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The susceptibility to stress corrosion cracking in 3.5 percent sodium chloride
soluticn of Ti-6A1-4V and Ti-b6A1-6V-2Sn alloy plates in the annealed and solution
treated and aged conditions was determined by tests of notched C-ring specimens
with longitudinal, long transvers=, and short transverse orientationms, Test results
indicated that the annealed materi.l of both alloys was more susceptible to cracking
in the long transverse direction than in the longitudinal and short transverse
directions, 1In the solution trested :nd aged material of both alloys the short
transverse direcrion showed slightly less susceptibility to crackinmg than did the
jongitudinal and long transverse directiicus, but the differences were not considered
significant. Based on these results a recwmmendation was made that for plate
material of both alloys in airfrzme design vaximum allowvable stresses be 60 percent
of yield strength in all directions.
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1he surzeptibility to stress corrosion cracking in 3.5 percent sodium
chloride solution of Ti-6A1-&V and Ti-6A1-6V-2Sn alloy plates in the
annealed and solution treated and aged conditions was determined by tests
of notched C-ring specimens with longitucinal, long transverse, and ghort
transverse orientations. Test results indicated that the annealed material
of both alloys was more susceptible te cracking in the long transverse

= : direction than in the longitudinal and short transverse directions. 1Im

: i the solution trested and aged material of both alloys the short transverse
direction showed slightly less susceptibility to cracking than did the
longitudinal snd long transverse directions, but the differences were not
considered significant, Based on these results a recormendaiion was made
that for plae material of both alloys in airframe derign maximum allowable
strresses be 60 percent of yield strength in all directions.
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SUMMARY

INTRODUCTION

The planned use of large zmounts of t:tariium alloys in thick sections
for aerospace applications has disclosed a2 luack of information as to the
directional sensitiviiy of these materia’s t» s:ress corrosion cracking i=n
2 salt water znvironment. Thus, the same desigzy load resirictions were
place.] on titanium alleys as had previously »eer applied to aluminum alloys
used in similar applications. Because of stress corrosion problems
2ssociated with certain aluminum alloyvs, Kaval zir Systems Command
Specification SD-24J restricts the sustainec or residual surface tensile
stresses in mogt such alleys to maximums of 50 percent of the yield
strenzth in the longitudinal direction, 35 jercent of the yield strenzth
in the long transverse direction, and 25 pe:rcent of the vield strensth in
the short transverse direction. The stress re:striction in the short
transverse direction in particular is consiler2:d to be too conservative
for spolication to ritanium slloys. %Workh was therefore initiated to
determine the directiocnal sensitivity of thick plates of Ti-6al-4V and

Ti-6Al1-6V-2Sn to stress corrosion cracking in .5 percent sodium chloride
solution.

SUMMARY OF RESULTS

Results of tests of notched C-ring specirens indicated that both the
Ti-6A1-4V and the Ti-6A1-6V-2S5n alloys in the annealed condition are
distinctly more susceptible to envirommentai cracking in the long transverse
direction than in either the Zongitudinal o- short lransverse diractions.

Both alloys in the STA (solution freateé and 23ed} condition were less
susceptible to enviromental cracking in the shor: transverse divection than
in the longitudinal and long transverse cdirections; however, these directional
differences were less distinct than thuse for the anneaied material.

COKCLUSIONS

The results of these teste incicated that there is little or no
similarity belwecen the directional environmental cracxking characteristics
of titanium alloy plates and aiuminum alloy plat2s in 3.5 percont sodius
chioride solution, Thus the design alliowable stress limite for z2lumime=m
plate in Naval Air Systems Cosmand Specification SD-24J ate not realistic
for application to titanium.

RECOMMENDATIONS

It is recocmended that for asirfreme designs based on yvie:d strength the
design allowable stress for &11 directions in Ti-64l1-4V and Ti-©€A1-6V-25n
plate be a maxioum of 60 percent of yield streng:h.
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EXPEZy MENTAL PROCEDURES

A. MATERIAL

The caterisls rested were s 2% inch thick plate of Ti-6A1-4¥
alloy and 2 1 3/4 inch thick plzre of Ti-H6A1-6V-2Sn alloy supplied by TMCA
(Titaniue ¥erals Corporation of America)}. C(hemical 2nhalyses provided by
the supplier are listed below:

