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~‘ exfoliation, and fatigue properties were obtained with the 7050—T7E73

~~~~~~~~~ mat.rial. Significant improvements were obtained in crack propagation •
-~ ~. ~~49X R.H. an4~~~~~~R.H. environments where the crack growth thresholdc. 

~~~~ 
showed an ~~O2 increase anTti~. Erack growth rate was~~~7X slower for

~
“ / the 7050—T7E73 material. The 7050—T7E73 also had ~ 60 to 702 impr ovrmen t

in frac ture toughness~.t room temperature and -65’! over the 7075-T6510 P

material and the —65°F toughness of 7050—T7E73 was 302 higher than the
F room temperatur. toughness of 7075-T6510.
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The high strength 7000 series aluminum alloys have been used extensively( in airframe construction due to their streng th to weight ratios and low

fabricati on coats. However , the 7000 series alloys in their high strength

I T6 temper conditions are susceptible to stress corrosion cracking and
ex ”oliation . An improvement oX ’ the stress corros i on and ext ’o l i a t i o n

I resistance oX ’ the i~ c o n d i tion s  was obtained by re~~ i uLg at h i gher  ( s .” -

350°F) temperatures to produce ~‘ i’ 3 and TTh t enipers . However , t h i s  improve-

I nent  was accompanied by a r e d u c t i o n  in  s t r eng th  wh i ch pre vents 7.2” ” — i ’ , ’ or

T76 material from replacing 7075-T6 parts unless lower strengths can
be accoam~odated.

I
Effort s to retain the static strength of 7075-Pt ’, with an improvement in

I corrosion resistance led to the development of the 70’~Ct alloy . In

particular, 70~ 0 extrusion s have shown the potential for being a direct

s u b s t i t u t e  t’or 7 0 75— l ’t extrusions on a st r eng th  basis  w h i l e  pr ovi d ing

a signi t’icant improvement in  the ros i s~ ;u~ot’ to stress co r ros ion  and

i e x f o l i a t i o n .

Lockheed has considered 7050-T76 extrusions as a potential replacementI for the extruded 7075-T6 F-3 wing spar caps and wing skins . This

potential caused considerable in-house testing to he per formed on

I various extruded 7050-T76 sha pes. The test results confirmed an

improved conbination of strength , corrosion ret: ance and toughness over

H the 7075 material. However , additional data on spectra fatigue , crack
I growth and fracture toughness properties were needed to pr ovide

information for performing s tructural  analyses . The need for these

data was the basis for this  progran.

I,
t. I

1 
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During the development of the 705~ al loy , the Tin  t euper  extrusions

had typical properties which generally exceeded 707 — l i  minimums ;

however , the established guaranteed tensile and yield  strength I
properties were .2 Ksi below the 7075—in minimums . Negot ia t ions

between Lockheed and the  Aluminum Company of America (Alcoa) were Iconducted to obtai n 7050 extrusions with guaranteed 7075-T6 minimum
tensile properties . This resulted in a new temper currently desi-
gnated as T7E73, which included the 510 stretcher level processing.

The extruded 7050—T 7E73 material was procure d and tested in this
program .

L.OCKHItD 2
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I T e s t i n g  was perforned on 70 75—l ~” ~ and ‘~~~‘0— ”TY7 ext rude d shapes w u i c h  are

c ur r e n t L y  used fo r  k’ —3 st r u c t  ura w i rig ~ eIr,I’, nen ts . A w i n g  spar cap sh ap e

I ‘?7~~ , show: .  in  F ig .  I and a wing plank shape , , :~ ~~~~ , show n i n  F i g .  .2

we re selec ted .  The 7.27~ — : t 5I O shapes were obtained  fro:~ s t o c k  and we re

I produced by A lcoa .  ‘he 72’ 0— i’7~’.73 shapes were produced ~‘y Alcoa  in  accord-

ance w i t h  t h e  p rcv ’. sions  i nc lu de d  in  Appendi x A. The 70 ” 0—2 7E7 3 spar cap

I mater ial  was or i gina  II.’ p ’ o d u c e d  by Alcoa as 73 ” O— ‘7cc ’ i O  nut  to r i  a’. for  NA DC .

