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PREFACE

This final report wss 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,
Ohio. 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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SIMNARY

The results of this test program indicated 
that the existing design

values in MIL-iDBK-5C for 2024-T42 extrusion are not appropriate for all

thicknesses. Host of the existing "derived" properties, Ftu(LT), Fty(LT),

F Fsu, Fbru, and F b  , are unconservative above one-inch thickness with

some of the existing vaues unconservative below this thickness. Consequently,

new design allowable properties for 2024-T42 extrusion were determined in one-

quarter-inch increments through 2'i inches 
thickness and are presented in

Table 10. These new design values were based upon the data obtained from -,.is

test program and existing data. The data were analyzed in accordance 
vith

HIL-HDBK-5 guidelines.

Based upon the data from this test 
program and existing data, missing

design values for Ti-6A1-2Sn-4Zr-2Mo, duplex annealed, sheet, have b.!en

determined. Specifically, design values for F , Fbru, and Fbry have been

developed for four thickness ranges for 
sheet 6.187-inch maximum tlickness)

and are shown in Table 21. A room temperature E value, and an elevated

temperature curve, Figure 43, for Ec, were established. 
Also, an elevated

temperature curve, Fig-are 41, for Fcy was also determined.

These new design data have been prepared in MIL-HDBK-5 format to

facilitate incorporation in the next HIL-HDBK-5 
revision.

I 5,

"ix
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LI1ST OF SYMBOL3

R = reduced ratio, cyclic stress ratio

r - mean value of ratios

s = standard deviation

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

n = number of ratios in sample

RT = room temperature zi

F ultimate tensile stress (design allowable)

F = tensile yield stress (design allowable)
ty

Fcy = compressive yield stress (design allowable)

Fe ultimat shear stress (design allowable)

F -ultimate bearing stress (design allowable)
subru

Fbry = bearing yield stress (design allowable)

E = modulus of elasticity in tensicn

SE
c  = mdulus of elasticity in compression

TS = tensile ultimate strength

TYS = tensile yield strength

CYS = ccmpressive yield strength

SUS = shear ultimate strength

1. = lcngitudinal

LT = long transverse

f BUS - bearing ultimate strength

BYS - bearing yield strength

ksi - thousands of pounds per square inch

psi = pounds per square inch:A
x

I,
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INTRODUCTION

The Military Standardization Handbook, MIL-HDBK-5, is recognized as
the primary source for design allowable data required by the Department of

Defense (DoD), other Government agencies, and aerospace contractors responsible
for aerospace vehicle design. The Handbook contains design allowable data on

metallic materials, fasteners, joints, and other structural elements. The
maintenance 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 aerospace materials. The DoD has designated the Air
Force as the activity responsible for preparing this Handbook. As such, the
Air Force Wright Aeronautical Laboratory (AFNAL) has contracted with Battelle's
Columbus 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 activities performed by BCL in connection with the MIL-HDBK-5 program.
Since the functional as well as some of the technical activities are somewhat
repetitive from year to year, this final rerort describes an experimental test

program to develop certain MIL-HDBK-5 design allowable properties for
several materials.

Most of the design allowable properties in HIL-HDBK-5 are determined
from existing data. However, frequently data are lacking or inadequate to

establish needed design properties. Data may be lacking for important 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
supplement data available from the literature.

Based upon interest expressed by the NIL-HDBK-5 Coordination
Cormittee, availability of existing mechanical property data, and the avail-
ability of test material, two materials, 2024-T42 aluminum extrusion and Ti-
W6A-2Sn-4Zr-2Ho, duplex annealed sheet were selected for this test piogran.

OBJECTIVE

The objective of this test program was : (1) to verify the existing
room temperature design values for 2024-T42 extrusion and (2) to determine
missing design values for Ti-6A1-2Sn-4Zr-2Mo, duplex Rnnealed, sheet.

Downloaded from http://www.everyspec.com



EXPERIMLNTAL 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 the Ftu(LT)/
Ftu(L) and the Ft (LT)/Ft (L) ratios decrease significantly with increasing
thickness tor 2024-T4, T35O, and T3511 extrusions. It is believed that
these ratios should 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
meetings 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 aluminum alloys at that tine, as follows: Fbru/Ftu(e/D - 1.5) - 1.5,
Fbru/Ftu(e/D - 2.0) - 1.9, FbrylFty(e/D - 1.5) - 1.4, and Fbry/Fty(e/D - 2.0)
= 1.6. Item 66-20, "Derived Properties for Heat-Treated-By-User Tempers",
was established at the 33rd meeting. Proposals containing design allowables
were 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, compression, shear, and
bearing data for 2024-T42 extrusions were containea in reference (1), pre-
sumably the report mentioned in Item 66-20. However, only five lots
were tested in reference (1). Consequently, testing of additional lots was
required in order to comply with MIL-EDBK-5 guideline requirements for the
determination of design values. Since the basis for existing design values
for the T42 temper co'Id 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.

Test Plan - As defined in Chapter 1, Section 1.4.1.3 of MIL-HDBR-5,
derived values are those room tcmperature mechanical property values that are
established through their relationship to directly calculated (or specification)
values for room temperature Ftu and Fty. The guidelines 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, and Resistance to Stress Corrosion Cracking,
of Stress-Relieved Stretched Aluminum Alloy Extrusions", AFML-TR-
58-34, Alcoa, February 1978, MClC No. 71819.

2

Downloaded from http://www.everyspec.com



Table 1 shows the test plan to acquire the necesbary data. Room

temperature tensile, compression, and bearig data for five lots (heats) were
available in reference (1). Shear data were 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 thicknesses: 0.064, 0.083, 0.430
0.500, and 2.562 inches. Therefore, 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 aerespace companies participating
in the MIL-HDBK-3 program for test material. Since the T42 temper is a "beat-
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.

1 x 2-1/4 Rectangle Alcoa 389719

1-1/4 x 2-1/4 Rectangle Alcoa

1-1/2 x 2-1/2 Rectangle Alcoa 356925

1-3/4 x 3 Rectangle Martin Marietta 89/551089

2 x 2 Square Alcoa 354753

5/16 x 2 x 3 Angle Alcoa E93641A

- Zee Conalco 93162P-N

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

Test Specimens - Since single tests were used in reference (1).
sinele tests were utilized in this program so as to avoid bias of the data.
The configurations of the test specimens are showr it, Figures I 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.-ion
and size of the test specimens were similar to those used in reference (1).
Longitudinal specimens were machined from the follo,-ing locations:

3

LiXi

Downloaded from http://www.everyspec.com



Location of Axis of
Specimen With Respect To

Thickness (T) and Width (W)
of Predominant Section

Thickness, Width

in. Thickness <i.500 in. >1.500 in.

< 0.500 T/2 ......

