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PREFACE

This final report was submitted by Battelle's Columbus Laboratories,
505 King Avenue, Columbus, Ohio 43201, under Contract F33615-77-C-5036 with
the Air Force Wright Aeronautical Laboratory, Wright-Patterson Air Force Base,
Ghio. Mr, C. L, Harmsworth (MLSA) was the laboratory project monitor. This
report covers the period of work from April 25, 1977, through August 29, 1980.
This report was submitted by the author, Mr. Paul E. Ruff, in August 1980.
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SUMMARY

The results of this test program indicated that the existing design
values in MIL-iDBK~SC for 2024-T42 extrusion are not appropriate for all
thicknesses. Most of the existing "derived" properties, Ftu(LT), Fty(LT),

Fcy’ Fgu» Fbru’ and Fb , are unconservative above one-inch thickness with
soime of the existing vﬁues unconservative below this thickness. Consequently,

E new design allowable properties for 2024-T42 extrusion were deternined in one-
= quarter-inch increments through 2% inches thickness and are presented in
E: Table 10. These new design values were based upon the data obtained from tias
¥ ) test progran and existing data. The data were analyzed in accordance with
SR MIL-HDBK-5 guidelines.
3 !
i l Based upon the data from this test program and existing data, nissing
3 design values for Ti-6A1-2Sn-4Zr-2Mo, duplex annealed, sheet, have b:en
3 determined. Specifically, design values for F.ys Fprus and Fy have been
X developed for four thickness ranges for sheet 26.187-inch maximum ttickness)
= and are shown in Table 21. A room temperature E_ value, and an elevated
- temperature curve, Figure 43, for E_, were estabfished. Also, an elevated
temperature curve, Figure 41, for Fcy was also deterained.
'; These new design data have been prepared in MIL-HDBK~5 forpat to
3 facilitate incorporation in the next MIL-HDBK-5 revision.
3 {
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INTRODUCTION

The Military Standardization Hand5ook, MIL-HDBK-5, is recognized as
the primary source for desagn allowable data required by the Department of
Defense (DoD), other Government agencies, arnd aerospace contractors responsible
for aerospace vehicle design. The Handbook contains design allowable data on
metallic materials, fasteners, joints, and other structural elements. The
raintenance of this document is achieved through the cooperative efforts of the
Air Force, Navy, Army, Federal Aviation Agency (FAA), and industrial users and
suppliers of metallic a2erospace materials. The DoD has designated the Air
Force as the activity responsible for preparing this Handbook. As such, the
Air Force Wright Aeronautical Laboratory (AFWAL) has contracted with Battelle's
Colurbus Laboratories (BCL) to provide the planning, coordination, implementa-
tion, and testing necessary to develop and maintain current design allowable
data and other related information in MIL-HDBK-5.

Other final reports have described in detail the functional and
technical activitjes performed by BCL in connection with the MIL-HDBK-5 program.
Since the functional as well as some of the technical activizies are somewhat
repetitive from year to vear, this final re.ort describes an experimental test
progran to develop certain MIL-HDBK-5 design allowable properties for
several materjals.

Most of the design allowable prcoperties in MIL-HDBK-5 are determined
from existing data. However, frequently data are lacking or inadequate to
establish needed design properties. Data may be lacking for izportant design
properties even though an alloy may have been used in the aerospace industry
for many years. Sometimes it is desirable to verify existing design values in
the Handbook. In addition, new heat treatments and new product forms may be
developed for an existing alloy, thereby creating a need for applicable design
properties. Also, MIL-HDBK~5 guidelines are continuously revised to provide
for the inclusion of new types of data, such as fracture toughness and fatigue-
crack-propagation data. For these reasons testing is often necessary to
supplerent data available from the literature.

Based upon interest expressed by the MIL-HDBK-5 Coordination
Cormittee, availability of existing mechanical property data, and the avail-
ability of test materjal, two materials, 2024-T42 aluminum extrusjion and Ti-
6A1-2Sn-4Zr~2Mo, duplex annealed sheet were selected for this test progran.

OBJECTIVE

The objective of this test program was : (1) to verify the existing
roon temperature design values for 2024-T42 extrusion and (2) to detexmine
missing design values for Ti-6A1~25n-4Zr-2Mo, duplex annealed, sheet.




EXPERIMENTAL PROCEDURES

2024-T42 Aluminum Alloy Extrusion

Background - MIL-HDBK-5 currently contains in Table 3.2.3.0(j) a
single set of design values which are applicable to all thicknesses for
2024-T42 extrusions. From this same table it is evident that tiie Fyy(LT)/
Fry(L) ard the Fry(LT)/Fey(L) ratios decrease significantiy with increasing
thickness tor ZOZX-TA, '1‘3;10, and T3511 extrusions. It is beljeved that
these ratios shouid follow this same trend for the T42 temper.

Investigations revealed that design values for the T42 temper first
appeared in MIL-HDBK-5, dated March 1959, which included items approved at
weetings 1 through 16. However, a review of the agenda and minutes of these
meeting did not reveal the basis for these design values. It appears that
the bearing ratios were based upon a "rule-of-thumb", which was sometimes
used for aluzinun alloys at that time, as follows: Fpry/Fruy(e/D = 1.5) = 1.5,
Foru/Feule/D = 2.0) = 1.5, Fbry/!-‘ty(e/b = 1.5) = 1.4, and Fbry/Fty(elD = 2.0)
= 1.6. Item 66-20, "Derived Properties for Heat-Treated-By-User Tempers",
was established ac the 33rd meeting. Proposals containing design allowables
wvere to be prepared based upon a forthcoming Air Force Materials Laboratory
report, providing additional data could be obtained. Since additional data
were not available, this item was cancelled.

A literature search revealed that tensile, coxmpression, shear, and
bearing data for 2024-T42 extrusions were containea in reference (1), pre~
sumably the report mentioned in Itex 66-20. However, only five lots
vere tested in reference (1). Consequently, testing of additional lots was
required in order to compiy with MIL-HDBK-5 guideline requirements for the
deternination of design values. Since the basis for existing design values
for the T42 temper could not be determined and the likelihcod that the
existing values were based upon limited data. it was desirable to conduct
a test program to resolve this matter.

sy g b e d b AN L

Test Plan - As defined in Chapter 1, Section 1.4.i.3 of MIL-HDBR-5,
derived values are those room temperature wmechanical property values that are
established through their relationship to directly calculated (or specification)
values for room temperature Fp, and Fy,. The guidelires for the presentation
of data are described in Chapter 9, Section 9.2.9.1, of MIL-HDBK-5 and requires
at least ten pairs of measurements, each representing a single lot cf material.

(1) Brownhill, D.J., et al, "Mechanical Properties, Including Fracture
Toughness and Fatigue, aud Resistance to 3tress Corrosion Cracking,
of Stress-Relieved Stretched Aluminum Alloy Extrusions", AFML-TR-
58-34, Aicoa, February 1978, MCIC No. 71819.
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Table 1 shows the test plan to acquire the necessary data. Room
temperature tensile, compression, and bearing 3ata for five lots (heats) were
available in reference (1). Shear data vere available for three lots in
longitudinal direction and two lots in long transverse direction in reference (1).
The data in reference (1) covered the following thicimesses: 0.064, 0.083, 0.430
0.500, and 2.562 inches. Thercfore, to span the thickness range through 2.562
inches, seven lots of extrusions preferably between 0.500 and 2.562 inches
in thickness were needed. A reques: was made to aercspace companies participating
in the MIL-HDBK-5 program for test material. Since the T42 temper is s “heat-
treated-by-user temper"”, it was believed that representative T42 material
would be obtained from aerospace companies.