However , the  t en s i l e  propert ies were below the 7 0 7”— ‘t~ m i  and

material  was ret  urued to the A ’. coa ’ s Lnfaye t  t e , m d i aria , Ext  rus ion  I ’ L a n t  f o r] reprocessing (heat  t r ea t ing,  st ret chi n~ and ag ing ‘t he 7F1 c o n d i t i o n .

i’h c 7050 w i n g  plank nate  ri al was processed di rectly t o  he ‘7F 73 condi  t i on

] at the Lafayet te  ~xt rus ion I’ ant . l~’c lot o X ’ 70 ‘.iO w i ng ~ I ank nat  cr1 ~ l were

p r ocu red  to pr ov ide  i n f o r n at i  on on mater ia l  arid p rocess ing  van ruictos

j  Jcne infor r . int ion  was supplied by A lc oa  on he age st at ’  i I i  :i ng t reat  t:~t ’nt for

“350 mater ial . L’ht ’ spar cup shape received a f ina l  age of .t~ hour s at 31”

I t o  335°F and the w i n g  pl anks received a finaJ  age ot ’ hour s at -hO to

330~ Y.

Ihe  mechan icaL prope rt i es of ‘2 “ 0— T ’’E 7 3 and 7 07 ”— It ‘10 ext m s  iota ;  reported by

Alcoa are included w i t h  the  Lockheed tens i le results  s r r o wn  in  ‘ ables  ~. throug h

I n .  L’he 7375 test report r esu l t s  are l is ted as l j~ ical lest l~epo r t sat a , s in c e

s to ck  is in te rmixed  and th e  exact  t es t  r e t o r t  coal d no t  be nut  d ied w i t h  he

J pieces used fo r  t h i s  tc~~t t’ r cgram . in  a d d i t  ion  t o  t h e ’  70”O test report dat  a .

leces  OX’ th e  ‘3’ ’0 — I ~F ’  3 w i n g  plank ext i-us i cn were  se nt  ¼~ A co n ’ s Ic a i c a l

I center for  a d d i t ion a l  tes t i rig. but  a t r a n s  n i t t e,i t c  l o ck  heed are c o n t i i ~ ai ’ 1 i n

Appendix A. i’hes e res s i t s  are also i n c  I ude d in  t h i ’ n~~’ rop r at e at cc w I

t i r e  Lockheed result  s and are i dent  e 3 as A ’. con It ’ ci i  O t ’ t i t  iS t’ dat  a

1 3
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~~ 
f-’—-.700 ±.OI2

I 2.146±.016” ~ ~-“-—.724±.0I2” i-I.660
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I ~~2.100 ~ - 1.013 ±012 ± 024
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~ 11 11 1 1 
_ _L~~flhi~~~~ñ~~~~~~~~

