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SUMMARY

In order to evaluate the effect of newly established manufacturing tech-
nigques and processes on the MIL-HDBK-5 design allowable properties of aero-
space materials, various mechanical properties, including fatigue, were deter-
mined at room temperature for multiple lots of four products supplied by the
Air Force. The data which were obtained are suitable for the determination of
statistically based design values or can be used to supplement existing data so
that design values can be determined. (Statistical analysis of the data to
determine design allowables was not performed in this test program.)

Specifically, the following tests were conducted in Phase I:

7149-T73 Hand Forgings. Tensile, compression, shear, and bearing tests
in various grain directions were conducted or six lots of 7149-T73 hand forg-
ings which varied in thickness from 2-1/2 through 4-3/4 inches in thickness.
Unnotched and notched, Ky = 3, axial-stress fatigue tests were performed at
three stress ratios, R = -0.5, R=10.1, and R = 0.5, using long transverse
specimens from 4-, 4-1/2-, and 4-3/4-inch-thick forgings. S/N curves were
constructed.

Ti-15V-3Cy-33n-3A1 Solution Treated Sheet. Tensile, compression, shear,
and bearing tests in both grain directions were conducted on ten lots of
solution treated Ti-15V-3Cr-35n-3A1 sheet which varied in thickness from 0.021
through 0.116 fnch. Unnotched and notched, Ky ® 3, axial-stress fatigue tests
were performed at three stress ratios, R = -0.5, R = 0.1, and R = 0.5, using
long transverse specimens from 0.113-inch-thick sheet. S/N curves were con-
structed.

15-5PH (H935) Castings. Tensile, compression, shear, and bearing tests
were conducted on nine different 15-5PH (H935) corrosion resistant steel cast-
ings which varied in thickness from 5/8 through 1-7/8 inches.

Inconel 718 {STA) Sheet. Tensile, compression, shear, and bearing tests
in both grain directions were conducted on eight heats of solution heat treated
and aged (creep-rupture heat treatment) Inconel 718 sheet which varied in
thickness from 0.016 through C.250 inch. Unnotched and notched, Kt = 3, 3xial-
stress fatigue were performed at three stress ratios, R = -0.5, R=10.1, and
R = 0.5, using long transverse specimens from 0.109-inch-thick sheet. S/N
curves were constructed.
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INTRODUCTION

One of the major problems in the utilization of new manufacturing tech-
niques for metallic materials used in advanced aircraft is the lack of suffi-
cient comparative mechanical property data to determine the effect of a new
manufacturing technique or process on the design properties of the basic mate-
rial. According to DoD and FAA regulations, a material cannot be used in a
structural aircraft design unless the design allowable properties are availd-
ble in MIL-HDBK-5 or a statistically significant quantity of data are available
to provide acceptable documentation to support the values used in the design.

Consequently, it is desirable to conduct test programs to evaluate the
effects of new manufacturing techniques or processes on the basic mechanical
properties, such as tension, compression, shear, and bearing properties, as
well as fatigue characteristics., These data, when suitably obtained, can be
used by the MIL-HDBK-5 Program to determine statistically based design values
for incorporation into MIL-HDBK-5. The availability of these data will reduce
the time lag between the establishment of a new manufacturing process (or
alloy) and its use in aerospace vehicles and components.

0BJECTIVE

The objective of this program was to evaluate the effect of newly estab-
1ished manufacturing techniquey and processes on the NMIL-HDBK-5 design allowa-
ble properties of structural materials used in aerospace applications.

TECHNICAL APPROACH

The technical approach was to fabricate (including heat treatment when
required) test specimens from government-furnished materials, to perform the
mechanical property tests which are required for the development of design
allowable properties, and to present the mechanical property data in a format
suitable for use by the engineering community. The government-furnished mate-
rials which were tested were:




7149-T73 Hand Forgings
Ti{-15V-3Cr-3Sn-3A} Sheet (Solution Treated)
{nccnel 718 Sheet (Solution Treated and Aged)

15-5PH (H935) Castings.

TEST PROCEDURE

In general, triplicate specimens, except for fatigue, were conducted for
each mechanical property and grain direction. However, due to the size,
configuration, and quantity of material provided, some compromises were neces-
sary. The test specimen location and configurations are described under the
individual alloy in the Test Program section. All test specimens were fabri-
cated by Metcut Research Associates, Inc., Cincinnati, Ohio. In general, all
mechanical oroperty tests were conducted in accordance with ASTM standards. A
detailed description of testing procedures is provided in Appendix A. All
tests were conducted ot room temperature.

TEST PROGRAM

A description of tne test program and the data obtained for each material
are presented in this section.




7149-T73 Hand Forgings

Background

Alloy 7149 is a high strength, heat treatable aluminum alloy having good
stress-corrosion resistance in the T73 temper. Alloy 7149 is similar vo 7049
except for lower iron and silicon contents. Design values for 7049-T73 hand
forgings are published in MIL-HDBK-5 Table 3.7.1.0(c). However, the design
allowables were based upon only four lots of material. The current MIL-HDBK-5
guidelines require at least ten lots for the determination of design values.
Mechanical property cata for 7149-T73 hand forgings were needed for comparison
with 7049-T73 data. If there are no significant differences in the tensile,
compression, shear, and bearing properties for the two alloys, the 7049-T73 and
7149-T73 data can be combined so as to constitute sufficient lots of material
for the determination of design values applicable to both 7049-T73 and 7149-T73
hand forgings. (After completion of this test program, comparison revealed no
significant difference in the tensile, compression, shear, and bearing proper-
ties of the two alloys.)

Material

The Air Force supplied six lots of 7149-T73 hand forgings which had been
produced by Kaiser Aluminum. The size of the hand forgings are shown below:

Nominal

Thickness, Width, Length,
inches inches inches
2-1/2 13-1/4 19
2-3/4 13-1/2 19
3-3/4 11-1/2 19
4 11-1/2 19
3-1/2 13-1/4 19
4-3/4 13 19

The chemical composition as determined by the AFWAL Materials Laboratory was as
follows:
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Element Percent
Zinc 7.6
Magnesium 2.1
Copper 1.4
Chromium 0.14
Iron 0.108
Manganese 0.0047
Silicon 0.088
Titanium 0.016

The chemical composition and tensile properties conformed to AMS 4320.

Location of Test Specimens

In order for mechanical property data to be usable for the determination
of MIL-HDBK-5 design values, the tensile, compression, shear, and bearing
specimens must be located within the cross section in accordance with ASTM B557
or AMS 2355 for aluminum alloy products. All specimens, except fatigue, were
taken from the middle one-third of the width with the axis of the specimen at
the T/2 location but at a distance from the end of the hand tforging of at least
one-half the thickness of the hand forging. All tensile, compres: ion, shear,
and bearing specimens for each grain direction were located clost together.
Due to the limited size of the hand forgings, it was necessary to machine
twenty fatigue specimens each from three hand forgings, 4, 4-1/2, and 4-3/4
inches thick. The location of the test specimens is shown in Figures 1 through
5. The following code system was used to identify test specimens:
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Figure 1. Specimen 10cat1‘on6 for 7149-T73 hand forgings.
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Specimen Configuration

The configurations of test specimens are shown in Appendix B, Subsize
tensile specimens were employed for the short transverse grain direction.