Material - Only the Boeing Company could supply test material.
Seven heats of extrusions in various thicknesses were received from Boeing
as follows:

Size, in. Shape Supplier Lot No.
ix 2-1/4 Rectangle Alcoa 389719
1-1/4 x 2-1/4 Rectangle Alcoa —
1-1/2 x 2-1/2 Rectargle Alcoa 356925
1-3/4 x 3 Rectangle Martin Marietta 89/551089
2x2 Square Alcoa 354753
5/16 x 2 x 3 Angle Alcoa E£93641A

— Zee Conalco 93162P-X

The test material was produced to QQ-A-220/3 and represented three suppliers.
Boeing heat treated the extrusions to the T42 tewper.

Test Specimens - Since single tcsts were used in reference (1).
single tests were utilized in this pregrar so as to avoid bias of the data.
The configurations of the test specimens are showr in Figures 1 through 4.
Because of the size and configuration of the extrusions, subsize tes* speci-
mens were required. In order to minimize test variables, the configu.stion
and size of the test specimens were similar to those used in reference (1).
Longitudinal specimens were machined from the following locations:

»
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b Location of Axis of
B> Specimen With Respect To
E Thickness (T) and Width (W)
- of Predominant Section
4 X Thickness, — Width
& } in. Thickness < 1.500 in, >1.500 in.
< 0.500 T/2 _— J—
3 0.500 to 1.500 incl. T/2 w/2 w/4
L > 1.500 T/4 — w/4

All long transverse specimens were taken from the T/2 location. These specimen
locations were the same as those used in reference (1). Specific locations of
ths Cest specimens are shown in Figures 5 through 18.

Testing - All specimens were tested at room temperature in the “as
recejved" T42 temper in accordance with the procedures described in Appendix A.
The results of the mechanical property tests are shown in Table 2. All lots
1 conforced to the minimum longitudinal tensile properties specified in 0%-A-
200/3.

Analysis - As previously indicated, “erived values refer o those
‘ rocn tezperature mechanical property values that are established through
their relationships to directly calculated (or specification) values for
[ I rooz texzperature Fg, and Fty. The procedure is applicable to Foy, Fgys Fprps
: and Fpyy, and involves the pairing of SUS and BUS measurements with TUS measure-
- nents for which Fg,, has been established. Likewise, CYS and BYS measurements
3 are paired with TYS measurexents for which Fy, has been estzblished. Tensile

properties in grain directions not covered by specification are also derived
in a similar canner.

Using the above rclationships, reduced ratfos for the various "unknown"
. properties vere deternined using the computational procedure described in
Chapter 9, Section 9.2.9.2 of MIL-HDBK-5. The specified test directfon for

iy

i te)

extrusions is longitudinal. Consequently, the individual test values for
longitudinal and long transverse compression yield and bearing yield strength
\ were paired with the corresponding individual test values for lengitudinal
. tensile yield strength. Similarly, the longitudinal and long transverse
skzar and bearing ultimate values were pajred to the corresponding longitudinal
R ; tensile ultimate vaiues. Long transverse tensile yield and ultimate stcength
i H values were paired to corresponding longitudinal tensile properties. Tae
% tensile, compression, shear and bearing ratios are shown in Table 3 for the
! raterial tested. Keduced ratios were computed using the following equation
& vhen the ratios did not vary with thickness:
=
£
3 R
E
v 37

&~

Y

Ly

-~
7
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where R = reduced ratio

T = average of n ratios
s = standard deviation of the ratios
ty.95 © the 0.95 fractile of the t distribution corresponding

to n-1 degrees of freedon

n = nucber of ratios.

When the ratio varied with thickness, the fullowing eguation was used in
regression analysis:

(x - Zx/n\)2

- 1 )
R=r' -t sW= 4 e
0.95 '
n (£x2> - (Zx)zln
vhere R = reduced ratio
T' = mean ratio for specific thickness, Xo
s' = standard error of estimate
to.05 = the 0.95 fractile of the t distribution corresponding

to n-2 degrees of freedoz
n = number of ratios
x, = specific thickness

x = individual thickn.:ss values for ratios.

A cozputer progra was used ¢c perfor= the analysis. The results are sheun
in Tables 4 through 8. A plot of ratio versus thickness ic depicted ain Figures
13 through 28. A sumzary of the computed reduced ratios is presented in Ta 9.
All of the reduced ratios, except CYS(L)/TYS(L) and SUS(L)/TUS{L),
exhibited regression with increasing thickness. Due to the severity of the
regression for soue propert’es, it was decided to present design values irn
1/4-inch increments up to 2-1/2 inches in thickness. The reduced ratios in Table 9
were oultiplied by the TUS(L) or TYS(L) specification value to obtain the design
values shown in Table 10. Normally, shear and bearing allowables ares not shown by
grain direction. The lower reduced ratio for either grain direction vasz used to
cozpute the design value for shear ultimate strength. Existing Table 3.2.3.0(3)
has been revised to delete the T42 femper and the revision is designated Table
3.2.3.0(j1) as illustrated in Table 1l.
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= i TABLE 4. LIST OF RATIOS VERSUS THICKNESS FOR

e -

E i 2024-T42 EXTRUSION

3 TUSILTI/ZTUSCLY TYSCLTI/TYS(L) _ THICKNESS

= b3 1.063 «978 864 (from ref, (1))
2 1.01¢ 1.019 ¢083 (from ref.(1))
= 3 1.052 __1.019 _e313 -

! [ 996 «99¢ 430 (from ref.(1))
53 s _ 897 . o872 «3CC (from ref.(1))
2 6 «920 «946 2e5CC

: 7 <869 836 1.250

.: 8 «824 +8CH 1.5CC

E 9 o818 «258 1.786
# ‘ 10 .806 .822 1.750

3 11 +809 ~799 2.00C

| 12 o747 o776 24562 (from ref.(1))
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_ _TABLE 4._ CONTINGED _

STATISTICS FOR 7YHE PLOT OF TUSILT)/ZTUS(L)

VERSUS THICKNESS FOR

_ REGRESSES LINE IS

Y = 1.0367 =-.1235 X (THICKNESS)
NUMBER OF DATA= 12

STANDARD DEVIATION OF Y = .1(72

'STANDARD ERROR OF ESTIMATE -
fOR EFFECTIVE SCATTER ABSUT THE LINE)= (358

R=SQUARED STATISTIC= 88.87

95 _PERCENT T_FACTOR= 3.812

95 PERCENT CONF.
LIMITS ON B(1) ARE 1.0046 A&ND 1.0687
AND ON B(2) ARE ~e1472 AND -eL997

SIGNIFICANT REGRESSION _ YES

MEAN AND REDUCED RATIO FOR SELECTED THICKNESSES

THICKNESS _MZAN RATI0 REDUCED RATIO

.25C 1,506 .878
560 .975 +851
.750 <96 .924
L 3.009 .913 -89k
1.250 282 . 863
1.500 .951 .83¢
1.750 o321 .725
2.00c .790 <761
2.25¢ .759 <726
_2.580 ____ aT28 4690
2.750 637 <656
3.0C0 .656 .67
10
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TECHNICAL LIBRARY. _ _ _ -