0.500 to 1.500 incl. T/2 W/2 W/4

> 1.500 T/4 W W/4

All long transverse specimens were taken from the T/2 location. These specimen
locPtions were the same as those used in reference (1). Specific locations of
the test specimens are shown in Fizures 5 throuzh 18.

Testing - All specimens were tested at room temperature in the "as

received" 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
conforred to the minimum longitudinal tensile properties specified in OQ-A-

200/3.

Analysis - As previously indicated, derived values refer zo those
room temperature mechanical property values tbat are established trough
their relationships to directly calculated (or specification) values for
room temperature Ftu and Fry. The procedure is applicable to Fcy, Fsu, Fbru*
and Fbry and involves the pairing of SUS and BUS measurements with TUS measure-
ments for which Ftu has been established. Likewise, CYS and BYS measurements
are paired with TYS measurements for which Fty has been established. Tensile
properties in grain directions not covered by specification are also derived
in a similar manner.

Using the above relationships, reduced ratios for the various "unknown"
properties vere determined using the computational procedure described _n
Chapter 9, Section 9.2.9.2 of MIL-HDBK-5. The specified test direction for
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 longitudinal
tensile yield strength. Similarly, the longitudinal and long transverse
shear and bearing ultimate values were paired to the corresponding longitudinal
tensile ultimate values. Long transverse tensile yield and ultimate strengthvalues were paired to corresponding longitudinal tensile properties. The

tensile, compression, shear and bearing ratios are shown in Table 3 for the

a-terial tested. keduced ratios were computed using the following equation
when the ratios did not vary with thickness:

4
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R t 0 "9 5

,fn
where R - reduced ratio

r - average of n ratios

s = standard deviation of the ratios

t0.95 the 0.95 fractile of the t distribution corresponding
to n-i degrees of freedom

n = number of ratios.

When the ratio varied with thickness, the following equation was used in

regression analysis:

R _ n - xn)
n (E.2) _ (Zx)2/n

where R = reduced ratio

r = ean ratio for specific thickness, xo

s' - standard error of estimate

t0.95 = the 0.95 fractile of the t distribution corresponding

0.95 to n-
2 
degrees of freedom

n - number of ratios

xo = specific thickness

x = individual thickn,ss values for ratios.

A computer progr± was used cc perform the analysis. The results are sheu-
in Tables 4 through 8. A plot of ratio versus thickness is depicted in Figures
-9 through 28. A summary of the computed reduced ratios is presented in Ta" 9.

All of the reduced ratios, except CYS(L)/TYS(L) and S1S(L)I/TS(L),
exhibited regression with increasing thickness. Due to the severity of the
regression for soue propert'es, it was decided to present design values in
1/4-inch increments up to 2-112 inches in thickness. The reduced ratios in Table 9

were multiplied by the TUS(L) or TYS(L) specification value to obtain the design

values shown in Table 10. Normally, shear and bearing allowables are not shown by
grain direction. The lower reduced roio for either grain direction Vas used to
compute the design value for shear ultimate strength. Existing Table 3.2.3.0(j)
has been revised to delete the T42 te=per and the revision is designateJ Table
3.2.3.0(ji) as illustrated in Table 11.

I5t~N-
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TABLE 4. LIST OF RATIOS VERSUS THICKNESS FOR
* 2024-T42 EXTRUSION

TUS!LT)ITUS(Ll TYS(LT)ITYS(L) THICKNESS

I 4 1.063 .978 .064. (frr ref,(1))
2 1.015 1.019 .083 (from ref.(1))
3 1.C52 1.[.19 .313

.996 .99[ .436 (from ref.(1))
5 .897 .872 . Cr, (from ref.(1))
6 .920 .94.6 . C
7 .*69 .836 1.250

.82 *8E6 1. 50 C9.88 .855 1.70c
* 1 10 .806 .822 1.750

11 .809 .799 2.00 C
12 .747 .771. 2.562 (from ref.(1))

IFI

at
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TABLE 4. CON fl UED

STATISTICS FOR THE PLOT OF TUS(LT)/TUS(L)
--- VERSUS THICKNESS FOR

202is-T42 EXTRUSION

REGRESSE3 LINE IS

I Y = 1.0367 -. 1235 X (THICKNESS)

NUMeER-OF DATA= - 12

STANDARD DEVIATION OF Y = .1C72

STANDARD ERROR OF ESTIIATE

(OR EFFECTIVE SCATTER ABOUT THE LINE)= .0358

R-SQUARED STATISTIC= 88.87

95 PERCENT T FACTOR= !.812

95 PERCENT CONF.
LIMITS ON (i1) ARE 1.0046 AND 1.0687

AND ON B(2) ARE -.?472 AND -.0997

SIGNIFICANT REGRESSION YES

M EAN AND REOUCED RATIO FOR SELECTED THICKNESSES

THICKNESS HEAN RATIO REDUCED RATIO

.25C 1.1E6 .978

.Soo .975 *951A

.750 .94 .924 1
1.OC'3 .9 .3 ,89'.

1.250 .552 .863
1.50C .951 .830
1.750 .321 .796
2.00C .790 .761
2.25C .759 .726
2.5CC .728 -. 69C ___

2.750 .697 .65.
3.0C0 .666 .617

10
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TABLE 4. COCLUDED

STATISTICS FOR THE PLOT OF TYS(LTI/TYS(L

VERSUS THICKNESS FOR
2024-T42 EXTRUSION__ .. ..

REGRESSED LINE IS
-- Y = 1.0023 -. 0995 X (THICKNESS)

NUHER OF DATA= 12

STANDARD DEVIATION CF Y = .6913

STAND-ARD ERROR OF ESTIMATE
(OR EFFECTIVE SCATTER ABOUT THE LINE)= .0423

R-SOUARED STATISTIC= 78.57

95 PERCENT T FACTOR=_ L.812

95 PERCENT CONF.

LIMITS ON B(1) ARE .9644 AND 1.04:2
AND ON B(2) ARE -. 1276 AND -. 07:5

SIGt'F!CtNT REGRESSION YES

•EAN AND REDUCED R.TIO FOR SELECTED THICKNESSES

THICKNESS MEAN RATIO REDUZEO RATIO

.250 .977 .945
5 co 953 .925
.750 .928 .9^4

1.000 .9C3 .881

1. 50--55
1.5c0 .353 .828

1.75C *828 .799
2.000 sG03 .77C
2.250 .778 .739
2.500 .754 .708
2.750 *72g .677

30CC :7041 .646

11A
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TABLE 5. LIST OF RtATIOS VERSUS THICKNESS FOR

2024-T42 EXTRUSION4

CYS(L)/TYSCLI)__ CYS(LT)/TYS(L) THICKNESS

; I 1 1.007 1.0.? .064 (from ref.(1))

2 1.058 1.055 .083 (rom re.(J)