Test Results

Tensile. The results of tensile tests are shown in Taut:: 1 and 1(SI).
In addition to tensile yield and ultimate strengths, elongati n dand modulus of
elasticity values are indicated. Typical tensile stress-strain curves for
each grain direction are presented in Figure 6. The shape parameter was
determinad in accordance with Section 9.3.2 of MIL-HOBK-50. The average ten-
sile yield strengths and the average tensile moduli of elasticity determined in

9
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MECHANICAL PROPERTIES OF 7149-T73 MAND FORGINGS--T/2 LOCATION (Continued)
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Figure 6. Typical tensile stress-strain curves for 7149-T73 hand forgings.
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Figure 7. Typical compressive stress-strain curves for 7149-T73 hand forgings.
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this test program were used with the shape parameter to censtruct typical
stress-strain curves.

Compression. The results of compression tests are shown in Tables 1 and
1(S1). Compressive modulus of elasticity values are listed in addition to the
compressive yield strengths. Typical compressive stress-strain curves are
presented in Figure 7 for each grain direction. The shape parameter was
determined in accordance with Section 9.3.2 of MIL-HOBK-50. The average com-
pressive yield strengths and average compressive moduli of elasticity deter-
mined in this test program were used with the shape parameter to construct
typical stress-strain curves.

Shear. The results of shear tests are shown in Tables 1 and 1(SI). An
"*Amsler" shear specimen and "Amsler" shear tool were used for testing so that
the resulting shear data would be compatible with existing shear data for 7049-
173 hand forgings as well as other aluminum alloy products. The shear strength
of aluminum alloys may vary with grain direction. Therefore, the identity of
the grain orientation of the shear specimens was maintained with a scribe mark
on the end of the specimen and the shear specimens were positioned in the
“Amsler* shear fixture so that the loading direction was in accordance with
MIL-HDBK-5 Section 3.1.2.1.1.

Bearing. The results of bearing tests are shown in Table 1. Bearing
specimens were located in an edgewise orientation., Bearing tests were not
conducted in the short transverse direction,

Fatique. The results of axial-stress fatigue tests are shown in Tables 2
and 3. Fatigue tests were conducted only in the long transverse grain direc-
tion utilizing unnotched and notched, Kt = 3, specimens. The thicknesses of
the hand forgings tested were 4, 4-1/2, and 4-3/4 inches. Tests were conducted
at three stress ratios, R = 0.5, R = 0.1, and R = 0.5. The fatigue data were
analyzed in accordance with Section 9.3.4 of MIL-HDBK-5 and S/N curves in
Figures 8 and 9 constructed accordingly.
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TABLE 2. UNNOTCHED FATIGUE DATA FOR 7149-T73 HAND FORGINGS--LONG TRANSVERSE DIRECTIGH

Sepecimen Maximum R-ratio Cucies to
Stress : Failure
ksi (MPa)

62,0 (427,3)
SFT113 60.0 (413.7) 12290
bFT1L 60,0 (A13.7) 211690
SFT19 50,0 (344.8? 41,600
4FT9 U0.0 (344.8) 492600
&FT113 45.0 (310.3) 469850
4F 111 40,0 (2/75.8) : -
6FTY 40.0 (275.8) 3139530
SFT17 35,0 (2461.3) UNF
AFT13 30.0 (206.9) : 1INF

4F 113 0.0 (433,72 242720
SFT15 $0.0 (413.7) 32r360
GrF 17 95,0 (/9.0 349070
SFT119 9.0 (379.2) 137730
4F 115 0.0 (344.48) Blr3500
4F117 90.0 (314,.8) Yoy /720
&F1L7 45.0 (310.4) UNF
SF119 45,0 (310.3) [INF
SF117 40.0 (2/7%.8) 21Q00»000
4FT19 40.0 (275.8) LNE
SEILt $H.0 (241, 3 LINF

ar 17 62.0 (A27.%) $4:370
4FT1L $0,0 (414.7) H8:410
&FT3 60,0 (A13,7) 79303,000
SFTL 40,0 (41447) ¥324:398%50
SFTA SH.0 (379.2) 33,280
sF 11 NEL 0 (479,2) 942390
AF (5 90.0 (344.8) -
4rTd GBOL0 (344.8) UNF
SF1S 250.0 (344.8) HE

(1) Counter did not stop; unknown cycles to failure.
(2) DNF--did not fail; test ran to 10,000,000 cycles and stopped.
(3) Unknown load for 10,000+ cycles.
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é TABLE 3. NOTCHED, K, = 3, FATIGUE DATA FOR 7149-T73

k] HAND FORGINGS-~LONG TRANSVERSE DIRECTION

st

Seeciaen Haximum R-ratio Cgecles to
e Lo Stress Failure
Eﬁn ksi (Mba)

-:F ‘ ————————————————————————————————————————————
N 5FT10 30.0 (206.9) ~0.5 71050
Ny - - 4F (10 30,0 (206.9) -0.5 71090
~ S 6FT10 20,0 (137.9) ~0.5 529260
. aFT12 20,0 (137.9) 0.5 812290

¥ SFT14 17.5 (120,72 ~0,5 771840
E“ 6F 112 17,5 (120.7) -0.5 BLré/0
s SF iy 15,0 (103,4) ~0.5 2341960
e bFT14 15.0 (103.4) 0.5 1341750
o 4FT14 15.0 (103.4) -0.5 ODNF (1)
EN S¢T12 10.0 ( 68.9) -0.5 pNE
£
N SF 120 40,0 (27%.8) $0.1 G110
. 6F I8 40,0 (27%.8) +G. 1 61400
- &FT16 JO.0 (20449 +0.1 20,050
oo 4r 116 0.0 (206.9) $0.1 dlraBo
g ; sFr1g 25,0 (172, 4) +0.1 $461370
o3 GFT118 5.0 (170.4) $+0.1 471740
T _ 4F 119 20,0 (137.¥) t0.1 8361160
« S Skite 20400 (137.9) $+0.1 YR U10
N 4k 10 15.0 (103.4) +0.1 UMF
' 6H120 15,0 1103,4) +0-1 UNF
N bh16 85,0 (379.2) 0.5 71740
il _ Sk 12 50,0 (344.8) +0.5 10r440
5L AF 14 0.0 (344.4) +0.5 1114800
- S 5h (4 ay.0 (275.9) +0.5 28 1880
x| Ar iy 4040 L2788 +0.5 315000
oy ar 14 0.0 L208.Y) +0.5 12beGv0
e arie 25.0 (172, 4) #0. 8 5617860
<A ok 14 5.0 (172.4) +0.5 J8&r159
e &bty 0.0 (137.%) +0.5 2331150
e 4k 14 0.0 (137.9) 0.5 INF
-
AN
fﬁ: , {1) ONF--did not fail; test ran to 10,000,000 cycles and stopped.
e
b
a:‘
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Figure 8. Unnotched axial-stress S/N curves for 7149-T73 hand forgings--
long transverse grain direction, 4, 4-1/2, and 4-3/4 inches thick.
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Figure 9. Notched axial-stress S/N curves for 7149-T73 hand forgings--long
transverse grain direction, 4-, ~-°'7, and 4-3/4 inches thick.
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Ti-15V-3Cr-3Sn-3A1 Sheet (Solution Heat Treated)

