture toughness only for a new generation of alloys

processed specifically for improved fracture properties; the

appropriate replacements for 7075 are 7175 and 7475, which are

now used in production B-IB bombers. Both 7175 and 7475 have

chemical make-ups almost identical to 7075 except that the

impurity elements iron and silicon are lower in the new alloys.

Upon review of design values for the 7475 alloy, we noted

that shear and bearing properties reported in MIL-HDBK-5 for

7475-T7351 and 7475-T7651 were lower than the corresponding

values for 7075. We assumed that the statistical analysis

techniques used to reduce the data might be the reason for the

difference. The data for 7075 aluminum were generated in the

late 1960s under less stringent statistical requirements than

those now in effect. The 7475 allowables were approved in the

late 1970s and were analyzed under the new guidelines requiring a

larger number of different lots of material.

1
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AFWAL-TR-83-4128, "Revision of Design Values for 7075-T7351

and 7075-T7651 Aluminum Plate," described the test program

conducted to support the B-i System Program Office. That report

stated that additional heats of 7075-T7651 in varying thicknesses

should be tested to better evaluate that material's

characteristics for MIL-HDBK-5. This report (AFWAL-TR-86-4100)
presents data from additional tensile, compressive, shear, and

bearing tests performed on material supplied by Alcoa and Alcan

in 1 3/4-inch and in 45mm and 50mm thicknesses.

In addition, in analyzing the data generated in this current

effort, we found some inconsistencies in the data reported in

AFWAL-TR-83-4128. The bearing values from this effort

(AFWAL-TR-83-4128) were higher than those values obtained from

testing the three additional plates. The difference was

suspected to be the pin bearing test technique. The specimens

evidently had not been allowed sufficient clearance in the

fixture to freely deform, and were therefore binding in the grip

area, causing the bearing values to be artificially high. Thus,

all the bearing specimens tested for report AFWAL-TR-83-4128 were

remachined to remove the torn out and deformed material, and new

holes were machined into in the nonaffected zone of each

specimen. This report contains retests of the same 7075-T7351

and -T7651 bearing specimens tested in the above report, along

with the mechanical properties from the new plates of material.

, - ~~~~~~~~~~~~~~~~~~ . . . ..-. . ..%. --. d . - - .€" .. ' . . . . ,-2"-.of''
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The data generated in this program have been made available

for further analysis and incorporation into MIL-HDBK-5.
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SECTION II

TEST PROGRAM AND PROCEDURES

1. MATERIAL

Alcoa supplied one 1 3/4-inch-thick plate and Alcan supplied

one 45mm- and one 50mm-thick plate of 7075-T7651 material for

tension, compression, shear, and bearing testing. These plates

had not been tested in the previous effort. The retested

7075-T7351 and -T7651 bearing specimens had originally been

supplied by various companies from their in-house stock; Table I

lists the companies and the plate thicknesses from which those

specimens were machined.

2. SPECIMENS

Figure 1 shows specimen orientations as they were excised

from the supplied plates. Specimen geometries are shown in

Figures 2 - 5. Specimens taken from plates 1 1/2 inches thick or

less were removed from the center thickness location, while

specimens taken from thicker plates were removed from the

one-quarter thickness location as specified by ASTM Standard

B557, "Tension Testing Wrought and Cast Aluminum- and

Magnesium-Alloy Products."

Bearing specimens that were retested from the previous

.5.
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program had the original test hole and associated deformed

material removed before new holes were bored. The resulting

specimens were shorter, but they were still valid according to

ASTM Standard E238, "Pin-Type Bearing Test of Metallic

Materials."

3. TEST PROCEDURES

Tensile tests were performed in a 20,000-lb capacity Instron

Model 1125 tensile testing machine. A 1/2-inch Instron

extensometer was used on the short tensile specimens while a

1-inch Instron extensometer was used on the round tensile

specimens to measure strain. ASTM Standard E8, "Tension Testing

of Metallic Materials," was followed.