3 1.062 1.081 3:3
4 1.025 i. 5 .163C (from ref.(1))

5 1.007 0.000 Sea (from ref.(1))

6 1.073 1.019 1.000

7 -. C,5 .894. "1. 25C
a 1..128 .57C T. 0ct-
9 1.C17 .S26 1.70

10 1.01.7 .871 1.75C
11 1.030 .852 2. Cc
12 .976 .81. 2.562 (from ref.(1))

'1 12
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TABLE 5. COrINUED

STATISTICS FOR THE PLOT OF CYS(L)/TYS(L)
VERSUS THICKNESS FOR
2024-T42 EXTRUSION

.REGRESSED LINEIS

Y = .iC6 -.E122 X (THICKNESS)

NUMBER OF DATA= 12

STANDARD DEVIATION OF Y = .0275

STANkORD ERROR OF ESTIM;TE
(OR EFFECTIVE SCATTER A9UT THE LiKe)= .0269

R-SOUARED STLTISTIC= 4.73

95 PERCENT . FACTOR= 1.812

* 95 PERCENT CONF.
LIMITS ON 8(1) ARE 1.0206 AND 1.t687

AND ON B(2) ARE -. 030t AND C056

SIGNIFICANT REGRESSION NO

MEAN RATIO= 1.031

REVISED T STATISTIC= 1.795

REDUCED RATIO- 1.017

41
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TABLE 5. CONCLUDED

STATISTICS FOR THE PLCT OF CYS(LT)/TYS(L)
VERSUS THICKNESS FOR
202,#-T42 EXTRUSION

iEGRESSEO LINE IS
Y = 1.0647 -. 1132 X (THICKNESS)

NUHER OF DATA= 11 . .

STANDARD DEVIATION OF Y .13C4

STANDARO ERROR OF ESTIATE

(Ok EFFECTIVE SCATTER ABOUT THE INE)= .C337

F-SOUARED STLT:STIC= 66.75

95 PERCENT T FACTOR= 1.633

4 95 PERCENT CONF.
LIMITS ON B(1) ARE 1.0521 AND 1.1172

AND ON 9(2) ARE -.1365 AND -. 090C

SIGNIFICANT REGRESSION YES

MEAN AND RECUCED RATIO FOR SFLECTED THICKNESSES

THICKN~ESS HEAN RATIO REDUCEDRA7IC

.M 1.056 1.028
.50C 1.028 1.004

,1 .

1.00. .971 :953

1.25D .943 .924

,1.530 .915 .895
f.75 s .887 .863

2-EV .856 .63-%

2.25C .83C .796
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TABLE 6. LIST OF RATIOS VERSUS idICKNESS FOR

2024-T42 EXTRUSION

SUS(L)/TUS(L) SUS(LT)/TUS(L) THICKNESS

1 .7C5 .653 .313
2 -. 536 .525 .430 (from ref.1)
3 .9.94 .Doc0 .500 (frc= ref.(1))
4 .636 .604 1.Ot"-

5 .533 .542 1.252
6 .504 .523 1.50C

7 .28 . __ .523 1.700

a .514 .516 1.750
9 .537 .529 2. F0

16 .476 .469 2.562 (from ref.(1))

'I
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TABLE 6. CONTIIhED

STATISTICS FOR THE PLOT OF SUS(L)/TUS(L)
VERSUS THICKNESS FOR
2824.-T42 EXTRUSION

REGRESSED LINE IS _

Y = .6140 -. e521 X (THICKNESS)

NUMEER OF DATA= -

STANDARD DEVIATION CF Y = .0703

STANDARD ERROR OF ESTIMATE
(OR EFFECTIVE SCATTER ABOUT THE LINE)= .C623

I k-SCUARED STATISTIC= 21.45

95 PERCENT T FACTOR= 1.860

95 PERCENT CONF.

LIMITS ON 511) ARE .5370 AND .691Z
AnD ON 8(21 ARE -.1041 AND .Eo:c

SIGNIFICANT REGRESSION NO

MEAN RATIO= .546

REVISED T STATISTIC= 1.5.33

REDUCED RATIO= .506

16
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TABLE 6. (.OCLUDED

STATISTICS FOR THE PLOT OF SUSILT)/TUS(L)
VERSUS THICKNESS FOR
2024.-T4.2 EXTRUSION

R~EGRESSED LINE IS___ _______

Y .621c -. 0562 x (THI.5KNESS)

STNOAI) EC OF -,;.T.= 9

(OR EFFE7VE STTEP i2OU7, THE LINE)= .1.377 -

RSUZE STATISTIC= 51.29
5 PE:REIE7 -, FC Op=1.5

05 PERCENT CONF.
LIl-IS D% 5(l) A E .5645 Ant .677i

AND ON S(Z) 4FRE -. 0926 ANC -. 6199

SIGNIFIC^.N.T REGFESSION YES

.1 EAN tNJ z=:WCED R-TIO FOR SELEC7EO TtICKNESSESjTN!.. NESS 'lELN RA -. O RE)U:= RATIC

.!z6C-7 .558

.>3 593 .552
.75Z .579 .545

..0 536 .511
1..750 .522 .49'.

Z.^c .5Ce .475
2.25Z .499, :454

3.:3 .52.8

17
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TVBLE 7. LIST OF RATIOS VERSUS THICKNESS FOR
I i2024-T42 EXTRUSION

B3USCLI/TUS(LI1.5 BYSILIITYSCL1.5 T;I: KNESS

1 1.597 1.692 .064 (frou ref.(1))