Background

Ailoy Ti-15V-3Cr-35n-3A1 is a near-beta titanium sheet alloy which can be
economically cold formed. The alloy is normally used in the solution treated
and aged condition. Several aerospace companies are using this product as a
replacement for aluminum sheet-metal structures because of economic considera-
tions. For the replacement of aluminum structure, the high strength properties
of solution treated and aged material are not required. Therefore, the Ti-15V-
3Cr-3Sn-3A1 sheet is used in the as-supplied, solution heat treated condition
to aveid the cost of heat treatment. Consequently, it was desirable to deter-
mine the mechanical properties of Ti-15V-3Cr-35n-3A1 sheet in the solution
treated condition so that design values can be subsequently determined. (TIMET
has provided mechanical property data for the determination of minimum design
values for the solution treated and aged condition.)

Material
The Air Force supplied ten lots of Ti-15V-3Cr-3A1-35Sn sheet which had been

produced by TIMET, The ten lots represented five heats for which the chemical
composition, as determined by TIMET, is shown below:

Percent
Element PB560  P6h6e 5698 S8373 59343
Vanadium 15.1 15.0 15.3 15.3 15.0
Aluminum 2.95 2.97 3.00 3.00 3.05
Chromium 3.05 .00 2.97 2.97 3. 14
Tin 2.9 3.00 2.98 2.98 2.58
Carbon 0.020 0.018 0.017 0.02) 0.013
Iron 0.145 0.016 0.016 0.016 0.140
ditrogen 0.013 0.010 0.021 0.021 0.013
Hydrogen -- - 0.012 0.006 0.007
Oxygen 0.130 .13 - -- --
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The chemica] compositions and tensile properties conformed to AMS 4914,
The size of the sheet received for testing and the heat number are shown

below:
Nominal
Thickness, Width, (Long. Grain Dir.) Heat
s inches inches Length, inches Number
;;;f 0.021 I 21 P6562
i
o 0.023 24 - 15 $8373

0.040 12 24 56928
0.051 19 22 _ 96560
0.052 17 20 P6562
0.056 15 28 58373
0.063 13 24 $9343
0.072 19 31 58373
0.113 24 24 P6562
0.116 17 20 P6562

i e

‘n
i

Location of Test Specimens

The location of test specimens is shown in Figures 10 through 12. The
following code system was used to identify test specimens:
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Lot Number

Type of Specimen
Grain Direction
Specimen No.

1, 2, 3, 4, etc.

[ Longitudinal
| Long Transverse

Tension
Compression
Shear

0.021" P6562
0.023" 58373
0.040" 56928
0.051" PE560
0.052 P6562
0.056* 58373
0.063* 59343
0.072* $8373
0.113* P6562
| 0.116* P6562

Bearing = B
Fatigue = F

(2 X By | -~

" #uu

QWO NDT WP ~—~

ol

Specimen Confiquration

The configurations of the test specimens are shown in Appendix 8. Due to
the limited quantity of material, it was necessary to reduce the width of the
bearing specimen from 2 to 1-1/2 inches. Also, it was necessary to restrict
the width of fatigue specimens to 3/4 inch. This design resulted in grip
failures in the unnotched specimens. The 3/8-inch-wide reduced section was
machined to 1/4-inch width for the remaining specimens.

26

Y . .
I P SN P N W W R IR S L W




;Iﬁv’l«%g

ﬁ"
£

T 3 G g
IR

=

Test Results

Tensile. The results of the tensile tests are shown in Tables 4 and
4(SI). In additicn to tensile yield and ultimate strengths, elongation and
modulus of elasticity values are indicated. Typical tensile stress-strain
curves for each grain direction are presented in Figure 13. The tensile
stress-strain curves were constructed in the same manner as those for 7149-T73
hand forgings.

Compression. The results of compression tests are shown in Tables 4 and
4(SI). Compressive modulus of elasticity values are listed in addition to
compression yield strengths. Typical compressive stress-strain curves are
presented in Figure 14 for each grain direction. The compressive stress-
strain curves were constructed in the same manner as those for 7149-T73 hand
forgings.

Shear. The results of tension-shear tests are shown in Tables 4 and
4(SI). The 0,021~ and 0.023-inch-thick sheets were not tested to determine
shear strength due to the anticipated instability of thin tension-shear speci-
mens during testing. Tension-shear specimens from the 0.113-inch-thick sheet
were tested by AFWAL Materials Laboratory.

Bearing. The results of the bearing tests are shown in Tables 4 and
4(SI). The 0.021- and 0.023-inch sheets were not tested to determine bearing
strengths due to the anticipated instability of thin bearing specimens during
testing. The bearing specimens from sheets equal to or less than 0.063-inch
thick exhibited instability during testing. Excessive bending of the besring
specimen invalidated some of the test results. The ultimate loads for e/D =
2.0 were most frequently affected for the thinnest gages. Bearing specimens
from the 0.113-inch-thick sheet were tested by AFWAL Materials Laboratory.

Fatigue. The results of axial-stress fatigue tests are presented in
Tables 5 and 6. A1l fatigue test specimens were taken from the 0.113-inch-
thick sheet. Fatigue tests were conducted only in the long transverse grain
direction utilizing unnotched and notched, Kt = 3, specimens. Tests were
conducted at three stress ratios, R= -0.1, R= 0.1, and R = 0.5, The fatigue
specimens for the R = 0.5 stress ratio were tested by AFWAL Materials Labora-
tory. Due to a limited quantity of material, the width of fatigue specimens
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Figure 13. Typical tensile stress-strain curves for Ti-15V-3Cr-3Sn-3Al
solution treated sheet.

15.006

Long transvérse -_______.._-"1
Longthudingl \/7/

STRESS. 102D °Si(X10 '}
STRESS, MPA (X 10

0 N T o.ot2
STRAIN '

- Figdaeiw. rypica comyressive stress-etrain curvas fm' T\‘MV 3Cr-35n- 3A1-
: ‘solution treated shzet,

.