-. Compression testing followed ASTM Standard E9, "Compression

Testir- of Metallic Materials at Room Temperature." The

specimens, placed in a Satec compression subpress to insure axial

loading, were also tested on the 20,000-lb Instron machine. A

1/2-inch MTS extensometer was used to measure strain.

-'"-"The 20,000-lb Instron machine was also used to conduct shear

tests. No standard presently exists governing shear testing, but

several guidelines were followed to ensure accurate results. The
Amsler Double Shear Tool (Figure 6) was used to determine shear

strengths because of its greater rigidity as compared to other

commonly used devices. The Amsler tool generally gives shear

5



-VW IV .7rW- 7.17 -7 7- 7 -7 ~ 7 -~AFWAL-TR-86-4100

strengths which are about 10% higher than those obtained with

other tools and provides a more realistic value of a material's

shear strength [1]. Also, the ends of the specimens were scribed

with lines indicating "L" or "L-T" orientations and the specimens

were tested with the load coincident with the scribe line.

Kaufman and Davies showed that shear strengths can be as much as

9 per cent higher when specimens were loaded coincident with the

scribe lines than if they were loaded perpendicular to the lines

[1].

Bearing tests, conducted on the Instron machine, followed

ASTM Standard E238, "Pin-Type Bearing Test of Metallic

Materials." Two edge distance ratios were tested, e/D = 1.5 and

e/D = 2.0. "Clean pin" procedures were followed as outlined in

ASTM Standard E238.

All tests were performed at room temperature in laboratory

air at 20 - 30 per cent relative humidity.

I L Kaufman, J.G., and Davies, R.E., "Effects of Test Method

and "pecimen Orientation on Shear Strengths of Aluminum Alloys."
Proco.diiy , Vol. 64, American Society for Testing and Materials.

6
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SECTION III

RESULTS AND DISCUSSION

Tensile strength, compression strength, and shear and

bearing strengths are reported in Table II for the previously

untested 7075-T7651 material.

Shear strengths for the 7075-T7651 material for the

1 3/4-inch plate thickness were compared to those generated in

the previous effort. "L"-orientation shear strengths were 6 to

10 KSI higher in this program than the strengths reported in the

earlier effort. This could be due to the greater stiffness of

the Amsler Shear Tool over the rivet shear tool used before, or

the orientation of the shear specimens, or both.

Bearing strengths in Table III (for 7075-T7651) and Table IV

(for 7075-T7351) are the retested values for those specimens.

Retests of the 7075-T7351 specimens showed bearing strengths

that were markedly lower than those obtained previously. This is

probably due to the test technique. It is possible the specimens

originally had been clamped too tightly in the bearing test grips

.9, so that the deformation of the specimen inhibited its movement in

the grips. The retests were run so that the specimen had

sufficient clearance to deform, but did not have enough clearance

to violate ASTM Standard E238.

7
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SECTION IV

CONCLUSIONS

These values will be incorporated into MIL-HDBK-5 and will

represent the first time that "A" and "B" design values will be

presented for these heat treatments of these materials.

The Amsler Double Shear Tool provided data with very little

scatter; the amount of bending inherent in other shear test

fixtures is greatly reduced by this fixture. The wide variances

in data that are possible due to specimen orientation, the

fixture used, and other factors dictate that a standard for shear

vY2 testing be developed. The results of this test program indicate

that the Amsler Double Shear Tool be the fixture specified due to

its inherent stiffness.

The side clearance has proven critical for pin bearing data,

and care should be used to allow sufficient space for specimen

deformation between the parallel plates of the grip, but not

enough space should be left to allow bending of the loading pin.

It would be desirable for the ASTM pin bearing specification to

address this issue on a quantitative basis.