3 1.603 1.601 .313i .-- 97 .... -4 (fr-om -re-*.()--

5 1.347 1.347 .50 0 (from ref. (!)I

7 1.351 1.266 1.50
8 .Ii .200 t.500-

9 1.'01 1.307 T.70 0

11 1.151 .C,7 ?.000

' I

I

4 18
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TABLE 7. CONTINUED

I STATISTICS FOP THE PLOT OF BUS(L)ITUSL)1.5

2024-T42 EXTRUSION

PEGRESSED LINE IS
If - .. 5 fG .(Fi ESTiziT

(OR EFFECTIVE SATTEP hROUT THE LINE)= .042

P-SOUAE3 STATISTIC= 50.20

95 FFRCENT T F4:TOR= 1.812

95 IFFPCENT CON--.

.... -L T S-Ot. -E( Ii -A-----I.-4467 -- 4 NO -1-6155 .....
AND ON E(2) ARE -.1825 AND -. 05?'4

SIGNIFIChN! RE3iESSION YES

"MEAN AND REDUCED RATIO FOR SELECTED THICKMESSE3

THiCKNES NEAN RATIO REDUCED RATIO

:l 500 1.4 71 1.409

7~50 -- - -' zk l- -- t -87
_ 1. O1." 1.411 1. 362

1-500 1.351 1.296

2.000 1.291 1.216
-Zi-2'5 a 1.----."-26I

2.500 1.231 1.131
a 758 _.. _" lw Be-*
3. Oco 1.171 1.042

19
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TABLE 7. cox.LumE

STATISTICS FOR THE- P 0T OF BYSIITYS(LI1.5

20Z4-T42 EXTRUSION

REGRESSED LINE IS
* i.6%46t ff'i (:iCKNtsz,

---- NUER 0 ki ,t- t7

5-T- t&*e-OfY 1 ,TlGN O - .2258

SZAPARB ERROR 9F E-TIMATE
(OR EFFECT14E S;ATTER OUT THE LINE)= .1474

R-SQUAkEL_ :,TATf3TIC= 57.37

9S PEPLCENT T FA.^TOR= 1.812

95 VERCENT CONT.
-- IMI'S -ON -11) -RE-----1.-51 Z6--iN--"-1 - -

AI'ID ON 8(2) SRE -. 3124 AND -. 1168

SIGNIFICANT RE;iFSSION YES

MEAN AND REDU-3E RATIC FOR SELECTED TthIKNESSE.

THICKNESS MEAN CATIO REDUCEO RATIO

50D 1.537 1.441

1. 000 1. 4'30 1.352

1.500 1.3?3 1.236
4 -75e---- -- 1 w269-- - ;I" -

2. 000 1.215 1.09e

2.500 1.108 .951

3. 000 1.001 .79

20
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TABLE 8. LIST OF RATIOS VERSUS THICKNESS FOR
2024-T42 EXTRUSION

BUS(L)/TU3 (L) 2. 0 BYS iLI/TYS(L)2.0 THI^CKNESS

I 1.894g 1.953 .06o (from ref.(1))

3 1.97 2.06 .313
- F 4 ..72T - 9 --.- 31 (frorm ref.(1))

5 1.61'. 1.646 .500 (fro= ref.(1)),
-6-0 1.984 1, e09?

7 1.695 1.621 1.250
9 . 8692 is. 4p90 *:r0 -

91.655 1.639 1 0

11 1.42? 1.380 2.000

) 1~2 1. 635- 1.569 ~ -fmr1f1)

*1i '1
3'I

.2,
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TABLE B. CO'NTnWE

I STATISTICS FOF IH=- PLOT OF BUS(L)/TUS(L)2.0

2025-T42 EXTRUSION

REGRESSED LINE IS

- NUM tk-AOFtri.. - i

---S-Afl*AROMA 1Ot4OF ~T 5

(OR FFFECTIVE SCATTEF. ABOUT TIE LINE)= .1198

R-SOUAiED STAT1STIC= 39.91

I 95 PERSENT T F%;TOR= 1.812

95 PERLENT CONT.

AND ON S(2) AWE -.2059 AND -. 0469

SIGNIF!Ctt.T kE;ESSION YES

HEAK AND REDUCE) RATIO FOR SELE:TEO THICKNESSES

f THICKNESS MEAN RATIO PEOUCED RATIO

I - --- 255 - 83 -- ?r
.50 1.802 1.723

1.000 1.738 1.675

1.500 1.675 1.605-759i . 6 i.'

2.000 1.612 1.517

2.500 1.549 1.421
P. is isi 5 0 is37 1
3.000 1.4.5 1.322

22
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SASTZIS FOR TH LT:FrS /TS0.

R EESO IE SATE EUTHLNE .13

R-SuliEC 0SlTATITC 88

95 PERCENT T FAZTOP= 1.812t

95 FERCENT CON-.
tlf'1 ~ ~ f50 1S-O0 4ei.-te--.~o--4N --- 215-

ANDO 0J 6(2) 1;;E -. 3119 A.ND -. 12!2
SIGNILAN1 RE;iESSION YES

MEAIV AND FEDUCES RATIO FOR SE-ECTEO THICK4ESSES
THICKNESS MEAN R&TIO PEOUCEO PATIO

1.000 1.58 1.6708

1.500 1.43 1 .55F

2.000 1.528 1.40E

3.000 1.296 1.081

23I~1 4_____
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TATUE 10. PROPOSED MUL-lDSK-5 TALE 3.2.3.0(J 2 )

TABLE 3.2.3.0(J2)- De IgnHechanical and Physical Properties of
20- 1 Alumdnum Alloy (Extrusions) - Continued

Specification ............ QQ-A-200/3

Form ............. ........ Extuded. bars, rods, and shapes

ConditioA ............... T42
a

Cross-sectIonalarea, in.
2 ,  

<25

Thickness or diameter. in..2 0.2 0 5 070 100120 150 .5G Dt20
0.499 71.9 0.999 1.2.9 1..99 1.749 1.999 :249 .499

Basis .................... .S S S S S S I S S S

Properties:

Ptu. kai:
L 57 57 57 57 57 57 57 57 57 57
LT 55 54 52 51 49 47 45 43 41 39

Pry, ksi-
L 38 3S 38 38 38 38 38 38 38

39LT 37 35 34 33 32 3. 30 29 28 2

cyL ................ 38 3 38 38 38 38 38 38 38 38LTj ................ 39 38 37 36 35 3 33 31 30 29
2P kai 29 29 29 29 29 23 27 26 24

Yr-  
. k si:

1(e/ - 1.5) ....... 80 79 77 76 74 71 69 67 64
(e/D - 2.0) ....... 98 97 95 93 91 89 86 83 81

5 6 1.5) 56 55 53 51 49 47 4 41 39 36
e/D - 2.0) ....... 67 65 63 61 59 56 53 50 4*7

L ..... . i2 12 12 10 10 10 10 10 10 10LT o................1 ... ... ... .- .. .. o... .o. •. .o o

1, 103 ksi ............. 10.8

0.33

C. 7 anda ........ .See igure 3.2.3.0.

xlhese allowables apply when samples of aterial supplIed in the 0 or F "eaper are heat
treated to demonstrate response to heat treatment. Properties ob:oi-n by the user ho-
ever. may be louer than those listed if the material has been formed or otherwise cold
or hot worked, particularly In the annealed te-per. prior to solution heat treatment.

blRearing values are "dry pin' values per Section 1.4.7.1.

25
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.A.