TABLE 4., CORCLUDED

_STATISTICS FOR THE PLOT OF TYS(LTI/TYSIL)
VERSUS THICKNESS FOR
2024-T42 EXTRUSION .

s

REGRESSED LINE IS —
Y = 1.0023 <«¢0995 X (THICKNESS)

NUMBER OF DATA= 12

STANDARD DEVIATION CF Y = ,§913

STANDARD ERROR OF ISTIMATE
{OR EFFECTIVE SCATTER ABOUT THE LINE)= .0423

R-SQUARED STATISTIC= 78.57

ardeniedid fe ke SR el X R LR

95 PEZRCENT T FACTOR= 1.812

2
s

95 PERCENT CONF.
LIMITS ON (1) ARE «964k  AND 1.0412
AND ON B(2) ARE -.127¢ aND ~e07:5

SIGNIFICANT REGRESSION  YES

HMEAN END REDUCED RATIO FOR SZLECTED THICKNESSES

THICKNESS HEAN R&TIG_ REIDUZED &4TIO

SRR M B A

.250 «877 « 545 %
<508 .953 .925 5
.750 .928 . 854 g
1,000 _ 303 . 882 k|
1.250 678 855 K
1.5(0 «853 .828 e
1.75¢ «828 .799 E
2.000 +863 .77¢C §
2.250 «778 730 B
24506 _  .T5% #7085 §
2.756 $728 7 87T T T =
3.0LC fT0L « 646 =
1

5

&

1 3;
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E: 1 TABLE 5. LIST OF RATIOS VERSUS THICKNESS FOR
= | 2024~T42 EXTRUSION
4 CYSELIZTYSIL) __ SYSILTI/ZTYS(L) THICKNESS
¢ 3
s - 1. 1.007 1.067 + 064 (from ref.(1))
= 2 1.058 1.055 <083 (from ret. ()Y
> 3 1.062 1.081 e3:3
{ 4 1.025 2.05¢ « &3¢ (from ref.(1))
3 5 1.007 0.000 .5¢0 (from ref.(1))
6 1.073 1.019 1,000
7 1,045 «89% 2.25C
: s 1,528 “87C 1,56
9 9 1.017 . €26 1.760
e 18 1,047 o871 1.75C
| 11 1.630 852 2.t0C
E 12 .976 «B1L 2.562 (from ref.(1))
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TECHNICAL LIBRARY

TABLE 5. CONTINUED

STRTISTICS FOR THE PLDT OF CYS(L)/TYS(L)

B A T I

Aomep

VERSUS THICKNESS FOR
_ 2024-T42 EXTRUSION

REGRESSED LINE IS

Y = 1.04%6 =-.03122 X (THICKNESS)
NUMBER OF DATA= 12
STANDARD DEVIATION OF Y = .0275

STANDERD ERROR OF £STIMATE

(OR EFFECTIVE SCATTER ABJUT THE LINE)= 0269

R-SOUARED STATISTIC= 4.73

95 PERCENT T FACTOR= 1,812

S5 PERCENT CONF.
LIKITS ON B(1) ARE 1.0206 AND 1.C687
ARD GN B{(2) ARE -«630{ AudD « 0156

SIGNIFICANT REGRESSION ND

MEAN RATIO= 1.031

REVISED T _STATISTICS  1.796

REDUCED RATIO= 1.017
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TECHNICAL LIBRARY - S T o

TABLE 5. CONCLUDED

STATISTICS FOR THE PLCT OF CYS(LTI/TYS(L)
VEESUS THiCKNESS FOR
2024-T42 EXTRUSION

IEGRESSES LINE IS .
Y = 1.0647 =41132 X (THICKNEZSS)

WUMBER OF DATA= 11

STANDARD DEVIATION OF Y = .1304

STANDAARD ERROR OF ESTIMELTE
(0% EFFECTIVE SCATTER A20UT THE _INE)= ,{337

7-SQUARED STATISTIC= 6&.75

C5 PERCENT 7 FACTOR= 1.533

‘“h___.
[
i
|

95 PERCENT CONF.
LIMITS ON B(1) ARE 1.0521 AND 1.1172
AND ON 8(2) ARE =+1365 AND -+ 090C

SIGNIFICART REGRESSION YES

MZAN AND RECUCZD RATIO FOR SFLECTED THICKNESSES

THICKNESS HEAN RATIO REGUCED RATIC

' «250 1.056 1.028
' _+50C 1.028 1.00&
750 1,535 .979
1.30C .971 .353
1.25C -k 287%
, 1.530 «925 .895
“iJrss . 887 .863
2.005 . 858 .83z
2.258 .83C .798
2.53D «852 «765
2.75% L7173 T T 3T B
2,200 . 745 .698
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TABLE 6. LIST OF RATIOS VERSUS 14ICKNESS FOR k.
2024-T42 EXTRUSION

SUS(L) /TUSILY SUSILTI 7TUS(L) THICKNISS o

%

1 .705 +653 +313 3
2 <536 <525 « 630 (from ref.(1)) 3
3 b9 ) «00¢ +530 (from ref.(1)) 7
4 <636 <60 1.0C¢ 5
5 +533 542 1.25¢0 =
6 «504 »523 1.50¢C =
T . _e528 +523 1.700 2!,
) 514 <516 1.758 4
9 537 .52% 2.c00 9
16 o476 463 2.562 (from ref.(1)) i
E
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TABLE 6. _CONTINU-EP B
STATISTICS FOR THE PLOT OF SUS(L)/TUS(L)
T VERSUS THICKNESS FOR

_ 2024=T&2 EXTRUSION _

REGRESSED LINE IS
Y = .83kl -.0521 X (THICKNESS)

NUMBER OF DATA= 1§

STANDARD DEVIATION CF Y = 073

STANDARD ERROR OF ESTIMATE B
(OR EFFECTIVE SCATTER &BOUT THZ LINE)= .(623

R-SCUARED STATISTIC= 21.45
95 PIRCENT T FACTOR= 1.860

95 PERCENT CONF,

LINITS ON 511) ARE .5370 AND +691
ANG ON B(2) ARE  -.1041 AND 1134

SIGNIFICANT REGRESSICN _ NO o

HEAN RATIO= «546

REVISED T STATISTIC= 1.833

REDUCED PRATIO= 506
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TECHNICAL LIBRARY - _—

_ TABLE 6. (CONCLUDED

T: 1 STATISTICS FOR THE PLOT OF SUSILY)/TUSI(L)
$ VERSUS THICKNESS FOR

‘I REGRESSED LINE IS

E Y = .62(t -.5562 X (1HICKNESS)