Chenical Analyses of Titanium Allioy Plates -3

Material Beat %o. Al 7 Sa Fe Cu [y X c

1txt

Ti-6A1-5¢ E0362 5.6 4.2 .18 L1964 015 022 _O075

Ti-5A1-6V-25Sn G99&7 5.7 3.5 2.6 .72 .68 138 .015 .023 _003

in the anneaied condition and
arments f{or each material

n the STA condition.
n egch heat :reat

[ T

totched C-ring specimens of the type originally designed by Riliisms,
3 Beck ané Jankowsky (Figure 1, reference {a)} were used for the envirormmental

E ” cracking tests. Orcuns of specimens weve prepsred t> represeant the longitvdiczal,
e long tv-nsverse, and short rtransverse orientatiocans vi:th respect to the plate,

as shown iz Figure 2. Two sizes of specimens were esplovesd for the Ti-6A1-&%
plate evaiuation, but only the saeller diamerer specimens wvere employed for

the thirper Ti-541-6%¥-2Sn plate. Both rypes of rings ware 1.25 inch wide.

i
o

G

L In zddition to the notched specimens, 2 seall number of smoerh C-riog
z cpecimens were machined fronm each plate for elastic stress calibraticn neasure-
E © rerts. These specimens wvers of the ssme inside diameter and cylinder heigzht

E 2 es the notched specimens with 2 uniform wall thickness equal to the thickness
E = of the ligeoen:t belew the ncich so that for the same applied lcad the maximm
= B oater fider stress (niduay between the losd application points) would be the

E = same as the net section strass st thz base of the notch.

- C. TEST METHODS

£

e

. Smooth Specimen Tests

-«

Toil =traino sages 178 inch long were atitached 1o the outer
surfaces of the smooth C-rings at the point of maxismiz outev fiber stress.
Strain measurepents were recorded while the spe_imens were loaded incrementally
on an Instron Dniversai Test Machine. Ricorded strzias were then comverted
tc stresses by a simple Dooke's law relstionship, so that the stress vs.
applied locad relationship cculd be determined,
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2, DNotched Specimen Calibrazion Tests

Two ~r moTe specimens of each maisvial, heat ireat conditien,
size and orientation were lcaded to failure in eir G2 an Instroz Universal
Testing Machipe and charrs recoréed of icad vs specimen deflection (as
indicated by machine crosshead position.) These charts w»ere used 2o
deternine the specimen deflections corresponding to v~rions percentages of
the breaking loads,

G

N

The notehed C-rinzs

i ere prepared for iggding ©Y taping poly-
ethylene sheet arm:né the pot ™e

h arez to form 2 rerpOTSTy eova.ommental celi.
The cells were filled witi soluticn in order to prevenit aimospheric passiva-
tion of new crack surface, 2nd the specizmens were leaded to various percentages
s <

A A s A

»
of the breaking loads in ai by bolt :ighteningz 1o the correspondinog
deflections determined above. 3Boits zod nuts were Ti-100% alicy. The first
sp2cimens tested were ioaded 19 73 p2rcent of the dreaking lcad iz 2ir; and

cuvpending vpon whether or not failure cccurred, lced on subsequen: specinens
<28 acdjusted downvard or upwerd until failure threshold icads were derermined.

As the specimens were iocaded, rhevr wers plis<ed in 2 tank of
solution and the terporarr celle removed, Fai Sezernined by
periodic visual examinetion of the specizens iz the sk, Roepour tinme for
the tests uvas chosexz zs 200 houts, the time previccsly used for hizh sirecgth
steel specipens.

g’

Tly in the prozTam sttempts were nmade To Teust sSpeciwmens that
had survivaed the 200 hour tes: by reloading thenm o higher percentages of
the bresking lcads in 2ir. This practice vas disgcon:i G

B

ooed whez it was found
that relcaded specimens would not {zil uwnril lcads approsched the reference
breaking icads ino air.

A, SMOOTE STTCIMEN  TESTS

s 2 r to that reported in raierence (a).
Szress- :g—isac‘ ratic for the larger dizmeter speacimen was spproximotely
800 in.”% znd Tor the smaller specimen approvicately 600 in. "4,