- F G

I£ G TYPE L - F D THREAD

1 2" 5/8" 11/16" 1/2" 1/2 - 13 NC

. 2 2 1/4" I 5/8" 13/16" 1/2" 1/2 - 13 NC

3 2 1/2'" 5/8" 15/16" 1/2" 1/2 - 13 NC

4 2 1/2" 5/8" 15/16" 3/8" 3/8 - 16 NC

A-1209 3" 1 1/4" 7/8" 1/2" 1/2 - 13 NC

Figure 1. Tensile Specimen

27
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.1 7-

Note. Ends to be f lot ond poro!I !o within

1 1 1/2" .500"

2 V, .313"

Figure 2. Compression Speciner

28
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F I1

Figure 3. Shear Specimen

.252

I- ,

7 / .E W e/ - 1.5 e/l) - 2.0 t

I V l .375 .500 .063"
2 1 1/8" .37 , 500 .074"

3 1 1/4" .375 .500 .074"
4 1 1/2" .375 .500 .074"

Figure 4. Bearing Specimen

S2 9 t "
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/Tensile specimen, Type 3
/ / Shear specimen

i T Compression specimen, Type I

47//I

Figure 5. Location of Long Transverse Specimens
For 1' x 2-1/2" Bar

Compression specimen, Type

Sneor specimen Tensile specimen, Type 3
Bearing specimen, Type 3

2 1

2-"

Figure 6. Location of Longitudinal Specimens
For I" x 2-1/2" Bar

30_
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Tensile specimen, Type 2
Shear specimen.

Compression specimen, Type I

Figure 7. Location of Transverse Specimens
For l-lI/" x 2-1/4" Bar

Shear specimen Compression specimen, Type I
Bearing specimen, Type 2, ,,Tensile specimen, Type 2

I Al

For x -/"Bar

j 31
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I Tensile specimen, Type 3
qtear specimen

i Compression specimen, Type I

4

Figure 9. Location of Long Transverse Specizens
For !-1/2" x 2-112" Bar

Shear specimen Compression specimen, Type I

Bearing specimen, Type 3Tensile specimen, Type 3

V

Figure_ 10 oain fLniudnlSe i t,
For [_____ N_-/2_a

32I
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Tensile specimen Type I
Ser specimenj

COMPresion specimen, TypeI

Figure Ui. Location of Long Transverse Speci~ens
For 2"' x 2"' Bar

Comlresscn specimen, Type I

Shea speimenTensile specimen. Type I

Bear-N~ speconen, Type I

-,Z

*Figure 12. Location of Longitudinal Speci.mens
For 2"' 2" Bar

33
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Tensile specimen, Type A-a29'

Camp -essio' specimen, Type I

IX-

Figure 13. location of Long Transverse Speci=-cns
For 1-3/4 -, 3" Bar Compression specimen, Type I

Shear specimen Tensile specimen, Type A-129
Beor;ng specmen, Type> 

3"3-

Figure 14. Location of Longitudinal Specimens
I For 1-3/i" x 3" Bar

'34
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2~F] ~ Cmpresso specimen, Type 2
S!'ecr SDe-!men. Tensie specimen, Type 4

Bering specxner, Type 4

I 5Is

Figure 15. Location of Longitudinal Specimens
For Angle

2 ,,Tensile specimen, Type 4
Shear specimen

* I Campression specimer, Type 2

Figure 16. Location of Long Transverse Specimens
For Angle

35
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Q425-

* IV

Figure 17. Location of Longitudinal Specimens For Zee

Tem~ sptirnm Type A-Cog9

Figure 18. Location of Long Transverse Specimens For Zee

36
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Figure 19. Plot of TUS (LT)/TUS (L) Ratios
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0.000 .500 1.000 1.500 2.000 2.500 3.000

THICKNESS (IN)

Figure 20. Plot of TYS (LT)/TYS (L) Ratios
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f0.000 .500 1.000 1.500 2.000 2.500 3.000

THICKNESS (IN)

Figure 22. Plot of CYS (LT)/TYS (L) RatiosI
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Figure 23. Plot of SUS (L)ITJS (L) Ratios
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Figure 26. Plot of BYS (L)ITYS (L), elD =1.5, Ratios

Downloaded from http://www.everyspec.com



-7J

0

C?

+

++

0)

< ++

I-e

Uco.

a.?

0 .0 0 .0 .0 .0 .0 40 .0
THCKESa(N

Fiue2 .Po fBS()/1S() / .,Rto

*45

Downloaded from http://www.everyspec.com



- --~+

$1+
9

'S +

a +

Ato

C!

40

0.0 50 100 150 .0 nO .0

THCNSS(N

Fiue2. Po fBS(Q TS W / .,Pto

04

Downloaded from http://www.everyspec.com



Ti-6A1-2Sn-4Zr-211o Titanium Alloy Sheet

Background

HIL-HDBK-5 currently contains in Table 5.3.3.0(b) A and B values
for tensile yield and ultimate strengthg for Ti-6A1-2Sn-4Zr-2Mo duplex

annealed sheet, but does not have compression, shear, and bearing data.
This material is being considered for use in several advanced aircraft and
missiles in elevated temperature applications. Consequently, it was

desirable to establish the missing design properties for this material.

A literature search revealed that room and elevated temperature
tensile, compression, shear, and bearing data for Ti-6A1-2Sn-4Zr-2Mo duplex

annealed sheet were available in reference (2). Since the data contained

in this reference were insufficient to meet the HIL-DBK-5 guideline require-
ments, it was necessary to conduct a test program to resolve this matter.

Test .lan. As defined in Chapter 1, Section 1.4.3 of HM-IDBK-5,

derived values are these room temperature mechanical property values that

are established through their relationship to directly calculated (or
specification) values for room temperature Ftu and Fty. The guidelines for
tne presentation of data are described in Chapter 9, Section 9.2.9.1, ef

!it-.. :.- "and 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 material because the test material in

reference (2 had been produced over 14 years ago and the silicon content was
not kncr.-. 2IL-HDBK-5 contains elevated temperature tensile yield and
ultimate strength data. It was decided to perform testing so that elevated

temperature copressioi yield and shear ultimate strength data could be included
in MIL-HDBF-5. The test plan was designed so as to utilize test material which

could be procured immediately.

Material. Rockwell International Corporation, Hilitary Aircraft

Division (Columbus, Ohio) supplied at no cost five lots of material In

0.071, 0.080, 0.090, 0.100, and 0.125-inch thicknesses. This material had

I been produced by PM to a Rockwell specification, which was equivalent to
HIL-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 from TLMET to MIL-T-9046, Type III, Comp. 6, except silicon content
was specified as 0.06-0.10 percent. Each sheet thickness eonstituted a different

hea except for 0.055 and 0.063-inch thicknesses which were from the same heat.

(7)Dotson, C.L., "Mechanical and r' .rperties of High-Temperature
Titanium Alloys". Sou

"  
.L, tute, AFtI,-TR-67-41 (April 1967),

(MCIC 68426).

47
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I '7
The material was supplied in the duplex annealed condition. This th-rmal

treatment consisted of 1650 F for 1/2-hour, air cool, 1450 F for 1-4/hour
and air cool.

Test Svocimens. Triplicate tests were used as shown in Table 12.

The configurations of the test specimens are shown in Figures 29 through 32.
The location of the test specimens on the sheet is depicted in Figures 33

through 37.