841 ~~~~~~

“
— 031 R ±.031” 

~~~~~~~~~~~~~~~~~~~~~~~~~

~016” 
17.178 ±.084 1.900 —

I . ±.024” .
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Figure 2 P-3 Extruded Wing Panel Shape, LS 9782
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I I I .  I’i’iO’i’ 31’l’ICIMEN PREPAI’IATION AND PROCESSING

The types arid quantities of specimens tested for each material variable are

suininariced in Table 1. The specimen configurations are shown in Figs . 3

through 8. The specimen shown in Fig.  3 was used for the  longit udinal and

long transverse tensile tests. The specimen shown in  Fi g. 1~ was used for the

short transverse tensile t e s t s .  T h e  specimens shown in Fig. 5 were used for [
exfoliation testing . The speci mens shown in  Fi gs .  t and 7 were used for
spec tr a fa t i gue tes t ing at two stress concentra t ions  of 2 .7  and I 4 3 ~ The

speci men shown in Fig. 8 was used for the crack propagation and plane stress

fracture toughness testing .

The typical locations of specimens taken from the spar cap shape are shown in

Fig. 0 and the  typical locations of specimens taken from t h e  wing plank shape

are shown in Fig. 10. With exception of the stepped exfoliation specimens ,

the specimens were taken at the  mid plane of the thicknesses . The longi—

tudinal specimens were taken parallel to the extrusions length . The long

transverse specimens were taken perpendicul ar to the extrusion direction and

from the .630 inch thick spar cap leg and the .8141 inch thick wing p iank

base. The short transverse tensile specimens were taken perpendicular to the p

longitudinal and long transverse directions . The specimens were taken from

the spar cap at the intersection of the .i;30 inch and .9140 inch thick legs

and from the wing planks in the 1.90 inch high riser.

After machining , the tensile , exfoliation and fracture toughness specimens

received no further processing. Subsequent processing of the spectra fatigue

specimens included etching followed by chemical film treatment or saturation

shot peering plus etching and chemi cal f i lm treatment . The fatigue stress
concentration notches were drilled and reamed after all processing was

completed. This processing was performed in Lockheed-California Company

production facilities with the same procedures as used to produce P—3 parts.

‘l’hie chemical film treatment was in accordance with LAC C—0 1498D (2 ) which meets
MIL—C—55141A. The specimens were given an alkaline etch prior to the applica-

t ion  of the chemical film. The saturation shot peening was in accordance w i t h

LAC C_l1476C(14) which meets MIL—S—l31b5C. SA~I 230 size shot was used at an
intensity of 0.003 to O.008A. •

6
LOCKHIED
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IV .  TEST PROCEDU RES

Tensile Tests. Thnsile tests were conducted in accordance with procedures

established in ~l5 i’M Specification E8, entitled “Standard Methods of Tension

Testing of Metallic Materials”. Speed of testing was controlled by adjust-

ment to a machine cross head speed to produce a strain rate of .005 in. per

in. per minute through the proportional limit. This  cross head speed was

maintained until after removal of the extensometer at which  t ime  the cross

head speed was approximately doubled until specimen failure . Determination

of yield strength was made from an autographic load vs. strain curve and

was specified as 0.2 percent offset. Elongation in a two—inch gauge lengt h

and reduction of area were computed in accordance with the  ASTM procedures .

EXCO Exfol iat ion Tests. Th e  EXC IJ tests were conducted in accordance wi th
the procedures established in A7~’~1 Spec i f ica t ion  G3 14 , e n t i t l e d  “Standa rd
Method of Test for Exfoliation Corrosion Susceptibility in 7XXX Series

Copper Containing Aluminum Alloys ( E X CO Test).” The total surface areas

of the speci mens were calculated to insure that the amount of solution

exceeded 50 milliliters per square inch . Specimens were inspected after 2~4

hours of exposure and af ter  rarnoval at 148 hours .

Salt Spray Exfoliation Tests. The seven—day salt spray test was conducted in

accordance with Lockheed Specification C-0521F. In this test , the specimens

were exposed to a cyclic spray consisting of a solution of five percent

sod ium chlor ide adjust ed wi th gla cial acetic acid t o a pH of 3.0 to 3.1 as

follows :

a) 145 mi nut e spray

b)  2 hours of dry air purge

c) 3 hours and 15 minute soak at 145—95% relative humidity

The six—hour cycle is repeated for a total period of 7 days (28 cycles).

The specimens were then rinsed in water and immersed in concentrated nitric

acid at room temperature followed by a water rinse.

• 114 . -
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I
I Flight -by-Flight spect ra Fat igue  Tests. The f l ight -by—fl ight  spectra t a t  igu~

t e s t s  of 1.5 inch wid e specimens were d~ c~ ed on twc  ten t h ~ u sand  pound

I closed loop electrohydraulic servo controlled test mach in es  w h i ch  were de-

signed and constructed by the Lockheed-Calit ’orrd~ Comp any .

I Figure II shows the installation 01’ two specimens In the t e s t  : : acnines ,

which are numbered channels ~ and 14 and are side-by-side ‘~o f a c i l i t a te

I :no:iitorin ~ of incipient cracking and crack growth. Fi gure 12 sche::.at I caLly

illustrates the arrangement of a test machine and nagnet  ic  tape Lend pro-

J grammer. In the installation used in this program , the two :nach~ncs were

i n  parallel and were run by two independent programmers with only one tap e

I deck. In these machines , loads can be controlled within a scale accuracy

of 2 percent at frequencies up to 145 Hz.

I As indicated in Figure l2the loadi:i~ System employed the tct1ewin ~.- safe-

guards against specimen overload.

j  
1. A load limiter was included to protect the specimens tre: spurious

electrical signals as well as operator error by simply i i t I n ~ the

j  
maximum amplitude of the signals to the pre-selected value

2. .A high-speed dump valve , located across the hydraulic lines i e t ~ceen

the servo valve and the servo jack protected the speciueii s ire:::

overload in the event of internal valve leakage from the hiy di-aul ic

J pressure reservoir to the high pressure side of the jack .

3. A high-speed relay was located within the servo valve amp l i f ier. In

j  

the event th~ rate of Increase in the command signal w o u l d  h ave

exceeded that which had been programmed , this relay would have l o c ked

the servo vaL e and opened the high-speed dump valve .

1 Specimens were restrained from buckling wider compression loadings by us ing

j an anti-buckling bar support on the specimens . Figure J3 shows the bars
Installed on a specimen . Contact between the specimen and bar support

I assembly Is through teflon and the assembly is installed by finger t ightening

to preclude any load te lug carried by the ant i-bucking assemb ly .

I 15
LOCK H~~E O