3 NUMBER OF 3aTa= 9

| STANDARD 3EVILTION OF Y =  .954%

< - gsTImaTe - T
’_ TER LZOUT THE LINZ)= 377
X-SQUAIEC STATISTIC= S1.29

5 PEIRIENY T F-L70OFP= 1.5565

€5 PERCENT CONF,
E LIMITS ON B(21) £«E «5845 ANT 6771
AND ON 8(2) ARE -.5926 ANC -+« §15S

B SIGNIFICANT REGRESSION  ves

3l

i~ MEAR AND IESUCED RATIO FOR SILICTZID THICKNISSES
g _THICKNESS MEZN RATIO  REDUIED RATIC

8- 258 «6C7 «553
! 533 +563 «552

; <758 <579 #5453
b 1.3508 «565 «536 -
g . 1255 <551 .525
3 1.550 «536 511
e 1.756 .522 Y-
i 2.83¢ .5C8 %75
b 2.252 PA-1A S
2.559 ST 4433
o 2750 77T J4Es TR T :
ey 3.235 452 .383
™ Y
{ 17
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T/BLE 7. LIST OF RATIOS VERSUS THICKNESS FOR

k= 2024-T42 EXTRUSION
‘2 BUSELI/TUS(L 1.5  BYSILI/TYS(L)1.S  THISKNESS
4 1 1.597 1.692 +06% (frow ref.(1))

ks 2 4483 4773 B8 3~(rroE Ter (T
S, 3 1. 603 1.5601 o313
: 0 ] - —1+392 1465 %3 8 {from Ter (1)

2 5 1.347 1.347 500 (from ref.(1)}
° H 1} “1e52% 15655 —1500¢0

2 T 1.351 1.266 1.250

“ 13 133 1298 4508 —

Ee 9 1.008 1.307 1,700

~19- -+<322 ————$. 297 1,759

. 11 1.151 1877 2.000

: —42 38— — 4295 — —————2.56 2 (frooref (-
.
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TECHNICAL LIBRARY

TABLE 7. CONTIKUED
STATISTICS FOP THE PLOT OF BUS{L)/TUSILIL.S

2024-T42 IXTRUSION

PEGRESSES LINE IS
—— 15— 2 B U RNE S S ————

< P

AATA
WURELRTUIMLRTR= LY S

STANDARD CEVIATION OF—Y—1336—

— - STANDARD—ERRORIF—ESTT 12 ¥E
(OR EFFECTIVE SJATTER 2EOUT THE LINE)= D342

P-SQUAKEJ STATISTIC= 59.20

95 PFRCENT T FLITOR= 1.812

95 PFRCENT CON°-.
e L IMITS-ON B AT 26467 —AND —156155 — - ———
AND ON E{2) ARE -+1825 AND ~«0574

SIGNIFICAN:

“EAN AND REDUCZIO RATIO FOR SELECTED THITKNESSES

THICKNESS MELN RATIO REDUCED RATIO

- - +253 1:581—15 429 —_—
«500 fet71 1.%09

e 750 et 17 387
1. 023 10418 1.362
45258 43344 4334
1.500 1.351 1.296

—_— 13?5132t 1P ———
2. 000 1.291 1.216

—- 2:-250 15261 15174
2.500 1.231 1.13%

3. 0C0 1.171 1.042

19
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TABLE 7. CONCLUDED

STATISTICS FOR THZ P.OT OF BYSIL)/TYS(LI1.5
¥ ECSUSTHEANESSFOR

2024-T42 XTRUSION

REGRESSED LINE IS

.

(OR EFFECTIVE SSATTER ABOUT THE LINE)= .17

R=-SQUAREDL >TATISTIC= 57.37

95 PEXCENT T FAJTOR= 1.812

95 FZRCENT CON-,
TIMITS -ON-E€1)ART—1:5126—AND—1 57767
A¥D ON B(2) 3AKRE -e3124 AND ~+1168

SIGNIFICANT RE3<FSSION  YES

HEAN AND REDUCZ) RATIC FOR SELECTED THITKNESSES

THICKNESS MEAN RATIO REODUCED RATIO

“e—— +250 ————1+591—————45476-——

+50D 1.537 1,441
— 7581k ————4399

1.000 1,438 1.352

254 457 —4+234

1.500 1.323 1.23€
—_— 5126915169

2. 000 1.215 1,098
———— 2 25— 15162 — 1 92— ——————

2.500 1.408 .951
———— St 8 —————— 7 — ——————

3. 000 1.004 «739

20
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E TABLE 8. LIST OF RATIOS VERSUS THICKNESS FOR
E 2024-143 EXTRUSION 3
2 . =
4 BUSILI/ZTUSILY2.0  BYS{LI/TYS{LI2.0  THICKNESS %
3 1 1,894 1.953 .06% (from ref.(1))3
. t ;“
e ! 3 1.973 2.067 .313 E
b : — s 457974348 (from ref. (1))}
. s 1.614 1.646 500 (from ref-(l))j
= —6 15— 98— 40—
9 7 1.695 1.621 1.250 S
2 5 45692 45438 4506 =
E: ] 1.683 1.639 1.700 i
- — 4625 ————— 4576 1:759 —
5 11 14422 1.380 2.000 3

AL

12 176331569 ——————2355 2—{from-ref(I1)y

s
Y i S e

3
13 ?i
=

£

"
Ya

Ay
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IR

4
¥
9
9
N3 ¥
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TABLE 8. CONTINUED

ST&TISTICS FOF THE PLOT OF BUSILI/TUSIL)I2.0

P IR ST VNP Y ey
ToXIUST T I LANNESS™ T U

202%=-T42 IXTRUSION

REGRESSED LINE IS
—_—— A2 e N e N S S ———————

NUMBEROFDATA=—12

—STANDARD DEVIATION OF —Y¥=—1545

A TANGARD—ERROR—IF—ESTIMATE
(OR EFFECTIVE SCATTER ABOUT THE LINE)= .35198

R=SOQUAXIKED STATISTIC= 39.91

95 PERCENT T FAZTOR= 1,812

95 PERLENT CON-,
R IMITS N B D) ARE AT TSV —ANS — 159720
AND ON S(2) ARE -+ 2059 AND =+ 0463

SIGNIFICBNLT KESRESSION Y£S

HEAN AND REJUGID RATIO FOR SELECTED THICKNISSES

THICKNESS MEAN RATIO ®EODUCED RATIO

- +250 138331+ 741
+«500 1.892 1.723
- e 40U Lo fi U 1707
1.008 1.738 1. €75
1250 17T 16«3
1.500 1.675 1. 605

I T 4 e B L e B o EE—
2.000 1.612 1.517
— 8+ 258—1568 1469
2.500 1.569 1.421
— S 5t 3L
3.0800 1.6%5 1.322

22
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TABLE 8. CONCLUDED

7
STATISTICS FOk THZ PLOT OF BY‘(L)ITYS(L)Z.D §~
———————#EXSESH EHNESSF

2024-T42 XTRUSION

1 A Y

E REGRESSEG LINE S

= —wydEcROS—EATE—12

5 i

2 { ———STANGARO-GEVIATION—OF —Y—=——233%

3 —STANGARD-EPROR—IFESTIHETE

5 (OR EFFESTIVE SSATTER ABOUT THE LINEl= .1535
4

3 R-SQUAREC STATISTIC= 58.89

‘ 95 PERCENT T FASTOR= 1.812

3 ! 95 FERCENT CONT.