Testing. All specimens were tested In t "as received" duplex

a-:ncaled condition in accordance with' the procedures described in Appendix

A. The results of the mechanical propert, tests zre shown in Table 13. All

lots conformed to the nininu= tensile properties specified in MIL-T-9046.

Great difficulty was experienced with the shear testing. Al of

planned shear specimens had long transverse grain orientation. The first

specim'n tested was A71 (0.030-inch) thick. Severe deformation occurred

around test holes (see Figure 31 for specimen conf:guratlon) aodd examination
of fracture surfaces revealed that the fracture was not totally by shear.
A thicker specimen, GTl (0.080-inch thick) was tested next to determine if

the problen would prevail in thicker specimens. Again, severe deformation
in test area was observed with circuitous cracks between the test holes.
To further determine whether thickness of specimen was a factor, specimen
JTI (0.125-inc% thick) was tested with similar results.

%There are no published specificaticns for shear testing and test

speci=er configuration. The shear specimen configuration shown in Figure 3

has been used successfully for a large number of differnt metallic materials

over an extended period of tine. Problems in obtaining a shear failure tave

only been encot.ntered in the past with materials with a very low yield strength

(30-50 Ksi). Reducing the widt between the test hcles has been effective in
the past in producing shear failures in low yield strength materials.

Consequently, the width between the test holes on specimen GT2
(0.080-inch thick) was redJced from 0.190 to 0.150-inch by machining, but

this change did not produce a shear failure. The sane procedure was used
on specimen JT2 (0.125-inch thick) without success. The width between the
test holes on speci=en HYI (0.090-inch thick) was reduced to 0.100-inch;

,4 on specimens ETl (0.063-inch thick) and GT3 (0.080-inch thick), the test
width was reduced to O.075-inch, but none of these modifications produced a

shear failure.

loi It was thought that possibly shear failures could be obtained with
oniude-hal specimen~s. Longitudinal specin~ens were machined from O.1O0-tnch

thick sheet with test widths of 0.124 and 0.248-inch and tested without success.

on the third specimen, the origiral 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

48A8t
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the stress concentration at the test section. This was unsuccessful. On the
fourth longitudinal specimen, the 0.190-inch test width was reduced to 0.100-

nch by electrical discharge machining (0.014-inch wide slot). Since this
technique did not produce a shear failure, shear testing was discontinued.

Analysis. As previously indicated, derived values refer to those
ro te-perature mechanical property values that are established through their

relationships to directly calculated (or specification) values for ro tempera-
ture Ftu and Ftv. The procedure is applicable to Fcy, Fsu, Fbru, and Fbry
an.! involves thi pairing c' SUS and BUS measurements with TLS measurements for
which Ftu has been established. Likewise, aS and BYS measurements are paired
w:th rtS =easurements for which Ft. has been established. Tensile properties

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

Sanner.

Using the abuve relationships, reduced ratios for the various "unknowm"
-roperties were deterined using the computational procedure described in

Zhapter 9, Section 9.2.9.2 of ?fIL-HDBK-5. The primary test direction for
sheet is long transverse. Consequently, the lot average test values for
lcngi&tudinal and long transverse co=pression yield and lung transverse bearing
yield strength were paired with the corresponding lot average test values for
lcng transverse tensile yield strength. Similarly, the long transverse bearing
ultimate values were paired to the corresponding long transverse tensile ultimate
values. Reduced ratios were computed ising the following equation when the
rat:s did nut vary with thickness:

R to. 9 5s

where P - reduced ratio

r = average oz n ratios

s - standard deviation of the ratios

t0.95 - the 0.95 fractile of the t distribution

corresponding to n-l degrees of freedom

n - number of ratios.

When the ratio varied with thickness, the following equation was used for

II
tregresso analyis: -x .I
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where R = reduced ratio

r' = mean ratio for Gpecific thiclness, xo
s' - standard error of estimate

St0.95 - the 0.95 fractile of the t distribution

corresponding to n-2 degrees of freedom

n .. number of ratios

xo -specific thickness

x = individual thickness values for ratios.

A computer program was used to perform thL analyses. The results are shown
in Tables 14 through' 16.

BUS
Only the - ratios showed regression (positive) with increasing

thickness as Own in Table 16, and Figures 38 and 39. Because of this regres-
sion for the ratios, it was decided to present design values for four
thickness ranges for sheet. A summary of the computed reduced ratios is
presented in Table 17.

YIL-HDBK-5 Table 5.3.3.0(b) does not contain a compression modulus
value for Tl-6AI-2Sn-4Zr-Mo sheet. Consequently, an Ec value was determined by
using the same ratio technique. This computed average ratio for - i sowni

E
Table IS. Since noduli are presented as typical values, not minimum, the av-erage
ratio was used to compute Ec value.

The same equation trit regression) that was used to compute a lower
confidence interval (reduced ratio) for compression yield and bearing yield
strengtfs was utilized to co-pute che lower confidence intervals at each test
temperat ire for cocpression 11ield strength. The results of these computations
are shown in Table 19.

The effect of temperature on compressive modulus was established by
the computations in Table 20. Since the elevated temperature moduli curves in
S. L-HDBY-5 are typical, not miniiaum, the average percentage of room tempera-
ture value at each temperature was used.

a( The reduced ratios 4n Tables 17 and 18 were used to compute design

values in revised Table 5.3.3.0(b) (Table 21) for compression and bearing strength
as well Rs compression zolului value. The compression yield strength lcwer
confidence interval at each temperature was used to construct elevated temperature
working curve in Figure 40. Tht corresponding MIL-HDBK-5 illustration is shown
in Figure 41. The elevated temperature compression modulus curve was determined
using average percentages shown in Table 20. These percentages were plotted on

* tne existing FIL-HDBK-5 Figure 5.3.3.1.4 for comparison with the elevated
temperature tensile modulus curve as depicted in Figure 42 . The elevated

'- temperature percentages for compression modulus compared closely with those
for tensile modulus- Consequently, the caption for the existing Figure
5.3.3.1.4 has been changed as shown in Figure 43.
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TABLE 14. LIST OF RATIOS VERSUS THICKNESS FOR

TI-6AL-2SN-4ZR-240

CYS(L)/TYS(LT) CYS(LT)/TYS(LT) THICKNESS

1 1.105 1.377 .030
2 1.151 1.069 .040 (frcg ref. (2))
3 1.075 1.338 .040
4, 1.099 1.075 .050
5 1.018 1.132 _ .055
6 1.025 1.1C .3063
7 1. 082 1.037 .071
8 1.098 1.G61 .080

9 . 1.086 1.079 __ _-_.090

10 1.091 1.075 .100

11 .. .... 1. O . 1.061 o125 5

I.