- 

~~~~~~~ ~~~~ 
— 

~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~

--. 
~~~~~~~~~~~~~~ 

-
~~~~~~ ~~~~~~~~~

)

_ I .

1 _ _ _  

_ __ _ I

1 
:- ‘

~~ r 
__

_

_ _ _ _  

I \ ~~~ 

. t :  i • -
~~~~ ‘ 7 • 1 ‘ u  ec~~r . ’— i1yd ~- t 7  I c

0 ‘ 1 led ~
‘
~-c t ~ ac i : i u cs

~OC~~H E E D

• • _ _ _ _ _  ~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~•



_ _ _ _ _ _ _  ‘ -~ -~~~~~~ - ~~~~~ 
-

• -~~~~~~~~~~ • --- ~~~~~~~~~~~~~~

I
I 

_ _ _  _ _ _ _ _

I LOAD cE L L

jj ~‘ L OA OC ELL A M P L I F I E R

I
LOADING COLUMN

I
1 HIGH-SPEED

j
~~~~~~~~~~~~~~~~ LIC

4 LOADING JAC K
.1

I
~ 

MEAN LOAD
4 / REFERENCE SIGNAL

SUMMING JUNCT ION

I 
R E L A Y

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1 

UNfl IFOURTRAC Yd
J

A M P L I F I E R
TO SECOND
LOADING COLUMN

F l u : e  1 P l o c k  Di a  r e  •u ’ T t ’ : t  01 0 ‘~ ‘c” P 1 1  : — l ’ v — ~’l i~~h~
r i  F a t  1 II ’ 10 t S

I
LOCKHEED



- 

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

)

I.. : • . . - 
~: 

t f l
- ‘w 

~A~
4;%

W •

4

A . - , . .~~~~
; . . 0 : : ’ •:‘:‘  ‘ ‘ ‘ : . \c c : :

I .OC ,~ HC~~D

— 
~~~~~

-
~~

--
~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ : T -. 

“
~~~~~~ -~~~~~~~ - - -

~ A



~~~~~~~z :  TL~~
”