T LIMITS—ON-B{13AFE 4503 —AND—2:1253
! ANG OV B(2) AFEZ ~«3319 AND ~e1282

SIGNIFICANT RESXESSION  YES

P—

HEAN AND FEDUCZID RATIO FOR SE.ECTED THICKNESSES

3‘:
!
&
E:
Eé
!
A
2
3
”z
e
%
g
3
B
<
2
i
A
=3
Fi
S
5
¥
H
{
%
¥
4
E
e
z
i
%0
i
ko
5
3
<
3
H
i
k2
g
S
3
&
&
2
&
g

THICKNESS HMEAN RATIO PIDUCED FATIO
s 25843930 ———— 1 813 ————
E . .500 1.873 1.772
A ———— 50— 15— TR e —
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TARLE 10. PROPOSED MIL-HD3X-5 TABLE 3.2.3.0(3,)

TABLE 3.2.3.0(32). Design Mechanical and Physical Properties of

2024 Aluminun Alloy (Extrusions) - Continued

Specification ...cecececad

QQ-A-200/3

FOTR c.veeconsnccscoconasd

Extruded, bars, rods, and shapes

Condition .e.ecececaceaad

T42®

Cross-sectional ares, in. 2.

<25

0.250~ . 500J0.750-[1.006 1. 250~ |1 - 500-] 1.7 50- 2. 0002 250~
Thickoess or dismeter, 1n..k0.249, 450 b:749 {0995 N1.245 |1:495 [1.749 |1.999 b.249 P99
Batis cevcecninecennnceae] S| s | s |s s |3 s |s |s
Properties:
qu' ksi:
L ocecesceceneneed 57 ] 57 | 57|57 | 52| s7 | s ] st | s | st
IT ceeeccnenenenead 55 | 56 f 52 51 | &9} 47 | 45 ) 43 ) @ | 39
rq. ksi:
L weerveeeeneeene 38 38 F3e b 38 | 38) 38 38| 38 381} 38
IT covencneioeceead 36 | 35 138 [ 33 | 32| 3 y30] 20 28] 27
3813 |38 ]38 |38 38)]3 | 38| 38]38
39 13 {37 |3 |3} 3|33} 3m|3]|22
Pooksloniciad 29|29 [ 29|29 [ 29) )] 27|26} n
,bru » ksi:
(e/p = 1.5) g1 |8 [79|77 J16] %]n] 66 | e
(/D = 2.0) 99 {98 |92 |95 o3| 918 | 8 |8} &
!‘r,b. ksi:
Gep=15) .. s6 ) ss s3] sy Jasf ar]an | ax 39| o3
em=2.0) ......] 62 [ 67 |65 |63 |61 | 59| s6| 53] s0}az
e, percent:
veoverecoreeoce] 32 | 22 22 J20 J20) |10 10 10 ] 10
b JPURNOURORRDUNCDI ROUR DGR RDURE RO RUCN RO RO RO RO I
2, 20% kot ooeiecennnend 10.8
n.o
4.1
0.33

C, K and O ceccececonns

See Figure 3.2.3.0.

*These allovables 2pply when sanples of material supplied in the 0 or F texper are heat
. Properties obleinesd by the user how-

to heat t

treated to d Tate T

P

ever, may be louver than those listed if the material has been formed or otherwvise cold
or hot worked, particularly in the annealed tezper, prior to solution heat trestment.

bleathxg values are "dry pin" walues per Section 1.4.7.1.
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TYPE L G F D THREAD

1 2 5/8" 11/16" i/t 1/2 - 13 XC
2 2 1/4" 5/8" 13716" /2" 1/2 - 13 XC
3 21/2" 5/8" 15/16" /2 1/2 - 13 NXC

4 21/2" 5/8" 15/18" 3/8" 3/8 - 16 NC

A-~1209 3" 11/4" 7/8" 1/2¢ 1/2 - 13 XC
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Figure 1. Tensile Specizen
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TYPE L
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.313"

Figure 2. Compression Specimer
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Figure 3. Shear Spccimen
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Ty T -
tal | ¥

- L. ' i IL" .‘

L KQ“II i = Vs

| -

g 3

% o

: In s

] 2 i

Figure 8. Location of Longitudinal Specimens

For 1-1/4" x 2-1/4" Bar 3

Rl M AT 20

CLinaty

"

31

LAY Iy

A L e v

»

et




e
AN

«
5

vivgog

,,
TR
AR g5

e t Xy

Y

B

|
i
{

L T i

P AR AN A S . e IR ‘

-, i « > mnrte _»..»v«n«;?*“ai»wﬁ WA

TECHNICAL LIBRARY -~ —

Tensite specimen, Type 3

/ Shear specimen
! Compr&ss'on specimen, Type 1
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¥Figure 9. Location of Long Transverse Specircens
For 1-1/2" x 2-1/2" Bar
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Bearing specimen, Type 3 / Tensile specimen, Type 3

\\X/ ' ,

-4
+
-a

—

[
~)

—

n
)=

Figure 10. Location of iongitudinal Specimens
For 1-1/2" » 2-1/2" Bar
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TECHNICAL LIBRARY
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Ti~6A1-25n-42r-2Mo Titanium Alloy Sheet

Background

MIL-HDBK-S5 currently contains in Table 5.3.3.C(b) A and B values
for tensile yield and ultizate strengthe for Ti-6A1-2Sn-4Zr-2Mo duplex
annealed sheet, but does not have compression, shear, and bearing data.
This paterial is being considered for use in several advanced aircraft and
missiles in elevated texperature applications. Coasequently, it was
desirable to establish the missing design properties for this material.

A literature search revealed that room and elevated temperature
tensile, cozpression, shear, and bearing data for Ti-6A1-2S5n-4Zr-2Mo duplex
annealed sheet were available in reference (2). Since the data contained
in this reference were insufficient to meet the MIL-HDBR-5 guideline require-
ments, it was necessary to conduct a test program to resolve this matter.

Test “1an. As defined in Chapter 1, Section 1.4.3 of MIL-HDEK-5,
derived values are thcse room temperature mecnanical property values that
are established through their relationship to directly calculated (or
specification) values for room temperature Fyy, and Fry. The guidelines for
the presentation of data are described in Chapter 9, Section 9.2.9.1, f
MIL-HDII-S 2nd require at least ten pairs of measurements, each representing
a single lot of material. Table 1 shows the test plan to acquire the necessary
data. Although data were available from reference (2) for one lot of material,
it was decided to procure ten lots of materfial because the test material in
reference (1) had been produced over 14 vears ago and the silicon content was
not knowc. MIL-EDBK-5 contains elevated temperature tensile yield and
ultimate strength data. It was decided to perform testing so that elevated
tezperature compression yield and shear ultimate strength data could be included
in MIL-HDBX-5. The test plan was designed so as to utilize test material which
could be vrocured izmmediately.

Matecial. Rockwell International Corporation, Military Aircraft
Division (Columbus, Ohio) supplied at no cost five lorts of material im
0.071, 0.080, 0.090, 0.100, and 0.125-inch thicknesses. This material had
been produced by RMI to a Rockwell specification, which was cquivzlent to
MIL-T-9046 except requiring a silicon content of 0.06-0.10 percent. Five
additional sheet thicknes<es; 0.030, 0.040, 0.050, 0.055 and 0.062, were
procured froz TIMET to MIL-T-9046, Type III, Comp. 6, vxcept silicon content
vas specified as 0.06-0.10 percent. Each sheet thickness constituted a different
hea: except for 0.055 and 0.063~inch thicknesses which vere from the same heat.

(:)Dotson, C.L., ™echanica' and T - r~perties of High-Temperature
Titaniuz Alloys™, Sour” . tualitute, AFML-TR-67-41 (April 1967),
(MCIC 68426).
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The material was supplied in the duplex annealed condition. This tharmal

treatment consisted of 165C F for 1/2-hour, air cool, 1450 F for 1-4/hour
and air cool.