.;,\b.‘.f‘“\\ J«.:t:" ‘.'!\' ‘;‘ft_‘.‘,-f..‘ \q. e \‘\" .




TABLE 5.

UNNOTCHED FATIGUE DATA FOR Ti-15V-3Cr-3Sn-3A1

SOLUTION TREATED SHEET--LUNG {RANSVERSE DIRECTION

MaLmum
Streay

ks

(MP3)

. al ae we - -

80.0
7000
70,0
65,0
65,0
6243
62,0
60.0
40,0

105.0
10%,0
Y9.0
H()bo
80,0
70,0
60,0
40.0
bbio
0,0
45,0

evIRY]
22
10,0
2- 1o, 0
T
110,90
[ 1) BN
Y. 0
Y99
YS90

(1) OKF--did not fail; test ran to 10,000,000 cycles and stopped.

{2) Failed in griﬁs.

(4) Stress ratio, R » + 0.5, tested by AFWAL Materials Laboratory.
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+0.1
+0.1
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+0.1

+o.5(4)
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(1) Cycle count outside of 10°-107. Not plotted.
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TABLE 6. NOTCHED, K, = 3, FATIGUE DATA FOR Ti-15V-3Cr-3Sn-3A1
XEATED SHEET --LONG TRANSVERSE DIRECTION

SOLUTION T

Srecimen Maxinun K-rat.i0 Lycles to
Stress FaLlure
ksi (K~3)

"o @e Mo om0 e o me

'1'.“'1"‘ “‘- -

-f_

a:

9F 122
YET24
9F128
PEVIL
PF130
PF 134
PF138
P 134
9FTA0

YET 4
PF12
yrig
PFfo
YEIL0
PEYIY
YFIld
PFi1é
yril14
vEL20

YFISY
PF1H6
L A AT ]
PEISL
Yri4d
9F 144
YE 144
VEIuo
Pr 160
PF1AR

40.0
30,0
30.0
20,0
20.0
15,0
15.0
10,0
10.0

40,0
60.0
40,0
40.0
25,0
45.0
20,0
2040
20,0
1h,0

90,0
80,0
70,0
$5.0
40,0
S0.0
49,0
35.0
32,9

30.0

(344.4)
(275.8)
(206.9)
(206.9)
(147.9)
(137.9)
(104.4)
(104.4)
( 49.0)
( 49.0)

(413.7)
(413.7)
(275.8)
(275.8)
(17:2.4)
(172.4)
(137,91
(147.9)
(104.4)
(108.:4)

(620.8)
(4h1.46)
(482.7)
(A48.2)
(a14./)
{344.,8)
(27%.8)
('41.8)
(324, 1)
(204.9)

81450
179110
2461450
331350
84440
Y4y320

248,130
LINF
LNF
UNF

6090
72110
20+ /40
L4300
789420
791490
19450/70
231 ? é;:’o
LINE

LINE

71800

104100
142200
1v»600
18000
J¥» 700
&My 300
114,600
1315900

ik

} S AP |

(1) ONF--did not fail; test ran to 10,000,000 cycles and stopped.
(2) Stress ratig, R 2 + 0.5, tested by AFWAL Materials Laboratory.
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Figure 15. Unnotched axial-stress S/N curves for 0.113 inch thick
T1-15V-3Cr-35n-3A1 solution treated sheet--long
transverse grain direction.
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" Figure 16, Notched axial-stress S/N curves for 0.113 inch thick
. T1-15V-3Cr-35n-3A1 solution treated sheet --long
transverse grain direction.
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was restricted to 3/4 inch. This design resulted in a tendency for grip
failures for the unnotched specimens. The 3/8-inch wide reduced section was
machined to 1/4-inch width for the remaining specimens. The fatigue data were
analyzed in accordance with Section 9.3.4 of MIL-HDBK-5 and S/N curves in
Figures 15 and 16 constructed accordingly. ~For the unnotched, R = +0.5 condi-
tion, only four test failures were obtained; consequently, those data were
excluded from the analysis and an S/N curve for R = +0.5 was not presented.
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15-5PH (H935) Corrosion Resistant Steel Castings

. Background

%’ A]lby 15-5PH precipitation hardening corrosion resistant steel castings

% . are similar to 17-4PH castings.  However, 15-5PH castings are reported to

: exhibit a more uniform microstructure containing less delta-ferrite. The
> improved microstructure, compared to 17-4PH, allegedly results in more consis-

tent mechanical properties. Also, 15-5PH is reported to be more resistant to
stress-corrosion cracking. Due to the increasing use of 15-5PH castings, it
was desirable to determine the mechanical properties for this product so that
design values can be subsequently determined.

Material

This alloy can be heat treated to various strength ranges by varying the
aging temperature. The H935 condition which provides a tensile strength of
170-200 ksi was selected for evaluation. The Air Force supplied nine different
casting configurations, Figures 17 through 25, which were suitable for the
removal of various types of test specimens. The castinys were produced by
Arwood Corporation, Bescast, Inc., and Hemet Steel Casting Company. The Arwood
and Bescast castings had received the following heat treatment by the supplier:
homogenize at 2100 F for 1-1/2 hours, gas quench, solution treat at 1900 F for
1-1/2 hours, oil quench, and age at 935 F, The Hemet castings were reheat
treated by the AFWAL Materials Laboratory using the same heat treat procedure
except for air cooling following exposure to the homogenization temperature.
(After cunpletion of this test program, comparison revealed no significant
differences in the mechanical properties of castings heat treated by the
suppliers and those heat treated by the AFWAL Materials Laboratory.) The above
heat treatment conforms to the procedure specified in AMS 5400. The composi-

. “tion limits for 15-5PH castings as specified in AMS 5400 is as follows:
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Location of test specimens for 15-5PH (H925) cylinder casting.
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Figure 25. Test specimen location for 15-5PH {H935) bellcrank casting.
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. Percent
Element Min. Max.

B

Carbon : 0.05
Manganese ~ 0.60
Silicon 1.00
Phosphorus 0.025
Sulfur - 0.025
Chromium 15.50
Nickel . 5.00
Columbium + Tantalum 0.30
Copper _ . 3.20
Nitrogen : 0.05

The tensile properties of the castings conformed to AMS 5400.

Location of Test Specimens

The location of the various test specimens was dictated by the size and
configuration of the casting. Duplicate rather than triplicate specimens were
tested due to the size and configuration of the castings. Bearing'specimens
could not be obtained from three castings, shaft, valve body, and cylinder, due
to the configuration of tha castings. Only two bearing specimens could be
excised from the A-bracket. Sketches of the castings showing the location of
test specimens for each casting are contained in Figures 17 through 25. The
following code system was used to identify test specimens:




><

R i AT S

Type of Specimen

[—————Specimen No.

Casting Name

1, 2, 3, 4, etc.

