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The susceptibility to stress corrosion cracking in 3.5 percent sodium chloride

solution of Ti-6A!-4V and Ti-bAl-6V-2Sn alloy plates in the annealed and solution

treated and aged conditions was determined by tests of notched C-ring specimens

~-!with longitudinal, long transver-, and short transverse orientations. Test results

Q indicated that the annealed~materi~l of both alloys was more susceptible to cracking

Sin the long transverse direction thai in the longitudinal Pnd short transverse

directions. In the solution treated and aged material of both alloys the short M_

transverse direction showed slightly les susceptibility to cracking than did the

Ew Longitudinal and long transverse directiLns, but the differences were not considered

. significant. Based on these results a rec-mendation was made that for plate -
material of both alloys in airframe design Laximum allovable stresses be 60 percent

of yield strength in all directions.
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The sur:eptibility to stress corrosion cracking in 3.5 percent sodium
chloride solution of Ti-6A1-4V and Ti-6AI-6V-2Sn alloy plates in the

annealed and solktion treated and aged conditions was determined by tests

of notched C-ring specimens with longitudinal, long transverse, and short
transverse orientations. Test results indicated that the annealed material

i of both alloys was more susceptible to cracking in the lonK transverse
direction than in the lon.itudinal and short transverse directions. In

the solution treated and aged material of both alloys the short transverse
direction showed slightly less susceptibility to cracking than did the

longitudinal and long transverse directions, but the differences were not
considered significant. Based on these results a recorrendarion was made

that for plaie-maerial of both alloys in airfra-e derign maximum allowable

stresses be 60 percent of yield strength in all directions.
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StM~ARY

INTRODUCTION

T1he planned use of large amo~t of t: tair~it alloys in thick sections
for aerospace applications has disclosed a -.tck of information as to the
directional sensitivi-: of these materials t , s:ress corrosion cracking in
a salt water *enviro.-ent. Thus, the same de;ig-- load restrictions were

* place.3 on titani=. alloys as had Pnreviously :;eer- applied to aluminum alloys
used in similar applications. Because of stress corrosion problems
2ssociaced with certain aluminuxm allovS, Naval '4r Systems Command
Specification SD-24J restricts the sustainee oz residUal surface tensile
stresses in most such alloys to m-aximum-s ofE 50 percent of the yield
Strength in the longitudinal direction, 35 jercent of the yield streng-th
in the long transverse direction, and 25 pe:-celit of the yield stren!%th in
the short transv'erse direction. The stress re:;triction in the short
transverse direction in particular is consi Ier.!d to be too conservative
for application to titanium alloys. Uor'^ wa therefore initiated toU
determine the directional sensitivitly of thick plates of i-6A1-4V and
i-6A1-6V-2Sn to stress corrosion cracking in 1.5 percent sodium chloride
solution.

SUM9ARY OF RESULTS

Results of tests of notched C-ring specirens indicated that both the
ti-6AI-4%7 and the Ti--6A1-6V-2Sn allovs in Vie annealed condition are
distinctly more susceptible to envirormentai cracking in the long transverse
direction than in either the :ongitudinal oz short transverse directions.
Both alloys in the STA (solution treated anti aged) condition were less
susceptible to environmental cracking in th shot-- transverse direction than
in the longitudinal and long transverse directions; however, these directional
differences were less distinct than tho~se for the annealed material.

CONCLSIONS

Thie results of th-ese testz indicated Ltnat there is little or no
similarity bet:-en the directional enviror.,-ntal cracking characteristics
of titanium alloy plates ane aluminum alloy p'ates in 3.5 perc' nt sodium
chloride solution. Thus the design allowable stress licoits for aluminum=

plate in Naval Air Systems Cotand Specification SD-24J are not realistic
for application to titanium..

RECOMMX"ATIONS

It is recon-ended that for airfreme designs based on yied strength the
design allowable stress f-Or ell directions in Tii-6id-4 and Ti--6Al-bV-2Sn
plate be a maximu of 60 percent of yield streng:h.
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EXPEE YETAl PROCEDURES

A. MATERIAL

The naterials rested %ere a 2V inch thick plate of fi-6A-4V
alloy and a 3/4 inch thick plz-e of Ti-6A!-6V-2Sn alloy su.pplied by ThCA

(Titaniu. Vetals Co-poration of America). Che-mical ealyses provided by
the supplier are listed below:

Maeild ical Analyses of Titanium- Alloy Plates -C

M"Faterial H eat No. A! 7 Sn re 0-1 0 N C H

Ti-6AI-4V K0363 6.A 4.2 0.19 .194 .015 .022 .0075

Ti-6Ai-6V-2Sn 09987 5.7 5.5 2.0 .72 .68 .138 .015 .023 .003

Both -aterials were tested in the annealed co--diton and in the STA condition.