..
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Figure I. Specimen orientation, Diagram. L is the olig -Direction.
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TAR~LF I

7075-T7351 AND -T7651 TEST PROGRAM

Plate Heat
Thickness (in) Treatment Supplier

o0.375 T7351 Lockheed-Georgia

*0 .500 T7351 Lockheed-Georgia

0.500 T7351* Lockheed-California

0.625 T7351 Lockheed-Georgia

0.875 17351 Lockheed-Georgia

1.000 T7351 Lockheed-Georgia

1.250 T7351* General Dynamics

1.500 T7351 Lockheed-Georgia

1.500 T7351* Sikorsky

1.750 T7351* Sikorsky

1.750 T7651 McDonnell-Douglas

*1.750 T7651 Alcod

1.750 (45 nhyi) T7651 Alcan

2.000 (50 mm) T7651 Alcan

2.000 T7351 Alcoa

2.250 T7351 Alcod

2.250 T7651 Lockheed-California

2.500 T7351 McDonnell-Douglas

3.000 T7351 Alcod

*Reheat treated from T7651 condition to designdted hedt treatuent.

13
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TABLE III

BEARING VALUES FOR 7075-T7651 PLATE MATERIAL

Bearing
: e/D : .5 elD =2.0

orloni(al Grdn
Thickness Direction Yield Ultimate Yield Ultimate
(in) (ksi (ksi) (ksi) (ksi)

1-25 L 93.28 112.31 102.03 147.50
L 92.04 112.22 107.16 148.09

Avq. 92.66 112.27 104.60 147.80

LT 91.83 115.70 105.40 151.25

LT 91.83 112.95 -- 150.94
Avg. 91.83 114.33 105.40 151.05

1.75 L 92.80 116.00 111.13 156.37
L 92.59 115.10 110.49 153.37

Avg. 92.70 115.55 110.81 154.87

L 92.99 116.24 107.56 149.63
L 96.04 117.24 106.67 153.89

Avg. 94.52 116.74 107.12 151.76

NOTE: These specimens were re-;iachined and re-tested after values were
reported in AFlAL-TR-83-4128.

16



TABLE IV

BEARING VALUES FOR 7075-T7351 PLATE MATERIAL

"__.1 Bearing
___ ___e/D__ __=__1.5__ __e/D =2.0

Nominal 
Grain

Thickness Direction Yiela Ultimate Yield Ultimate
(in) (ksi) (ksi) (ksi) (ksi)

3.0 L 78.07 105.95 -- --

L 86.72 106.09 91.89 139.43
Avg. 82.39 106.02 91.89 139.43

LT 81.53 108.58 93.68 140.33
LT 77.41 108.52 -- 137.97
Avg. 79.47 108.55 93.68 139.15

2.5 L 86.75 109.70 87.82 143.82
L 82.64 108.30 91.33 140.41

Avg. 84.70 109.00 89.57 142.11

LT 82.18 109.09 103.56 145.51
LT -- 110.11 98.53 143.38
Avg. 82.18 109.60 101.04 144.44

2.25 L 94.83 114.39 107.43 146.28
L 86.80 110.22 -- 142.41

Avg. 90.82 112.31 107.43 144.34

LT 83.27 113.38 86.11 141.1]
LT 85.17 111.79 97.22 146.11
Avg. 84.22 112.58 91.67 143.61

2.0 L 84.63 113.89 89.02 147.35
L -- 111.11 73.05 146.10

Avg. 84.63 112.50 81.03 146.72

LT 80.15 112.36 93.42 145.68
LT 92.35 113.81 -- 144.17
Avg. 86.25 113.08 93.42 144.92

NOTE: These specimens were re-machined and re-tested after values were
reported in AFWAL-TR-83-4128.