]
Tension

Compression

Shear

| Bearing

0 nu

[ Shaft

Valve Body
Cylinder

Impeller #1
Impeller #2
A-Bracket
Horseshoe Bracket
Triangle Bracket
{Bellcrank

8 4w ¥ U B H
1O 00 N U £ LWAY

Specimen Confiquration

The configurations of the test specimens are shown in Appendix B. Subsize
tensile, compression from valve body only, and bearing specimens were utilized
due to the size and configurations of the castings.

Inspection

In order to determine internal quaiity, the test specimens were radio-
graphed after machining. The specimens exhibited very good quality. The

acceptable defects in the test specimens did not exceed the requirement for
Grade B of MIL-A-21180.
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Test Results

Tensile. The results of tensile tests are shown in Tables 7 and 7(SI).
In addition to tensile yield and ultimate strengths, elongation and modulus of
elasticity values are indicated. A typical tensile stress-strain curve is
presented in Figure 26. The tensile stress-strain curve was constructed in the
same manner as those for 7149-T73 hand forgings.

Compression. The results of compression tests are shown in Tables 7 and
7(SI). Compressive modulus of elasticity values are listed in addition to the
compressive yield strengths. The averge compressive modulus of elasticity was
28,500,000 psi, compared to an average tensile modulus of elasticity of
30,400,000 psi. The compressive modulus for steels is normally higher than the
tensile modulus. The modulus values were calculated from information taken
from the load-deformation curves. It was necessary to use a different type
extensometer for the compression tests than for the tensile tests. It is
believed that this reversed relationship in modulus values is due to this
testing variable rather than a characteristic of the material. A typical com-
pressive stress-strain curve is shown in Figure 27.

Shear. The results of shear tests are shown in Tables 7 and 7(SI). The
commonly used double-shear, “rivet-tool" shear test was used so that the
resulting shear data would be comparable to existing shear data for other
precipitation hardening, corrosion resistant steel castings.

Bearing. The results of bearing tests are presented in Tables 7 and
7(S1).
Fatigue. Fatigue tests were not conducted due to the limited size and

configuration of the castings.

51

~d‘

\o’ \~:~i: ..‘:\C. )

! \.‘.“.'l‘.

A AT ST RR L
L) S ) N L \ \ v

AU IR LI N Tl Y PR RS IS AL I S
sl 00 Y \-.“ \1‘\'. ., l.{o \.A“nll‘ '. "n‘
b bl aA - . 24 '




Y PUL £ uIM (2 1 a\u uoh ageae:: :me_uwn«

—e0e 9L 9w 0 _[98l
9°0¢ 09 9°eLl 27081

ez

0°6 LIRTA 2°e6l

‘Bay

ltmlbmi:
n a~

—& il
€716l
0" sl

2L 99
08 L°sit
0L »-9l

(1)

yue4d( |39

13yoeug
atbueya)

‘lgl et
1762
1’82

(T4
€l
8'sit

¥y 28l
07261

YELELIT
aoysasioy

\‘-‘.b" IS 1Y

-

v

-,

0

A
¥ 0t
£°ot

.74 .
st
reu

19900Ig-v

¥y ot

"
‘2L
‘9L

A -
L 1

¥°89}
£°831
27991

20 sa|2091

2181

LAY

T4

9°y81
8781

¥'62
L | 4

¥l
€t

1o 33y 90w

oLt
6°9.1
6°SLL

—60¢
572t
£°62

02k 0°0Lt
06 1691

—£9581

£°581
6°081

606
6°0¢
v ot

Qe g4l
021 g2l
02t 9°tL1

1°181

7001
0-281

g1t
£°1le

0°¢l s°2Ll 08t

8/S

1Sy 15y (33 ]
‘yrbuaazs *yibuaazs{ *yibusuis

platA ajewtlln P{3tA ayewiln

[ $2)

‘yrbuaays

UT=0r3 §°t = a/3

Burazag

y1buass
ARIYS
ajemiILn

[$3 ]
*y3buauig

pLat

15% 01
*sninpoy

1% 01
“sn|npoy

Ju32ad
‘yotye
-Buoy3

33
‘yi1buaslg
pi3sA

32
‘ynbuasisg
NN

[ AISS9a0m0T

Jlisuay

s3]
‘uoiier01
uow
~$23dg 1@
$SAuxd Yy
*xoaddy

SONILSYD 1331S INVISISIY NOISOUBOD (SE6H) MIS-SL 30 SI11¥IJ0NI TWIINWHIM

T LA A

T

;lamtnf ..s.

; &ll‘lh..k.l\ ‘~w |
o Tt Al - 7 A e

T 38Vl

o,
LN
. Y

.t

o e

“e
B

o~
[T2]

2yt e
at
[z

0y

Ry

Y
k.

W

o %

PR T
YN ““‘

Y
X,

NN
s




‘p PUR £ FU3M 0°2 s (/3 ID) SIIQENU UIEYIS  ({)