Tensile proverties and heat trea -ents for each material in each heat treat
condition are recorded in Table I.

B. SP-EC hIiS

hlotched C-ring s-ecine-s -f r. tcype origi-ially designed by Williars,
Beck and Janko-skv (Finire 1, reference (a)) uere us ' zor the e niro.ental

> cracking tests. Grcups of snecimens uere prepared ti represent the lonzizvdinal,

long t--.nsvere'and shrt transverse orientations -:n res.-pect to the plate.
as sho n in Figure 2. Two sizes of specimens -were e;ployev for the Ti-6AI-4V
plate evaluation, but only the sialler diameter specimens vere e~ploved for

the thinner Ti-6AI-6V-2Sn plate. Both ys. of rings oere 1.25 inch vide.

In addition to the notched specimens, a s=all n-ber of smooth
s-peci eat were machined fran e tdate for elastic stress calibraio measure-
rent . "These specinens uere of tihe sa inside diamter and cylinder height

as the notched specimens with a -naform wtall thickness equal to t-he thickness

of th? ligament belew the .- tch so that for the same applied loead :he maxi
o=ter fiber stress (nid between the load applicatio points) wold be tin
am as the net section stress at the bas- of the notch.

C. TEST vME!~wD,

.. _,ooth S pecimen Tests

w Foil 'train iages I18 inch Ions weere asttached to the outer
surfaces of the vmoth C-rngs at the point of azs: outer fiber stress.
Strain -easur ?nts vere recorded wh-ile the spe-i.nen..s -e-e loaded incremenrally

on an Instron Universel -est Mlachine. Rcorded straias -were then converted
to stresset by a simple RBoke 's law relationship, so that the stress vs.
applied load relaticnship could be derer-ired.N I

NI
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r 2. Notched Specinen Calibration Tests

Two -r nore specimens of each nmaieria!. beat treat condition.
size and orientation were loaded to failure inx dir ran an Instron Universal
Testing Machine and charts recorded of load vs svecizrnen deflection (asI
indicated byft nachine crossbead position-.) Th1-ese charts were used to
determine the s-P:tmen deflections correspoinding to v-rZ*x2s eentages ot

3s. Tests in 3.51 .NC1 Solution

r 1nc eknz:7ahe andfr::npepsae for loading? by taping poly-

Tecells %-ftre fillec urit'. solution in order to prevent atznsvhe-ric passive-

oft:- raislad - i ybl ihtening to thecorrrespondingI
defecto-n dee-mnee abve-Bols c-d'-.-tswere Ti- IMIA alloy-t. -ee-is

s-pecins esed vrelod-e zo75verentofthe b-reaking load in air; and4
dupen-ding upon whether or mot failure occurred, load on subseuent specimens;

was adjusted oownrwarc or t-utarc until failure threshold loads %were dererninert I
As the specirens were loaded, thney were l-ediatnko

solution and the t=orary C-ell trezred. rFailures were deterstined by
Periodic visual exaidnat on of the specimens in- the tiank. Runout time for
the tests %as cho-sen as 200 hours, the t.icsj previozsly used tor high szretgSth
steel specimens.

Early in the progran attemp~ts '.ere =ade- to reuse specimna that
had suvdthe 200 hourr test by re loading then -o htvIner percentages of -
the breaking loads in air. T.his practice was discontinued iarn it was found
that reloaded specizens uldA- not £±-il until loads approached the retferenceI
breaking loads in air. l

Th7e elastic range relationsbhip beten anulied load ane oumer fiber

stress was &r,-erujn2ed to be sinilar to that rezporte-d in reference (a).
Stress- to- load ratio for the larger Idiamter speciren was approrinnlely

800=in 2 anzd for the salrspecimen apiprorirately 600 in?-2 .

Results of the stress corrosion tests for thbe v-arious alloys, heat
treat conoations, and specirmen orientations are ;i~ie n Table --I and I
som-n in a -bar chart in Fit;ures 3 an-* A. Both the ?i*,-6A1:-L.V adTi--6A1-6V-2Sn.

2
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Rnlates i-n the anneraled- condition taere mare sensitive to envi-rermenta: 2

Cracking in the long :rans-vcrse direction than, in th!-e icgtcn or shon

s'tsolution ias 50 percent of breaking load in the long transvearse direction.

as c=c,r-ed to 65 percent in z .~j udinal and sho,,rt transwerse direct ions
For t ~ ~ cgrresoxS'-2inr razlues were 63pre-i h

-rzn-svese irctinas co=::-aren to 7Q peren-t iAt. -the w
7be e re no distinctive orienmtatzonai caxt'-erences evnn nthe solution

treated and aged material results, although thle short trnsv.ersespcmn
weeslightly less ssetbeto crack-ing than the loztcia and lon-,

transverse specimaens.