B. XENGEED STECIYEN IT

Sesulis of the siress corrosion tests for the variovs zlloys, bheat
treat condizions, and specimen orientations are summarized iz Table I and

stown in & bar chart in Figures 3 and &, Both the Ti-HAI-4V 2nd Ti-H6A1-57-ISn
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plates in the amnezled condiricn were more sensi

cracking in the long transverse directicn than in the
traasverse darections., For the Ti-dA
salt spletioa was 30 x::en:
as compzred to 53 percent in 2
Tor the Ti-HA1-5V-28n zi’s-.e curresponding valeoes were 80 percent iz the iong

ongitudinal or short
2o failure iz

transverse 2irection, as coopared to 72 percent in the other two directicons
There were no distinctive orientstionsl <ifferences evident in the soiution

treated a2né aged marerial results, although the short :zaasvers& s;:ecase'zs
were slightly less susceptitie to crackiog than the
transverse specimens,

While the standsré for evalusting £ :ess resulils wa2s p2ss oY
f2i1 within 208 hours of enviroormental exposne, it o>=1< be moted that
where times 10 f{ailure wvere laooun eccurateir, {(thsat is. vhen a specimen

in the presexce of an observer) oo times to failuvre were lomger than
stes.  Seversai specirens failec derimn lgedin:, of witkin a {ew
seconds of lozding. Thevefore @ estin: 1imes wers not considered
neccessary. Foom temperature cr2ep,. whick resuits in siress relaxsiion on
constant displacenent loades specimens such as these, may scocn? iz pere

for the sbhsence of faiiures cccurring berwses 18 ninutes snd 200 hours.

DISCESSIGH

The greater scsceptibility of the icoz tramsverse specimens in the
anmeaied mazeri ’: £ both aliors, a5 compared to the lommitudinai et sher:
tTznsverse orientations, is comsistent with siwilar behavier with

Ti- 8.&3 3.3-::;—3‘? cheserved by Tager &8 Sorr usins precsracked imens
2 7
igators icund zss: e-—":re:me 123 cracking
»

Metaliozraphic cxsmination of amnezied sanples of both alloys revezled

that the microstroctures of “he iongitcdinal and short transverse directions
were siniiar; the long transwerse cdifferszd from the other two directions.
Hicrostroctrral differences, however, dif not appear 1o atccount for the
i:«t':ezsec’ scsceptibilitvof the lomg traosvarse direction.

The snootk specinmen load-stress relzticnships described above were
usad o coover: the bresking losds in 2ir to et section firTesses. Ials
information revealed thzt all fszile ia salz srlution occurTed at =22
sectics siressss nominsiiy abovs the yield srrensth of the mprerial. A

vield strength is considerzd 10 e 2

meximax zllosablie of 50 percent of
ccnservezive figure for 311 Girec:
ciate.
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& word of cavtiorn is ir order rezarding i1he use o these rest results.
Secause 31l €failures occurred st pet secticnm stresses ahove yieid strength,
thege respits are not necessar.iy applicable to desizn based on plane strsain
fracture criteria. In these situations Kyg~ ests as descrided in
reference {c) provide the best :nformazioc.

AT EDGRERTS

ippreciaticr ig expressed fo the Titanium Metal
for suppising rthe titsnizm plaste material sod machining the motchad C-rinogs

ased in this studs. =

L]
i

o €

g
E

PH LA ¥
A A A

ik

I

m
o

S

L A i,

Wl

I

L A

i




TR NETI

Y

o I BT

TG

,
HRIBE

LA S

L R

‘: 'l‘i 1 W

ik I

WA

MR

s el Uk L AL e rrul i RN A A

[
l
il

.

T i i

R2DC-72108-¥7

Triie I

Dezs for Titsmise Zlsies Teefd fx Dirvectiscaliny Stufr

Mocrdrnizal Fraprriies

- Cifser
Allsy Coandizdem Tirectien Tieiz

i
10
5

RV

13%
137
3%

nhv

T1-53-65-25a Amweied 3L
F2 29

&1

nnv

172
i
1€5

nh*

Tes: Trestaenia

Ti-613-4F 2aresled : 7L (2 hewrsl, air coasied

s

TI-BI-F7-252 Inawesles = FI2T {2 hours). sir coxcie

STz FML (1 [ur), wsler gurmth -
5382 (& hocss), sit caoles

(¥}

153

133

BI3T (i howr), water gornrk 4
445 18 neore). aiv ooold

;