86561 ¢ 2v9e 5691 6°6£02 07466 | _S5°96L [ A 640 S L 0 _9K02L _£{8Z] “6ay
8°6961 8°1£92 1°v291 9° 1v02 27264 L°E61 27yt 0112 09 0 611 L4 24 Z
8°G¥61 62592 8911 2°8£02 6°108 £°66% 9°5¢2t 8°%02 06 170121 t-eeet ] 9°Ly ELLZPIRE -]
b €002 1°28L2 9°1541 {'vete 2°es8 8561 9°8521 9°902 $°¢ g €121 0°BIEL “Bay
172002 6°¥9¢2 [T 8°9512 S 6v8 y¥61 s°gs21 ¥°242 0°'8 [ARYrd) 0°61€t Z
9°6661 ¥°66(2 8°62¢1 9°260¢ 07698 276l 8°€921 8°y02 0°¢ £°9121 6°91EY 1 121 ..um._u..uu
d{bueys}
6°6861 L 8492 9-49L1 6°6412 £7958 v pbl b 852} 2 651 o°'ri 0°£021 L0621 *Bay
v 9861 24092 1°28¢L1 £°2812 0°688 1°661 67621 T 8r02 (1 21 8°102¢ 9 4521 2
€°€E661 2°€692 ¥-2081 priLR y°858 1°861 81921t L E6L i 21 1"zt g'c2el L e J0YSISIOH
58261 571992 $°2991 0°690¢2 0°66L ¥y $61 2°%221 £ 602 Sl G°£021 9-8821 “bay
- - - - 0°66L 1°661 L°6121 9°602 0°st Lzt 2's2tt 2 i
G 8261 5°1992 v°2991 0°5902 0°56¢ LE6L L8221 6°802 1 2 9°5611 1°2s2t t 0°61 ; j9gdvig-y
v ye8l 8°6¥52 8-2191 S ib61 0°58¢ 8°¥61 272021 m.mmw 0°¢ » 1911 0°gz2l “Bay
8°6281 8°6v52 S v091 0-2e6l 6°18¢ t°661 r'6811 17202 08 2°£911 6°5221 F4
0°ev8l 8°6v52 0°t29l 0°€961L 1°88¢ ¥ V61 6°yi2t 5912 09 L7851 0-ot2t 1 £ty pe 43| (3duw]
p19902  _8'2v¢2 | _9°0S/L _6°001Z 2:£v8 5561 0-021 2:602 Q2L _0°6021 £80cl | bav
o't102 2°6LL2 0°2641 8°9¢c1e 0°9¢8 PAd Y 1} 8221 17202 (1] €°9121 0°0ttt F4
g gl 0142 £°60L1 0°5902 S 08 27161 €72t 8°s12 0-2t 21021t 9°90¢1 t y's2 le s3((dw]
- - - - 9°26¢4 2 661 2-91et gl 501 06911t ¥y o2t ‘bay
- - - - 9°g6l 6°L61 L°6121 1°v22 0-2! rAr3%1 y 6921 Z
- - - - S 6L 9°002 8212t 020z 0°6 675411t v et { Fardl sapuy 1)
- - - - _¥'998 |_€°002 _€°292% IML.EI 021 _2e6ll 0 8228l “Bay
- - - - ¥ 958 §°602 9°2£21 0-21 ¥y 1611 8°e2€l 4 .
- - - - ¥°958 1'561 £ 1v2t o.SN 0°zt 0°4611 g 12t | (el £pog
YL
- - - - v 6¥8 1.561 Level | _®'sig Q€L _pe8(l _ggez( “Bay
- - - - 0°9¥8 T 134 741 - - - - b
- - - - 0°258 8°661 679521 85tz (1084 | Y 68l 11 741 1 6°51 EF LG
edh edH OdH edW (Y] 249 L 7] 49 JuIdzad e ([ F] *ON - Jury
‘yrbuaars  ‘yibuaais | ‘yjbuauis ‘yibuaugg *y3buasis sninpoy *y3buaiis sninpoy ‘vopze  *y3buasns “yibuauig u u0} 310307 bujise)
piaty Jjewtyif piaty N uuwe_:: Aeays PLILA -6uo(3 4547 L2l IR RV -y2adg | vamydads 3
0°2 = /2 S°L =y/? ajewgIn EYYELE T i) ssaudiuy
(1) ‘Bujaeag Fo5340603 isun ‘x0.1ddy
SONTLSYD TIILS INVISIS3Y NOISO¥Y0D (SEeH) HAS-SU 40 SI11¥3408d IIINvHIM “{1S) ¢ 3MWvi

53




e

H
H

o

e

X gis)nss

o b

| Gy P

1000 PSI (X10

STRESS.,

Figure 26.

-
-

1000 PSI (X10

STRESS.

(! 1 5 1 . .

STRESS, MPA (X 10')

0.000
0.000

002  .004 .006 .008 .010
STRAIN

corrosion resistant steel castings.

Q
012

Typical tensile stress-strain curve for 15-5PH (H935)

16.000

1 1

STRESS, MPA (XI0")

Figure 27.

-004 008

STRAIN

Typical compressive stress-strain curve for
(H935) corrosion resistant steel castings.

15-5PH




Inconel 718 Sheet (Solution Treated and Aged)

Background

Because of its many attractive characteristics, Inconel 718 is being used
for applications other than for parts exposed to high temperatures. Therefore,
data for mechanical properties other than those critical for high temperature
performance are needed. Inconel 718 is currently contained in MIL-HDBK-5, but
design values for properties other than tensile yield and ultimate strengths
are missing. Consequently, it was desirable to determine the mechanical prop-
erties of Inconel 718 sheet in the solution treated and aged condition so that
design values can be subsequently determined.
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Material

The Air Force supplied eight heats of Inconel 718 ;héet in the solution
treated condition. The material had been produced to AMS 5596 by Inco Alloys
International (formerly Huntington Alloys). The chemical composition, as
determined by Inco Alloys, is shown below:

5
&
G
A

Percent
Element 6552EK 7737EK 17K0EK  12K1EK gsU?EK 67J6EK  JOJEEK  77J9EK

Carbon 0.04 0,03 0,04 0,048 0.04 0.08 0.06 0.04
Manganese 0.4 0.13 0.2 0.3 0.4 0,13 0,13 0.12
Iron 18.01 17,24 18.05 17,03 17.84 18.10 18.92 172.77
Sulfur 0.001 0.001 0.002 0.001 0.001 0.002 0.002 0.001
S{ilicon 0.28 0.25 0.13 0.5 0.2 0.21 0.25 0.25
Copper 0.2 0.10 0.20 0.23 0.6 0.5 0.17 0.20
Nickel 53.16 54,04 54.28 54.50 53.36 53,20 52.42 53.62

Chromium 18.28 18.14 17.63 17.39 18,29 18.18 18.28 18.30
Aluminum 0.48 0.54 0.5t 0.8 0.59 0.6 0.55 0.42
Titanium 0.83 0.92 0.93 093 0.97 0.95 0.91 0.8

i .
et YA P, ’ :
o i, ’ Ll £

- Cobalt 0.8 0.3 0.2 040 0.21 0.1 0.4 0.1

& : Molybdenun  3.05  3.27  3.03 3.05 3.04 3.2  2.95  3.09
g: Colunblum + 530 5.13 4.9 5.07 5.20 525 5.2 5.8
b srosphorus  0.013  0.011 0.013 0.013 0.013 0.01 0.012 0.01

2 Boron . 0.002 0.003 0.003 0.002 0.002 0.002 0.002 0.002
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The chemical composition and tensile properties conformed to AMS 5596.

The size of the sheet received for testing and the heat number are shown
below:

g
-‘_:‘l

Nominal
Thickness, Width, (Long. Grain Dir.) Heat
inches inches Length, inches Number

0.016 36 24 65J2EK
0.045 36 23 77J7EK
0.050 36 24 17K0EK
0.080 36 24 12K1EK
0.109 36 24 68J7EK
0.125 36 23 67J6EK
0.187 36 24 70J3EK
0.250 1 1 (3 pcs) 77J9EK

=,

TRNARI

RGP

B o §} PR AR ] AR g

The material was supplied in the 1750 F (1725-1825 F) solution treated
condition. After machining the test specimens were precipitation heat treated
in a vacuum furnace according to AMS 5596 as follows: Heat to 1325 + 15 F and
hold for 8 * 0.5 hours, cool at 100 + 15 degrees per hour to 1150 + 15 F for
8 + 0.5 hours, and cool in air to room temperature. This heat treat is used
primarily for parts requiring maximum resistance to creep and stress rupture.

Location of Test Specinens

The location of test specimens is shown in Figures 28 through 31. The
following code system was used to identify test specimens:
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Type of Specimen
Grain Direction

Lot Number
Specimen No.