.1
I

, J

S I
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iTALL_ 14. CON'TINUEE_

STATISTICS FOR THE PLOT OF CYS(L)/TYS(LT)
VERSUS THICKNESS FORSTI-6AL-2SN-1.ZR-ZIO__________

REGRESSED LINE IS C
Y = i.0957 -. 1998 X (TtiCKNESS)

NUMBER OF DATA= 11

STANDARD DEVIATION OF Y = .0366

STANDARD ERROR OF ESTIIATE
(OR EFFECTIvESCATTER ABOUT THE LINE)= .03e1

R-SQUA.EC STATISTIC= -E.31 .

95 PERCENT T F4CTOR= 1.633

95 PERCENT.C .NF ..
LIMITS ON B(1) ARE 1.0402 AND 1.152

AND ON B(2) ARE -. 9597 AND .5501

SIGNIFIC NT REGRESSION NO

MEAN RATIO= 1.082 .. .. . .. .

REVISED T STATISTIC= 1.812

REDUCED FATIo=_. 1.062 - --.

-. 5
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7I

-TABI-r-14. CO\CLUDED_______

STATISTICS FOR THE PLOT OF CYS(LT)/TYS(LT)
VERSUS THICKNESS FOR
T j-6ALZ LN-4ZAZ O

REGRESSED LINE IS
Y = 1.0792 -. 0695 X (TI-:CKNESS)

NUMBE , 
OF DATA= 11

STANDARD DEVIATION OFY= .0266

STANDARD ERROR OF ESTINATE
(OR EFFECTI-VE_-SCLTTEP ABOUTI THE LIRE)= .026&

R-SQUARED STATISTIC=

95 PERCENT T FACTOR= I.S33

95 PERCENTCONF.
Lft.IMTS O- (.-A-RE 1.0365- AND I.i200

AND ON B(2) ARE -. 6473 AND

I SIGNIFICANT REGRESSI ON NO

MEAN _RTO= 1.073

REVISED T STATISTIC= 1.812IREDUCED RATIO= 1.059

581
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ABLE 15. LIST OF RATIOS VERSUS THICKNESS FORI TI-6AI-20~-4ZR-2110

BYS(LT)/TYS(LT)15 BYS(LT)/TYS(LT)2.0 THICKNESS

1 .. 1377 1.519 .030
2 1.374 1.701 .040 (fro- ref (t
3 1.428 .040

1.381 . .050
I 5 1.352 *. .055

6 1.371 i3 .063

7 __ 1.337___ 1.616 .071

8 1.380 1.616 .080

9 1.404 1.633 .090

10 1.407 1.684 .100
11 1.407 1.689 .125
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TABLE 15. CONrITUED

STATISTICS FOR THE PLOT OF BYSILT)/TYS(LT)15
VERSU3 THICKNESS FOR

____ _ r_-6_A L S N.Z- !j -__

REGRESSE. LINE !S

Y = 1.3670 - .Z471; X (THICKNESS)

NUMBER OF DATA= II

STAND-.R DEVIATION oF Y = .02647

STANDARD ERROR OF ESTIMATE
(OR EFFEST!VE SCATTER ALOUT THE LINE= .026_

R-SQUARED STATISTIC= -2.83 .....

95 PERCENT T FACTOR= 1.£3!

95 PERCENT CONF.
LIMITS ON 9(1)-AFE 1.3279 AND 1..060

AND ON 3(2) ARE -.2659 AND .7817

SIGNIFICANT REGRESSION NO

MEAN R'.To _ 1.384

i REVISED T STATISTZE-- 1.812

REDUCED PATIO= i.369

60
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L?2LE 15. CONCLUDED

STATISTICS FOR THE PLOT O
c 
BYS(LT)/TYS(LT)2.0

vERSUS THICKNESS FOR
T!-6AL-ZS.%-4ZR-IO

REGRESSED LINE IS
Y = 1.6183 .4853 X (THICKNESS)

fi =UBR F 5DATA= 11

STANbDRDEViTiON OF Y = .0562

STANDARD ERROR OF ESTTILTE
(OR EFFECTIVE SCATTER tZOUT THE LINE)= .0574

R-SQUrRED STATISTIC
= 

- _.04_

05 PERCENT T FACTOR= 1.E33

95 PERCEhT ZONF.

LIMITS 3N S(1) ARE 1.5347 AND -..720
AND ON B(2) ARE -.6561 AN0 D 1.6327

SIGNIFICANT REGRESSION NO

rEAN RATIO: 1.65± --

REviSED T STATISTIC= 1.812

REDUCED _RATIO= 1.62 . .

61
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TABLE 16. LIST OF RATIOS VERSUS THICKNESS FOR

TI-6AL-2SN-4ZR-2MO

------ BUS( LT) !TUS (j)5 E__USJLT! /TUS (LT) 2.0 THICKNE SS

± 1.436 1.601 .030
2 1.550 1.769 o040 (fro- e (2)'
-3 1_607 1.993 .040
4 1.562 i.960 .050
5 1.571 1.902 .055

6 1.5 1.965 .063
7 $°567 2.012 .G71
8 1.579 2. GZ .080
9 _1.659 2.1c1 _ .090

10 1.64C - -2.057 .100
1. 1.639 2.065 --. 125

62I

II

.*1
>1N
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TABLE 16. CONTINUED________

STATISTICS FOP. THE PLOT OF BUStLTJ/TUS(1Tl1$
VEFLSIS THI:KNESS FOR

____.EGRESSED LINE-IS
Y 1.4762 -1.5316 X tTNiZ'KNESS)

NJ MSFROFOAA z 11f

St AMCARD DEVIATION OF Y 0603-

(OR E--FE-:T:VE- S,^:,TEF t.DjT THE LINE) = .0429 _

P-SOUAZED STLIISTIZ 4.44z

95 PERLENT. T CAC!-OP= 1.E33 _ _____

SS- PER:ENT CICNF.___
LIIIS ON 6(1) ARE 1.4.157 AND 1.5407

AND ON S(21 -~ 6764 . ND 2.3868_

SIGNIrF-IC.N1FEGREScSIO; YE ________

MEAN AND2ROLE RLT!O FORELTE THICKNESSES

o-i::KlESS 4rLN RATIO PE'JED LTIO

.C24 1.5:4 1.4.70

.035 i.532 1.4956

.047 1.56t 1.543
Ii__ .070 1.566 1.562

Llz .5C4 -1.577

.054 1.6?2 1.5!9
1.106 1.61-0 1.600

lie _ 1.656 1.639 ____

.2c 1.676 1 618
1.694 1.627

:15! 1.11,3
.. 76 1 746 i.6524.s ~~
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SITITISFOR THE PLT OUS(LTJ/tUS(LT)2.0

Y = 1.6970 ~3.7715 X (TH~ICK~NESS)

NumiEr OF AI= 1

S70Jt0P E EVIAT IO0N OF Y- 1-4-71.