S0 e g, & A Ll‘hl,yy AU s A 000U L 00 0 it L WY R N e

T

uﬂlnllhul'::wm At



Material

NADC-72108-VT

~ Condition

TABLE II

Notched C-Ring Environmental Test

Orientation

T1-6A1-6V-2Sn
T1-6A1-6V-25n
Ti-6A1-6V-25n

T1-0A1-6V-2Sn
Ti-6Al-6V-2Sn
T1-6A1-6V-2Sn

Ti-6A1-4V
Ti -(il\l -QV
TL-0Al1-4V

T1-6A1-4V
Ti-6AL-4V
TL-0Al-4V

Anncaled
Anncaled
Anncaled

STA
STA
STA

Anncaled
Anncalced
Annecaled

STA
STA
STA

Longitudinat
Long Transverse
St:iort Transverse

Longitudinal
Long Transverse
Short Trunsverse

Longitudinal
Long Transverse
Short Transvcerse

Longfitudinal
Long Transverse

Short Tiansverne -

*One specimen failed at 70% upon reloading.,

Results

Maximum % ,
of Breaking lLoad in Air
for No Failure in 3,5% NaCl

70
60
70

70
70
75

65
50
65

75%
75
85
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Figure 1. Drawing of Notched C-Ring

i

g
3
k]
3
z
=
B
z
3
3

Large Diameter 1.98 inches
Small Diameter 1.65 inches

7

LRI A TV TP

K3
3
Z
E]
E
2
3
3
2
=
e
2
3
2
2
=
b
3
2
3
3
3
3
S
=
=
=
=
E3
S
£
=
=
=
=
2
=
=
=
g
=
=
=
=
2
e}
B
%
-3

v
b




RIARI NG I B L AR L e L S AT B R e S L B 7 M Rt B S LR R L e ._SéEaaﬁ1&#33%\?3Eﬁi_...g‘ééEﬁ«ﬁﬁﬁéﬁhséa@@%ﬁgﬁﬁﬁ@uﬂmﬁg

£
LS}
wd
' 3
L)
&
L
-
%
ot
o
PR ] .
\ ]
\\ . /, .u L)
. \
S 5 &
SsTTTTTY «
B S [«
! o £ 0
= / Vo eeeed 6 A
& — /)tls.ulail.nn.“u. \ . wi{ &
o N e \ FENT
-t [A— N [T} -]
o~ HE \ o
~ . ! £ oo
) - / o o
- 9
. FANEN N0
AR o &
A RN ) oo
7 - P
Py / *
-/ 0
WA e
CAN w.t
/ ’ 8......
. 7/ u\ £ o
\ wt Q.
o
&2 7}

Figure 2.



gl ..4,§\§%%?g_._Ea.mﬁaﬁag“ﬁﬁﬁ,ﬁﬁ%ﬁﬁﬁﬁa%gﬁﬁﬁaﬁgﬁgﬁ%ﬁﬁ
i

R

B

[ORN %S§°€ up $3(nsdy Buly-) PAUIION USZ-A9-IV9-IL '{ @andyg

V1S _  QITYINNY -
. e
R ALLEAY. S, e o m ,_
_ , = 1
] (o
=
. —C
) 9
o 1s 11 1 118 G S
* { . U “G
- ™
_ =
[ ) . —
z : 5 & 7
3 —y
1.21. O
~ x>
M , o
= -M
G =2
-
(]
. -
=
==
Wl <
p rm
Sreee e o e Ceepieaes KR RAPLY N PPN M I REr VAR | TR b foe e > i RVHAATER A R MR TS To ) R Wy

rd
- . . o e
3 IR ] Al el b L o ¢ o gt Lo A Bt g 10 0 T 1 N 00 ik 1 I A B oo & " 4 e V3 e gy P g P I 0 RN Ay ¢ 0 __“_
%%&%%&%%%&g%%%%&%%%%g%%%&g;gﬁé&,}s,gs“gEP,,%&%§%§s%*,,,,.E_«g&?_k_%g_ggﬁgﬁag§§§§§§g?g%a%kggﬁgﬁ%g%%m%@%;

b oot St o b __aJ_.Am_;__.a,mm“_u;_:m,_.,,;.



Sh Ll e e R B UL S AN LA Rt Wb ke T ey e b

IOBN %6 °€ NF SIINEA Bujy-D PIUIION Ay-IV9-FL 'y 8andig

VIS GERLEL

o
Vot s ok atnliiens ¢ MIBMA M 3 WAI
u nﬂ:h“
o
=
a9
1§ YA
. wo)
v
=
= =

=
£ 08 =
g 5
~ >
N )
a .3
z mﬁ =]
=
S
-
=
0l <
min

- -Ia:)... e o I-.N ' lP JH.V.HN;“ ln N B ANy wsip‘a.:.’rm!.vl »LH.-'.

. ]
T D —

gtk i )

e