1, 2, 3, 4, etc.

| Longitudinal = |
Long Transverse = T

Tension =T Bearing = B
Compression = C  Fatigue = F
ﬁgl Shear = §

0.016"  65J2EK = A
0.045" 77J7EK = B
0.050" 17KOEK = C
0.080" 12K1EK = D

0.109" 68J7EK = E
0.125"  67J6EK = F
0.187"  70J3EK = G
| 0.250"  77J9€K = H

Specimen Confiquration

The configurations of the test specimens are shown in Appendix B. Bearing
specimens from the 0.125-, 0.187-, and 0.250-1inch sheet were machined to 0.100-
inch thickness by removing an equal amount of material from each surface.

Test Results

Tensile. The results of the tensile tests are shown in Tables 8 and
8(SI). In addition to tensile yield and ultimate strengths, elongation and
modulus of elasticity values are indicated. Typical tensile stress-strain
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curves for each grain direction are presented in Figure 32. The tensile
stress-strain curves were constructed in the same manner as those for 7149-T73
hand forgings. '

Compression. The results of compression tests are shown in Tables 8 and
8(SI). The compression specimens from the 0.016-inch sheet buckled before the
yield strength was achieved. Thin compression specimens with high yield
strengths are prone to buckling during testing. Compressive modulus of elas-
ticity values are listed in Tables 8 and 8(SI) in addition to compressive yield
strengths. Typical compressive stress-strain curves are presented in
Figure 33 for each grain direction. The compressive stress-strain curves were
constructed in the same manner as those for 7149-T73 hand forgings.

Shear. The results of tension-shear tests are shown in Tables 8 and
8(SI). The 0.016-inch-thick sheets were not tested to determine shear strength
due to the anticipated instability of thin tension-shear specimens during
testing.

Bearing. The results of the bearing tests are shown in Tables 8 and
8(SI).  The 0.016-inch-thick sheet was not tested to determine bearing
strengths due to the anticipated instability of thin bearing specimens during
testing. The bearing specimens from the 0.045- and 0.050-inch-thick sheets
exhibited bending and instability during testing thereby invalidating the test
results.

Fatigue. The results of the axial-stress fatigue tests are presented in
Tables 9 and 10. A1l fatique test specimens were taken from the 0.109-inch-
thick sheet. Fatigue tests were conducted only in the long transverse grain
direction utilizing unnotched and notched, Ky = 3, specimens. Tests were
conducted at three stress ratios, R = -0.5, R = 0.1, and R = 0.5. The fatigue
data were analyzed in accordance with Section 9.3.84 of MIL-HDBK-5 and S/N
curves in Figures 34 and 35 constructed accordingly.
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solution treated and aged sheet.
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TABLE 9. UNNOTCHED FATIGUE DATA FOR INCONEL 718 SOLUTION TREATED
AND AGED SHEET--LONG TRANSVERSE DIRECTION.

A

s Tl S0

Sy B

sSgecLmen Masimum K-ratio Lucles to
b Stress : Fa1lure
ksi  (MPa)

CEF133 1700 (1172.2) 0.5 99240

EFTAY 170.0 (1172.2) ~045 10:099

EF131 © 140,00 (1103.2) -0.5 15,488

EF129 120.0 (8B27.4) 048 539791

EFY37 120,0 (827.4) 0.5 592951

EFT2A OO (551,6) 05 328,072

. EF 121 0.0 (5%1,8) “0.5 ' 344,199

S EF139 70,0 (482.7) -0.% 549799

5§ EF127 70,0 (A2, 2) -0.5 416,000
é? EFT2% S0.0 (344.8) ~04Y DNF (1)

W EF IS 170.0 (1122.2) +0.1 38,225

EF13 130.0 (8%4.4) +0.1 711348

eF111 130.,0 (8Y4.4) +0.1 931417

EFt19 100.,0 (689.9) +041 269104

EF 1 100.0 (4R9.32) +0.1 284,034

EFT113 80.0 (551.4) +0.1 100471060

EFV7 80.0 (551.8) +0.1 1r 3480427
EFI3% 20.0 (4B2.7) +0.1 - ()

EF117 45.0 (448,32) +0.1 LINF

EFT1Y 5.0 (4418.2) +0.1 DNF

EFin} 175.0 (1206,6) +0.5 862795

\ EF {43 170.0 (11722, +0. 4 13461036

A trrat 160.,0 (1103.2) +0.5 168,986

- EF1AY 140.0 (945.3) 0. Y ' 2630493

8 EFi1S3 140,0 (985.3) +0.5 270,866

2, EFTA47 120.0 (827.4) +0.5 S48 18U

- LFIDY 120.0 (827.4) +0.5 6101487

EFISY 110.0 (758.%) 0.5 754131%

EFIS9 100.,0 (48B9.3) +0.5 976+ 490

EFTAY 100.0 (&89.%) +0.Y DNt

(1) ONF--did not fail; test ran to 10,000,000 cycles and stopped.
(2) Failed in grips.
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TABLE 10. NOTCHED, K

AND AGED SﬁEET—-LONG TRANSVERSE DIRECTION.

Srecimen Maximun R-ratio

In Stress
ki (MF3)

EFY44 100,00 (689.35) -0.9
EF154 100.0 (48Y.%) 0.8
EF144 80,0 (551.4) 0.5
EFYSe 60,0 (414,7) -0,
V22 60.0 (413.7) -0.%
EF 150 40,0 (27%.8) -0.9
EF152 30,0 (206.9) Qe
EFiSs 30,0 (206.,9) -0.9
EF160 25.0 (172.4) ~Qed
Ert20 120.0 (827.4) +0.1
EF164A 100.0 (689.Y) . +0.1
EFT14 0,0 (420.6) +0.1
EF12 B0.0 (551.8) +0.1}
Erily 43.0 (448.2) +0.1
EF14 50,0 (3d44.8) +0.1
EFY14 0.0 (344,.8) +0.1
EFIR 45,0 (A30.3) +0.1
EFIL12 45.0 (310.%) +0.1
EFt10 40,0 (2725%.8) +0.1
kr i1 b 30.0 (2046.%) +0.1
EF tan 160.0 (1104.,2) +0.%
EFV 38 1950.0 (1034,.9) +0.5
EFT144 140.0 (945.3) +0.%
E+T32 1200 (827.4) +0.9
EF130 100.0 (689.9%) +0.9
EFV28 80,0 (35%51.6) +0.35
EF142 80.0 (341.6) 40.9
EF 126 70.0 (482,7) +0.4
EFT24 40.0 (A13.7) +0.5
EFT140 60.0 (413.7) +0.95

(1) ONF--did not fail; test ran to 10,000,000 cycles and stopped.