Uile the standars-d for evalzing these test re -"sws pass or
fail'- within 200 hours of envrorta eosun, it shkou-ld be noted that
%wh-ere t imeLs to failure mere U exc acurately, (that 4s. vhen a epeciven

faild inthe resence of an observer) no rimasto!ilr nloerta
3nl=,zes. Svrls;,ecirens falidun lordn: wi-t3-in a few

secoa-s f 1~d4.z- .1--efor .;=jes%;ee ri,,.considerec
ress-ary. ?xx t ertrecee.uMahzeut msrssrelaxationm on
const-a-t d-islactent loaded snecirens sr as thbese, nor acccvnmt in part

for tue absence off failures occurin:, betwee= 30 nmnces and 2001 hours.

t DISCUSS--IS

7egreater susceztioilitv of the icn- transverse specinems in thin1

anaec =aterial of both alloys. as cexzvared- to the lo *iuinal anda short
transverse orienatations, is co-nsistent- .wi-th si b:ar behavi;or withl

F i-81 - lY=- IV observe bv F &e=an S?-.ar sin prec-ractkec specimens
- r (reference- (b)). TI*rse invest Izators tound that eirnntlcrackinz

occurrec pzrexeretiallyf on- hi-gher order crsalgahc plae cloet

the basal pclate. The texture 0! vrouzht :,itn,--i= allovs is su-ch that basal

t plnes are preferentially oriented pernen-rdicular to the lontg transverse
direction.

Metallotranhlc acna o o e aneled stolIes of bot-,h allovs revealed
that the ticrostructure of -:-e longitu16dinzal and short transverse directions

wer srs ar th lng raswse difee io the o-ther todirection-s.

Mirotrct'-n'a differen-ces, nU- medi ot appear to c t-" for t'i e

increased susceetibilittrof the- l-ong trasvrse directi-on.

The srooth spoecimen load-strxess relation-shiMs described above uvre
u s- c o cnvethe.:.k breaking, lc4' in= air to r-et section. ttresses. Ti

k :-.:ino=tiom revealed that allA failures inm salt suluition -cc-zrrec- at net
section stresses nmnnat-i ty abo the ield tent of the material. A

£2 rxias- allouable ofA 60 nercen-t cf wizeld strength- is coosidetce- to be a
ccrseratve ts~ xor lldireczions in both i-I-Vand ?-bAi-6W.-25

nate
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A word of cation Is in order readn Ehe use oif these test results.
Because all failures occurred at ret section stresses above yield strength.
these results are not necessar-:y ammIcable to desina based on plane st rain
fret tr-e cr1iteria. TIn these situars K-ion: tests as describe-d in
reference (c) provide the best:foziv.

AZYPrciat1- is exressed to the f-lt anitn YMeals Caoaw-r of A~r,.caA
for suppiying the ritsnidm plate raterial and rachinmimn the notched C- rinta

u-sed inthis study.

%')Williams, F-S..; Beck, V; an! Stj JAkolocedkrs
= Votm 60, 119:2 (9

(b) er D.N an Spur, F &M tW Tascio, Vehz 61, 285 (1-8)

(c) r~z,3.? - Alt terSisl asearcb and Standard!s, 66,. 129 (1966)
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TAB LE I I

Notched C-Ring Environmaental Test Results

Maximum %
of Breaking Load in Air

Hft'c~inlConditIon Ortentnt-inn, for No0 Failure in 3.5%, 1aCl

T'i-6Al-6V-2Sn Anneale~d Longitudinnd 70
Ti -6A1 -6V-2Sn Annealed Long Triinvc-rnr' 60
Ti -6A -6V-2Sn Anneal od Si~ort '1ranve tso 70

Tt-6Al-6V-2Sn STA Longitudinal 70
Ti.6Al-6V-2Sn STA Long 'lrai~vevrn 70
TL:6A1-6V-2Sn SAShort TLriatuvor!1C 75

Tj-6At-4V Annealed Longitucllnnl 65
Ti-6AI-4V Annealed Long Tranwrsce 50
Ti-bAl.4V Annealed Short TranslJverse 65

Ti-6Al-4V STA Longitudinnt 75*
TL-WA-4V STA Long Trinnvers' 75
TL-6AI-4V STA Shor.'I Tasitvvi-:; 85

*One~ Hpe'ciman faied at 70% upon reloading.

6
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/
NOTCH RADIUS

0.222"

DIAMETER

HOLE

Figure 1. Drawing of Notched C-Ring

Large Diameter 1.98 inches
Small Diameter 1.65 inches

7
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II

Figure 2. C-ring specimen orientation for titanium plate with
respect to rolling direction (RD)
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