Test Spzcimens. Triplicate tests were used as shown in Table 12.
The configurations of the trst specimens are shown in Figures 29 through 32.

The location of the test specizens on the sheet is depicted in Figures 33
through 37.

Testing. A1l specimens were tested in ti. "as received" duplex
amncaled condition in accordance with the procedures described in Appendix
A. The results of the mechanical property tests zre shown in Table 13. All
lots conformed tc the minimuz tensile properties specified in MIL-T-9046.

reat difficulty was experienced with the shear testing. A3l of
rlanred shear specimens ha¢ long transverse grain orientation. The first
specizen tested was A™1 (6.03C-inch) thick. Severe deformation occurred
arcund test holes (see Figure 31 for specimen conf:guration) and examination
of fracture surfaces revealed that the fracture was not totally br shear.
A thicker specimez, GT1 (0.080-inch thick} was tested next to determine if
the protlem would prevail in thicker specimeas. Again, severe deformation
in test area was observed with circuitous cracks between the test holes.
To further detercine whether rhickness of specizen was a factor, specimen
JT1 (0.125~incn thick) was tested with similar results.

There are nc published specificaticns for shear testing and test
specizer configuration. The shear specimen configuration shown in Figure 3
has been used successfully for a large mumber of different metallic materials
over an extended period of time. Problezs in obtaining 2 shear failure tave
onlv teen encountereé in the past with materials with a very low yield strenmgth
(30-56 Ksi). Reducirg the widtl between the test hcles has been effective in
the past in producing shear failures in low yield strength materials.

Censequently, the width Letveen the test holes on specimen GT2
(0.08C~inch thick) was redaced from 6.190 to 0,150-inch by machirning, but
this change did not produce a3 shear failure. The same procedure was used
on specimen JT2 (C.125-inch thick) without success. The width between the
test holes on specizen HTl (0.090-inch thick) was reduced to 0.100-inch;
on specimens ET1 (0.063-inck thick) 2nd GI3 (0.080-inch thick), the test

width was reduced to 0.075-inch, but ncne of these modifications produced a
shear failure.

It was thought that possibly shear failures could be obtained with
longitudinal specimens. Llongitudinal specinens were machined from 0.100-inch
thick sheet with test widths of §,124 and 5.248B~inch and tested without success.
On the third specizen, the original 0.190-inch test width was reduced to 0.120-
inch using a jeweler's saw with 0.006-inch diameter blade in an effort to increase
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TECHNICAL LIBRARY

the stress concentration at the test section. This was unsuccessful. On the
fourth longituéinal specimen, the 0.190-inch test width was reduced to 0.100-
inch by electrical discharge cachining (0.0l4-inch wide slot). Since this
rechnique d3¢ not produce a shear failure, shear testing was discontinued.

Analvsis. as previcusly indicated, derived values refer to those

Toom texmperature mechanical property values that are estabiished through their

s rélat)O'}Su‘pS to directly calculateé (or specification) values for roo= tempera-
ture Fry and Fey. The procedue is applicable to Fey, Fgys Fpy, and Fy

and involves the pairing c© SUS and BUS measure=ents with TUS measurements for

L Fy, has beer established. Likewise, YS and BYS measurements are paired
TYS measurezents for which Ft). has been established. Tensile properties

ir grain directions not covered by specification are also derived in a similar

%
3

Rt WS et

Using the abcve relationships, reduced ratios for the various “unknown"”

properties were determined using the computational procedure described in
Chaprer 2, Section 2.2.9.2 of MIL-HDBR-5. The primary test direction for
sheet is long transverse. Consequently, the lot average test values for
1cngitu

vield strength were paired with the corresponding lot average test values for

lcng transverse tensile yield strength. Similarly, the long transverse bearing

uitimate velues were paired to the corresponding long transverse tensile ultizate
i vezlues. Reduced ratios were cozputed 1ising the following equation when the

5
;‘ .
é cngitudinal and long transverse compression vield and lung transverse bearing
s
P ratios did nct vary with thickness:

S

; tg g5s
i - -
. 3. ReFoREt
3 ' Yn
‘.4 vhere ? = reduced ratio
K

T = average oz m ratios
s = standard deviation of the ratios

£9.95 = the 0.35 fractile of the t distribution
corresponding to n-1 degrees of freedom

n = nucber of ratios.

When the ratic varied with thickness, the following equation was used for
regression analysis:

(xo - Zx/n)2

R=r'- tg.95s’ %-l- ﬁ—(zxz) . zX)z,n N

-
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reduced ratio
mean ratio for specific thickness, x,
standard error of estimate

the 0.95 fractile of the t distribution
corresponding to n-2 degrees of freedom

nuzber of ratios
x, = specific thickness

x = individval thickness values €or ratios.

A coputer prograz was used to perform the analyses. The results are shown
in Tables 14 through 16.

y

Only the Bus ratios showed regression (positive) with increasing
thickness as ﬁhgwr in"Table 16, and Figures 38 and 39. Because of this regres-
sion for the g5 ratios, it was decided to present design values for four
thickness ranges for sheet. A surzary of the cozputed reduced ratios is
presented in Table 17.

MIL-HDBK-5 Table 5.3.3.0(b) does pot contain a zozpression modulus
value for Ti-6A1-2Sn-42r-2Mo sheet. Consequently, sn E, value vas determined by

using the same ratio technique, This coxputed average ratio for ?c is shown in

Table 18. Since pboduli sre presented as typical values, not minimum, the average
ratio was used to compute Ec value.

The saze equation ‘rot regression) that was used to compute a lower
confidence interval (reducel ratio) for compression yield and bearing vield
strengths was utilized to co~pute che lower confidence intervals at each test
temperat ire ior cozpression :ieid strength. The results of these cozputations
are shown in Table 19.

The effect of tecperature on compressive modulus was established by
the computations in Table 20. Since the elevated temperature moduli curves in
MIL-HDBK-5 are typical, not minizuz, the average percentage of room tempera-—
ture value at each temperature was used.

The reduced ratios “n Tables 17 and 18 were used tc compute design
values in revised Table 5.3.3.0(b) (Table 21) for compression and bearing strength
as well as compression molulu: value. The cozpression yleld strength lower
confidence interval at each tezperature was used to construct elevated tempersture
working curve in Figure 40. The corresponding MIL-HDBK-5 illustration is shown
in Figure 41. The elevated temperature cozpression modulus curve was determined
using average percentazes shown in T2ble 20. These percentages were plotted on
the existing MIL-HDBK~5 Figure 5.3.3.1.4 for cozmparison with thz elevated
tezperature tensile modulus curve as depicted in Figure 42 . The elevated
tecperature percentages for cempression modulus compared closely with those
for tensile modulus. Consequently, the caption for the existing Figure
5.2.5.1.4 has beer changed as shown in Figure 43.
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TABLE 14. LIST OF RATIOS VERSUS THICKNESS FOR
TI-6AL-23N-4ZR-2M0

it e
Zopden,

S CYSEL)ZTYS(LT) CYSILTI/ZTYSALT) THICKNESS
e
] 1 1.105 1,377 038 .
: 4 1.151 1.363 080 (from ref. (2))
i 3 1,075 1.338 .04D
[ 1.099 1.076 .050
5 1.018 _ 1e132 0 __.055 |
3 6 1. 025 1,183 «053
E: I 4 1.082 1.037 071
8 1.098 1,661 . 0880
: C 9 __ . 1.G6886 _ ____ 1.073 o ___e690 ___
| 10 1.091 1.675 .100
i 21 L.07% o 2.05%_ . _er25_ . ___.___
‘.»_ i -
; 4
3
L
3)
L
t
3
E
B
SN 3
a ¥
%
E Y
1
[
5 56
e
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TABLE 14. CONTINUED