17
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TABLE IV -Continued

BEARING VALUES FOR 7075-T7351 PLATE MATERIAL

Bearing

Nominal G rai n / 1.e/ 20

Thickness Direction Yield Ultimate Yield Ultimadte
(in)_______ (ksi) (ksi) (ksi) (ksi)

1.75 L 91.04 115.11 89.81 146.67
L 96.34 114.47 106.04 146.89

Re-heat Avg. 93.69 114.79 97.93 146.78
treated _______________________

from
-T7651 LT 78.33 116.11 94.80 147.40

LT -- 113.06 -- 143.89
Avg. 78.33 114.59 94.80 145.64

1.5 L 78.44 107.43 91.30 137.96
L 84.76 104.46 87.13 136.19

Re-heat Avg. 81.60 105.95 89.21 137.08
treated __________

from
-T7651 LT 81.53 105.22 62.73 138.75

LT 81.70 104.91 -- 140.19
Avg. 81.61 105.06 62.73 139.47

1.5 L 92.4? 109.09 92.35 142.16
L 90.96 108.30 95.71 142.35

Avg. 91.69 108.70 94.03 14?.?6

LT 83.33 106.04 -- 141.14
LT 76.87 107.46 04.10 142.07
Avg. 80.10 106.75 94.10 141.61

1.5L71.84 102.30 82.40 116

L 81.03 105.56 -- 132.96
Avq. 76.44 103.93 82.40 132.31

LT 73.86 102.27 92.62 132.29
LT 86.92 104.42 82.41 132.96
Avg. 80.39 103.35 87.51 132.63

NOTF: These specimen,; were re-vidchined and re-r.ested af ter values were

reported in AFWAL-TR-83-4128.

18



TAbLE IV - Continued

REARING VALUES FOR 7075-T7351 PLATE MATERIAL

Beari rng
e/D = 1.5 e/D = 2.0

Nomi nal G rd in

Thickness Direction Yield Ultimate Yield Ultimate
(in) (ksi) (ksi) (ksi) (ksi)

1.0 L 83.15 109.74 95.94 140.41
L 90.30 109.70 88.68 143.0?

Avg. 86.73 1OQ.72 92.31 141.71

LT 89.93 107.84 96.67 142.4.

LT 81.04 106.51 -- 13q.I
Avg. 85.48 107.17 96.67 140.80

0.875 L 85.32 102.97 88.49 136.3
L 75.46 102.60 93.89 134.44

Avg. 80.39 102.79 91.19 135.34

LT 74.06 103.20 65.06 134.94
LT 79.70 99.45 88.79 134.3P
Avg. 76.88 101.32 76.92 134.66

0.625 L 78.30 107.36 94.83 145.21
83.98 111.97 95.1? 148.44

Avq. 81.14 109.66 94.97 146.F?

LT 80.83 109.?] 70.55 133. 4'
IT 86.91 107.64 73.26 139.56
Avg. 83.87 108.42 71.90 36.5:

0.5 L 86.89 106.55 8?.78 139.26
L 77.36 106.23 74.44 135.00* Avg. 82.12 106.39 78.61 137.13

LT 89.2? 101.43 85.85 137.0
LT 86.98 107.,5 94.81 141 .481'
Avq. 88.10 107.49 90.33 139.49

NOTE: These specimens were re-,nachined and re-t ested after values were
reported in A[WAL-TR-83-4128.

19
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TABLE IV - Continued

g;EARING VALUES FOR 7075-T7351 PLATE MATERIAL

3ea'rimrg
e/'l 1.5 e/D =2. C

N oi if I1 - G ra i n,

(hickness , rec'i on Yi e d Lltiiate Y t-id G ]IriLte
(r~) ksi. k k sd

L 83.0? 109.70 98.88 145.13
Avq. 83.27 10. 74 97.37 145.6

IT 91.3, 12.21 i '4.7 ".3.36
90.24 9 "7 39.74

*IAvy. 92.02 11?.0 [ 9'.2 "41.55

03 7 5 95.20 116.6? 02.27 1.
L 86.62 14.47 97.27 144.55

Avq. 90.92 115.54 102.27 14P.27

LT 84.56 110.85 92.86 148.31
L 9] 06 1l.0 -- 147 .06,
Av. 87. . 14 .45 9 .86 1 V7 .68

,iOTF" These specira ns were re- .- cnined dna re-ested ditI'r" VdU'rL
i uported in AFWAL-TR-3-'-ll?.
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