(2) EFTS and EFT6A are the same specimen.
then retested at 100 ksi.
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= 3, FATIGUE DATA FOR INCONEL 718 SOLUTION TREATED

Cycles to
Fc1lure

4,950
4y»9Y90
10,310
J4964610
331400
763820
244+ 310
/6680
591209720
DINF

72430
12+920
21144690
242920
32100
Y8139

3092560
2911290
277,210
DNF¥
UNF

12:820
1%9520
19,800
34,230
60+410
899210
13%, 380
318,980

DNF

ONF

After testing at 30 ksi, EFTS was
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Figure 34. Unnotched axial-stress S/N curves for 0.109 inch
thick Inconel 718 solution treated and aged sheet--

long transverse direction.
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Inconel 718 solution treated and aged sheet--'ong
e transverse direction,

b 12
&)

N, v
O S T N S T SO
. . :
AW L T A ST A TR R ML LN RISATEN
2 A AN A LN A AL RN DL NS NE e B TS W B e s Ty

R UL I T P - NN . et
et tete N - N v et s . aL_ e L. I .
PRI TR T TR YO IR WA A RSN LIRS L AR TR ot a Ve YL, e,

e R N N N Ny gyl -

h




APPENDIX A

TESTING PROCEDURES




APPENDIX A

TESTING PROCEDURES

Tension Tests. Tension tests were performed at room temperature in

accordance with ASTM E8. Flat specimens were utilized for sheet while round
specimens were employed for castings and hand forgings. Subsize round speci-
mens were used as necessary whan the size of the product would not accommodate
full-size specimens. The strain rate was 0.005 inch-per-inch-per-minute, as
indicated by a strain pacer, until yield strength is exceeded, after which the
rate was increased to 0.1 inch-per-inch-per-minute until failure. The tensile
yield strength at 0.2 percent offset, tensile ultimate strength, elongation,
and the tensile modulus of elasticity were obtained from this test.
Compression Tests. Compression tests were performed at room temperature

in accordance with ASTM EY, Cylindrical specimens were used for castings and
hand forgings. ‘ne ends of the cylindrical specimens were parallel to 0.0002
inch and fixturing was used to maintain alignment during testing. For sheet,
flat specimens were utilized and tested in a North American-type compression
fixture. This fixture will accommodate sheet specimens 1 by 3 inches and up to
about 1/4-inch-thick. The ends of the specimens were parallel to within 0,0002
inch. An extensometer, similar to ihe extension type, was fastened to the
specimen at very small notches spanning a 2-inch gage length. The strain
signal was generated by a linear differential transformer which was part of the
extensometer with readout on an autographic recorder. For all tests the strain
rate was 0.005 inch-per-inch-per-minute until yield strength was exceeded.
The compressive yield strength at 0.2 percent offset and the compressive mod-
ulus of elasticity were obtained from this test.

Shear Tests. Srear tests were conducted at room temperature. For sheet
material, the tensile shear specimen, as specified in Standard Test Procedure
ARTC-13-S-1, was used. For 15-5PH (H935) castings, a 0.250-inch-diameter,
deuble-shear specimen was used. For 7149-T73 hand forgings, shear-pin-type
specimens were tasted in an “Amsler" shear tool which minimizes bending of the
shear specimen. The shear strength of aluminum alloys may vary with grain
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direction. Consequently, the identity of the grain orientation of shear speci-
mens was maintained and the shear specimens were positioned in the shear
fixture so that the loading direction was according to MIL-HDBK-5 Section
3.1.2.1.1. A rivet-shear type fixture was used to test shear specimens from
15-5PH (H935) castings. The ultimate shear strength at room temperature was
measured.

Bearing Tests. Bearing tests were conducted at room temperature in

accordance with ASTM E238. Bearing specimens were full thickness except for
products over 0.100-inch thickness, for which the bearing specimens were
machined to 0.100-inch thickness. A1l tests were “"clean pin" tests as defined
in the above specification. The ultimate bearing strength and bearing yield
strength at e/D ratios of 1.5 and 2.0 were measured. (The ratio of the
distance between the centerline of the test hole in the bearing specimen and
the edge of the specimen (e) to the diameter of the bearing hole (D) defines
e/D.)

Fatique Tests. Fatigue tests were conducted at room temperature in
accordance with ASTM E466. Axial-stress tests were performed on unnotched and
notched specimens to define an S/N curve between 103 and 10’ cycles. Tests
were conducted in the long transverse direction for sheet and hand forgings.
Tests were conducted on smooth, K; = 1, and notched, K = 3, specimens at three
stress ratios.
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Figure B-1. Tensile specimen for 7149-T73 hand forgings.
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Figure B-2. Subsize tensile specimen (short transverse)
for 7149-T73 hand forging.
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Figure B-3. Compression specimen for 7149-T73
hand forging..
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Figure B-6. Unnotched fatigue specimen for
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b7

Nl
Feti

S
s
=t
—
3

I

5

" s
]

1
ks

EE ' Lgﬂ
60° V=notch 0013 root rodius
Note: K230

Figure B-7. Notched, K, = 3, fatigue specimen
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79




.~ | "
P M

G ]
A

L)
~
3

L)
%
"
g
~N

| PR
2t M
o
w
e
O
. 3
(=]
[«]
~nN
o
w
o
G
"
o
[«]
N

4
ﬂﬁl
(@]
T o
g
I

t

ﬁ 780" ¥

I i

225" %0 l 187 *9

 ——————y

e
LM,

AJ
N
\

%04
3.0“

Notes: | Goge length must not be undercut at ends.
2. T=Thickness of sheet.

Figure B-8. Tensile specimen for Ti-15V-3Cr-
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Figure B-9. Compression specimen for Ti-15V-3Cr-
35n-3A1 sheet.
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Figure B-10. Tension-shear specimen for Ti-15V-
3Cr-3Sn-3A1 sheet.
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Figure B-11. Bearing specimen for Ti-15V-3Cr-
35n-3A1 sheet.
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Figure B-12, Modified unnotched fatigue specimen
for Ti-15V-3Cr-35n-3A1 sheet.
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Figure B-15. Subsize tensile specimen for
° 15-5PH (H935) casting.
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Figure R-16. Compression specimen for
15-5PH (H935) casting.
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Figure B-17. Subsize compression specimen for
15-5PH (H935) casting.
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Figure B-18. Shear specimen for 15-5PH
(H935) casting.
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Figure B-19, Subsize bearing specimen for
15-5PH (H935) casting.
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Figure B-20, Tensile specimen for
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Figure 8-21, Compression specimen for
Inconel 718 sheet.
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Figure B-22. Tension-shear specimen for
: Inconel 718 sheet.
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Figure B-23. Bearing specimen for
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Figure B-24. Unnotched fatigue specimen for Inconel 718 sheet.
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Figure B-25. Notched, K. = 3, fatigue specimen
for Incone! 718 sheet.
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