STATISTICS FOR THE PLOT OF CYS(L)}/TYSWUT)
VERSUS THICKNESS FOR
TI-6AL=2SN=-LZR-2M0D

REGRESSED LINE IS
Y = 1.0957 ~.2998 X (THICKNESS)

NUHBER OF DATA= 11 -

T STENDARD DEVIATION OF Y = .0366

STANDERD ZRQOR OF ESTIMATE
(DR _EFFECTIVE SCATTER_ASOUT THE LINE)= , 0381

R=SQUAREC STATISTICz =-£.31_

95 PERCENT T FACTOR= 1.633

95 PERCENT_CONFe R
LIMITS ON B(1) BRE  1.04D2 ANC
_AND_ON B(2) ARE _ -.9597 AND _

SIGN IFICANT REGRESSION NO

MEAN RATIO= 1,082

REVISED T STATISTIC= 1.812

REDUCED RATIO=_ 1,062

> ol M,
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TABLE_14. CONCLUDED

STATISTICS FOR THE PLOT OF CYS(LTI/TYS(LT)
VERSUS THICKNESS FOR
TI-6AL~2SN-LZK=2H0

REGRESSED LINE IS
Y = 1.0782 -.08€35 X (THRICKNESS)

" TNUMBER OF DaTAz 11

STANDARD DEVIATION OF Y = .0266

STANGARD ERROR OF ESTIMATE
_ (DR EFFECTIVE SCXTTER ABOUT THE LINE)= .G28%

R-SQUERED STATISTIC: #s+se o

95 PERCENT 7 FALTOR= 1.833

95 PERCINT CONF. | _ . e
LIMITS ON (1) ARE ~ 1.0355 aND  1.120C
___AND ON B(2) ARE _ -.8473 AND 4685

SIGNIFICANT REGRESSION RO

D SO g

_ HEAN RATIO=  1.073 _ - R

R A i

REVISED T STATISTIC= 1.812

REDUCED RATIO= 1.05¢

O B oo o it
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_TABLE 15. LIST OF RATIOS VERSUS THICKNESS FOR
TI-6AL-25N-4ZR~2M0

BYSILTI/TYSILTI 15 BYS(LTI/TyS{LTI2Z0 THICKNESS

1 o .. 1377 1.519 .030
2 1.374 1.761 L840 (from ref )y
3 1.428 1.0 " o040 .
' t 1,384 S .05
; 5 1.352 LesSl .055
‘ 6 1.371 33 .063
! 7 . 1.337_ 1.616 071
! 8 1.380 1.616 .080
9 1.404 1,633 .090
16 1.407 1.684 .10
11 1.407 1.589 125
i
{
i
t
{
)
3
)
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TABLE 15. CO¥TINUED

STATISTICS FOR THE PLOT OF EBYSILTI/ZTYSILYYLS
VERSU3 THICKNESS FOR
TI-6AL=2SN~LZR-240

REGRESSEC LINE 1S

Y = 143670 -~ +247% X (THICKNESS)

T NUMBER OF DATAT 1%’ .

STZNDARD BEVIATION OF Y = G284

STANDARD ERROR OF ESTIMATE
(OR SFFECTIVE SCATTER ASGUT THME LINE)= 0266 _

R-SQUARED STATISTICz =-2.83_

S5 PERCENT T FACTOR: 1.832

95 PERGENT CONF. B ]

LIKITS ON 3(1) &RE  1.327% AND  1.4060
_AND_ON 3(2} ARE _ -.2659 AND .7817

SIGNIFICANT REGRESSION NO

MEAN R2TIO= _1.384

QEVISED 7 STATISTIC= 1.812

REDUCED RATIO:= 1.36¢
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—_—— _—TXABLE 15. COXCLUDED

PSSR AP i .t

STATISTICS FOR THE PLOT OF BYS(LT)/TYS(LV)20

VERSUS THAICKNESS FOR
B TI-6AL~2SN-4 2R~ 2HD

REGRESSED LINE IS

Y = 16183 + 4353 X (THICKNESS)

TNUMBER OF DATA= 11 - .

" STaNDL®O DEVIATION OF Y = <8562

STANDARD ERROR OF ESTIMZIE
(OR EFFECTIVE SCETTER £2QUT THE LINE)= .D574

R-SQULRED STATISTICZ -4&.0%

€5 PERCENT T FACTOR= 1.£33

25 PERCENT CONF. o o
LIMITS ON 5(21) AKRE 1.5347 AND 1.7020
_____AND ON 3(2) &RE _ =.6561 AND _ 1.6327_

SIGNIFICANT REGRESSION NO

MEAN RATIO= _1.65%

REVISED 7 STATISTiIC= 1.812

REDUCED RATIO= _1.623
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TABLE 16. LIST OF RATIOS VERSUS THICKNESS FOR
TI-6AL-2SX-4ZR-2)0

__BUSILT)/TUS(LT) 15 SuS(LT)/TUS(LT)20_ THICKNZSS

1 1,436 1.601 .03
2 1,550 1.769 <040 (from zef (2)°
3 1.607 1.993 __eDu8 -
“ 1.562 24960 -850
5 18Ti_ __ ______1.802 ___ _ _ 855 ;
& 1.550 1.985 <0863
7 1,567 2.812 .B7%
] 1.573 2.52¢ .080
S _____._ .1.659 2101 __ __ _.88% __
10 1.648 2.957 +160
13 _ . 1639 _ . 2,085 e125 .
62




TABLE 16. CONTINUED

STATISTICS FOR YHE PLOT OF BUS{ITI/TUS(LT21Y

—  T31-6AL=-25N-LZR=2MO

VERSUS THITKNESS FOR

REGRESSED LINE IS
Y 5 1.47824 1.5316 X (THITKNESS)

NJMBER OF DATAZ 41

STANCARD JDEVIATION OF Y = .D0603

EROX ©O° £STI

"
E2TIveE SCLTTER &

T
SUT THI LINE}= 0429

R-SQUAXKED STLTISTITS #S.4&

.95 PERIENT T FACTOP= 3.E33

85 PEXTENT CONF. o
LIMITS OK B(1) &I 1.4157  an3’ ~ 1.Bu07
END ON B{2) BIE L6764 AND  2.3865__

SIGNIFICZNI PEGRISSION _ YES

°
x
m
n
il
|
AL A EANGL Y A ) TGN A N B R Y {2

MIAN AND REQLIED RETIO FOR SELEZCTED THICKNISSES

TAITKNISS MILN RATIO XEDUCED BATIO

!
X\t

.812 1.496 1.443
.024 1.514 1.470 o
.935 1.532 1.456

o RS 134 1.555 1.521

.059 1.56% 1.543
670 1.585 _ 1.562 o

T 08¢ 1,506 1.577 R
.0c4% 1,522 1.525
«186 1.560 1.600

_ J116 1.658 _ ___ 1.509
.12% 1.676 1,618
LiLs 1.5%4 1,627 _
.152 1.712 1:636
J1e3 2.73% 1.5LL 3
.178 1748 1,652
L1t 1.7¢¢ 1.681
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TASLE 16. COXCLUYDED