4 STAND3ARD ERPOR Ov :SIsMLT7
(OR EFFECT1vE SCL7 50fTE IE= 14

;-SULREu STAI-SiIC= 50.2'.

* 95 PER~E'~7T ACTOGr7= !.533 ____

-- 95 PERCENT CDNr.
LIH!TS5 ONE -(:) ME '..51.53 Ls:D 1. 5457

A~ON 5(21 bi-- 1.6962 Nfl 5. 469-__

STGN:=xCtNT kEGESIO YES

MA%.A9 RiZOL'ZEO R;TIO FOR SELECTED THICKNESSES

hl!hCN S -.EAN R4T! REODU-EO RA 10

.012 .741 1.612
.021 i.755 1.677 -- -

CS.35 1.83D 1.742
.047? 1_.S74 _ 1.B03
.059 1.=,:9 1.85B
.070 1.963 1.-905 - __

.062 2.007 1:94.2
.091. 2.552 1.972
.iG6 2.095 1.99e
.118 ___ 2.',40 2.022 ____

414 2.229 2.06

2-15
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TABLE 17. P.UCED RATIOS FOR TI-6AL-2SN-4ZR-2HO SHEET

Thicimess ane. Inches
WID 0.017- 0.094- 0.141-

Ratio Ratio <0.046 0.093 0.10 0.187

CYS (L)IT'S(LT) 1.062 1.062 1.062 1.062

CYS(L:) T-TYS (L7) 1.059 2.059 1.059 1.059

B%, S(LIT)/-S(LT) 1.5 1.369 1.369 1.369 1.369

BIS (L-)TVS (LT) 1.5 1.413 1.521 1.569 1.627

EYS(L.-)IiS(LT) 2.0 1.621 1.621 1.621 1.621

BUS(L-)/TUS(LT; 2.0 1.612 1.603 1.972 2.066

.1
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TWeLE 18. EUE RATIOS FOR T1-bAL-ZSN~-zh1zO SHEET

IDENIIFI.ATION R.T AVG "
E

0. D30 IN. MI.%C. N%862 108 1 .8-

D. 0'40 IN.ttT.NO.N-611 ? 17. 3 IL;. 2

0.05o IN.NT.NO. P-23i09 16.4 112.8

0.055 IN.tiT.No-.'2
6  17.5 110.9

0.071 lN.tHT.NO.607C7-03- 15.8 11.

0.080 IN.I4T.NO.bS-,.Z3-!SS -- 1 6.4 1.8-

9.00 IN.t(T.N0. 69 3 4j 62-3'-4 17.1. X. 5

0.1 60 IN.lHT.NG. 60070-61 17. 3 ICb.l

0.125 !N.hT.NO. t5CD78-Z9 1.8 10.

I ;'-E z 10

- - - -;. V 109.1
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Figure 29. Tensile Speci~efl

2.00.001-

.000

~Four 900 Vf notches, 0.010" deep

Notes: I Ends must be flot and parallel to
within 0.0002".

2Surface mLust be free from nicks
and scrctches. AI

Figure 30. Co--nression Specimen
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a0.0625" D ream zdia (2 holes)

Figure 31. Shear Specimen

.2520 ia

\4-

II 0.5" dio

Wfth e/D of 1.5, o035
elD of 2.0, 0=0.500"

Figure 32. Bearing Specimen
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31 Figure 35. Location of Test Specimens, 0.090-inch Thick Sheet
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Figure 36. Lecation of Test Specicens, 0.100-inch Thick Sheet
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TenileBearing Bearing

Tensile____
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Figure 37. Location of Test Specinens. 0.125-inch Thick Sheet
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Figure 40. Working Curve Showing the Effect of Ye~perature on
Com-pressive Yield Strength of Ti-6Al-2Sn-4ZrZ0
Duplex Annealed Sheet
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APPEN4DIX A

TEST PROCEDURES

Tension

Procedures used for tension testing were those recomended In ASTI
4

4etnod 1 8 and E2:. Tensile tests were conducted using Baldwin Universal-type
:esring machines. These machines are calibrated at frequent intervals in
accorearce w--tl- AST'! 9ethod E4 to assure loading accuracy to within 0.2 per-
cent. 'he machines are equipped with integral automatic strain Pacers and
autograo~h~c strain recorders.

The extensometers used conformed to AST4 E83 classification BI
naving a sensitivity of 0.000- in./in. Testrain rate irn the elastic reglor
.as =ainta--ned at 0.005 in./in./min. After yieldlng occurred, the rate was
increased to 'tnproxinately 0.1 in./in./min. unttl fraorrre. Ultimate strengt
-teld strength (0.2' percent offset),* and elongazion we.-- determineid. The
-:-eld streng&th was determined from the load-stra.n murves. ensile tests were
conducted at roo= temperature only.

Comoressiom

Prccedures for conducting compresslon t-7~ nfczd to AS7Y
4ethod E9 along with the temperature control rroviscne ef E2 . Sne-imens
-ested at elevated termeratures in the Baldwin .. nijrrsa3. =c~n acaimes

-re 'ieated _n standard wire-ound res:sta--, , frnaces. Ea&~ fu~rnaceN
-a' e-u :nned with a Foxboro controller ia-_e of rainta:ning tic rest

tenau e t within 5 P of the controc temper-ature. Chromei-A-ame te
-ouplei. uere attached to the specimer. gage sez:m,n ane user. to moniir A

tempe-atu.res. For sheet specimens, tnermocounit- .zere 3)vrcximate :6
inch f ran edge of -specimen. Each specimen -a' soased at temperature fDir about
20 minutes before being tested. Extensotaet- and strain rates wer smizzar
to those describec in tension testing settin. -b, compressive v.e.c strengh Z

~P2pvrcent offset) was derived fro-- -i -z.-rain -urves.

S-aear

Shear tests were performed in a Baldwin .nisersal-type test ire

machine. Shear tests were conducted at room te,=4ratt. only.

Bearing

Bearing tests were conducted mn arcordance wit'. ;Mw.' Metnod E:3 .
All bearing tests were performed in elect rciidraulic bervkocontrolled :est ing
macl--.nes. Deformation of the bearing nole was measured uimti' a differentma-
transformer extensoneter and recorded versus load with a onv.entsonai autv-

graphic recorder. The hardened steel bearing pin was rotated so that a new

8t,,
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bearing surface was used for each specimen. Prior to testing, the pins,

spccisens, and fixture were u'trasonically cleaned in acetone. After clean-

ing. w!ite glcie were used in the handling of pins, specimens, and fixtures.

Bearing ultimats strength and bearing yield strength 
(2 percent of pin diameter

offset) were aerer=ined from the load-strain curves. 
Bearing tests were

onductec at roor temperature only.

Z
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