STATISTICS FOk _THE PLCT OF BUSELT) /TUSILTI2S
VERSUS THICKNESS FOR
TI-64L=2SN~4LZR=2H0

REGRESSED LIN IS
Y = 1.6970 + 3.7715 X (THICKNISS)

T NUMBER OF BATae 11 T T T

TSTANCARD DEVIATION OF Y = L1474

STANGERDG IRROX OF ZSTIMETZ
(OR EFFECTIVE SCATIER 4B30UT THZ (IREl= . 104D

F=SQULRES ST&TISTIC= 5C.24

€5 PERCENT T “LCTOR= 1.533

©5 PERCENT CONF. i ~
LIMITS OK £02) AE  2.5653 AND 1,687
AN3 OK 81z) 83T  1.€562_ AND  5.8LB9__

SIGNIFICANT RIGRESSION _ YES

MELN AND REDUSED RATIO FOR SELICTED THICKNISSES

ThICKNESS vwEAN RATIO IIJUSED RATIC

.12 1.741 1.612
024 _ _ 1.755 1.677 L
.£33 1.539 1.762
N .0L7 1.574 1.803
058 1.373 1. 858
070 1,363 1.905 .
<062 2.807 1.942
. 09% 2,952 1,972 o
.158 2.0¢8 1.9¢¢
218 Z.1LD . 2e022
129 2.15% 2 06k
.11 2.229 2.066
.153 2.272 2.087
. LES 2,217 2.108
178 2.752 2.129
S1E2 20425 2.150
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TABIE 17. REDUCED RATIOS FOR TI-6AL-2SK-4ZR-2M0 SEEET
2 :
3 p
‘ H j
f Thickness Range, Inches
K E/D 0.647- ] 0.094- 1 0.341=
A Ratio Ratio <0.046 0.093 0.140 0.187
2
CYS(L)/TYSAT) 1.0€2 1.062 | 1.062 | 1.062
CYSLT)/TYS(LT 1.05¢ 1.05¢ | 1,059 | 1.059
2 5YS(LT) /TYS(LT) 1.5 1.368 1.369 | 1.368 | 1.369
i TS (LT) /TUS(LT) 1.5 1463 | o152 | 1.see | 1.627
3 EYS(LT)/TYSELT) 2.0 1.621 162 | 1621 | 1.6m
E | BUS(LT) /TUS(LT} 2.0 1.612 1.505 | 1.672 | 2.066
i
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f IDENTIFILATION RY LVG el
E E
5 0.0 30 INGHT JNCoN-SEB2 . 17.1  1B3.8-
: 0.040 IN.HTJNOJN=5122 TT1n.3 115.2
. 0.050 IN.HT.NO,P-23E9 1504 112.8
A ! Be G55 INHT.ND.P-2426 17.5 112.9
= 3.5 €2 INJHT.ND.P-4e26 17.3 111.6
| 0.073 IN.HT.NO.6L07C7-93$-C 15.8 1311.4
0.080 INJHT.NO.ESDeZ3-35-5 __  _16.&_ 103.8
: 5.0S0 INJHT.ND, 5904 62-Du—u 1701 1CE.8
q D.31 65 INJ.HToNGe BRO7D-10-1 17.3 1C5.1
-5 8.125 INJHT .NOs BGC7B8-1G-1 t7.38 103.65
E NUMBER R 19
E | o . avs_R o aeg.r
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2" drill, ream 0.5007-%%°
-1 ' 0500* oo" K
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-~ 721" > A-1514
Figure 29. Tensile Specizen
"
2900% 003
=.002" n
|<—2000"'° 2 ___.__: ‘-1—-’-0500*‘002'
1
IOOO”°°'"
i . Y
\Four 90° V notches, 00I0" deep
Notes: | Ends must be flot cnd parallei fo
within 0.0002".
2 Surfece must be free from nicks
ond scrctches. A-1S16
Figure 30. Comoression Specimen
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b 3
TEST PROCEDURES K
'9 %«;
3 Tension EA
3 2
? 3
5 Procedures used for tension testing were those recomrended in ASTM «3"
3 Metned Z8 and E21. Tensile tests were conducted using Baldwin Universal-type 31
= cesring machines. These machines are calibrated at frequent intervals in )\
3 accordarce with AST™ Method E4 to assure loading accuracy to within 0.2 per- j
4 cent. The machines are equipped with integral autozatic strain pacers and {j
b autographic strain recorders. %‘

The extensometers used conformed to ASTM E83 classification Bl

- naving 3 semsativaty of 0,000 in./in. The strain rate in the elastic regier :
was tainta:ned a4t 0.003 in./ia./min. After yielding occurred, the rate was 3
3 increased ro 2oproximately 0.1 in./in./min. until fractwre. Ultimate strengt® %
# zeld strength (0.2 percent offset), and elongarion wer~ determined. The };
. -:2eld strength was determined from the lcad-strain curves. T“easile tests were §
conducted at roox tedperature only. =

) Zeia

il

Compressiorn

2

Prccedures for conducting compressicn tes? nicrmed to ASTV
along with the texperature controi rrovisitms of Eli. Soecimens
elevated temveratures in the Baldwin .aiversa. -e& .ng macaides
were neated .n standard wire-wound res:istance—tv o furnaces. Eac* furnace
~as eguioped with a Foxboro controller rizma~.e of raintaining the tes
temperature te wathin 3 F of the contrel temperature. Chrobei-A.smel therno-
b ceuples were attached to the specimen gege sectim and usec Lo ROALTHT

3 tezpe-atures. For sheet specimens, thermocouple- ser« 3pcroxizatel- 1 16
:nch froc edge ¢f specizmen. Tach specimen ~a< scaced at temperature fsr about
5t 20 sinutes before being tested. Extensomet— 2nd stTain rates weT. S:miLaAT

al to those describec in tension testing section. “he compressive v,e.c strength
(7.2 percent offset) was derived froz e -a--<*'rain curves.
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i Saear S
E == )
A b
Ex
s . Kt
Shear tests vere performed in 3 Baldwin .n:serszl-type testire ‘§
} =achine. Shear tests were conducted at rooT temderatirs only. E
5 ! 4
¢ Bear:ng ‘}
L s
. Bearing tests were conducted ip arcordance wit™ AST™ Metnod EI3f. 3
b v A1l bearing tests were performed in electronvdraulic servecontrolled testang
o ~ zactines. Deformation of the bearinp nole was measured sith 3 different:a.-
* N transformer extensometer and recorded versus joad with a cenventional aute-
£ t graphic recorder. The hardened steel bLearing pin was rotated so that a new
[~
& 8%
o i
3 &
—— - - - R |
; 5
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bearing surface was used for each specimen. Prior to testing, the pins,
specizens, and fixture were ultrasonically cleaned in acetone. After clean-
ing. «tite glores werxe used in the handling of pins, specimens, and fixtures.
Bearing ulticate stxength and bearing yield strength (2 percent of pin diazeter
of fset) were deterzined from the load-strain curves. Bearing tests were
conducted at rooc temperature only.
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