~~~~~~
’
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~

—
~~~

--—
~~~

-
~~ 

—
~~~~~ .

I
I
I L)uri ag the tea ti zig , I hi ’ :; p e e l  mi-n :: weri- exwni ned at  ‘ it;: 1 eve :-y I 000 f l i g h t

using a m~~ n1 1~r I ng g I in ; a to detect I mc! ph i - n t  ~-rnok I ng - Din- I ng j ); t.  ‘ - r i

I o 1’ e ra ck ~ t-owt h , a I i  tie l v  gradu at ed i’ul or was r i ’i.nl by a in: t  or ; I fy I t ig  g Iii ;; ; ;

at 1 ut,e twa I a whl eh were  dependent upon t i n ’  m I t ’  1 1 ’ 1 ’ n i c k  ~ rowt,h

I’he a pta-I. ru ol’ t.’atlgue .1 end I ugi ; used iii t,h Is test I if we ri ’ do ml Vt ’ll I ’rotn
operationa l. S o ny  I c ’~ ’ .1 ~lUil  I ng records for the P — A A  F’ let’ !, US p art ,  of

I Contract  NOOii I — 7 o —A— tX ) .L , Order No. K~l ~I r , “Oerv Ice  I • I l ’r Kxt .ei ts  Ion Program
(SLFa ) Par t  I ” , (Reference I ), which was i’te r formed at the Lockheed-Cali f o rn i a

I Company. Phi S a pt ’~- ( .t •u I a uppr opr .t ate 1’oi- I tS  e .i a t i ;  i a program • as I t is
has! ea.L Ly t h e  S p t - c  t .i-:t to wti I oh I. he 11) ~)—T(l’, (  mu t-eri a I wou.i (I be subj ected

I I 1’ used Iii the F—~ series ui rera Pt. Table - lIst,:; tire ,‘~ re : : ;  : l r ~e :1

I ~ffl ;: of the I’ — ~A t , e : ; t  :pt ’t ’ t . m n  t ak en  l ’rom He lore r i o t ’

I To preclude t he fa t igue test specimens being su bj ect e d  to very large

numbers of f l ights  In  the testing, the Lest spectra Londi ags were I nereased

J in magnitude by . L~, to 30 percent to shorten t h e  f I  i~,hi t s I.e c rack ha i t i  nt .ion .
In the tables and plots o ” the test data , this h t i ~~ - ’~::a’ Is  rioted as a st,ress

J factor (i~ .F . ) , by wit! cli all load tags in the a pe~-L i-u have tu’en multiplied

For example , .F • .1 . .~~) means all loadings huve beet ; urn I t .  I p l ied by I .30

(Increased by 30 percent) .

Speci mens were generally selected for tea ting In  pal ma , oat ’ each of

I 7O75—T6~il0 ari d 7050—T71’510 wi th  the same s t r ens  concent .rnt .Ion , processing ,

product form and grai n dl rect .1 on. Vii Is procedure wan adopt ed I.e m in i  ml :~cI the ef fec t s of’ load var! abi I ty.  Anid i t I onal ly , each at  I oy pal r wan pen i —

t toned in the tent fi xturt ’ to min i  ml :~e arty b i n n i ng e l’t’eet due t o pen i t  I cii

I in the fixture .

I Al l  of the fI.i ght—by—f 1 ight spectra Fat. I gnu ’ tests W e r ’  oonduot ,ed in

laboratory ambient conditions at room temperature (H.P.) and 1t0 ~i(~%1

relative humidity ( R . H . ) .

I 1’~
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TA1~LE 7 FI Ic,}rr-RY-FLIG }rr FATIGUE TEST tiPPER S(flWACE STRESS SI~1CTRA
( I ’ - -~i\ OPERATIONAL MISSION M~~ : SLE P , PART I)

(GROSS AREA STRESSES)

~!EAN j 
~ CYCLIC MAXTh~J?-! MINI MU~’! 

.T0RMALIZED S~~ ESS!S

s~~~ss sTp~ss s~~~ss s-r~~ss ~~~~~~~ Ap~p r :~: :~(y s I )  ( :.:sI) ( K s r )  (~~ I)  21.2 2 1.2 ~~~~ 3’z’rs .

‘r~xi ~ rD tA~1DI~ G

3 .3  .8 — 0 . 2  0.179 3.13~
5 8.8 — 1.2 3. 236
6 ~~.S — 2 .2 2 .253 ~~~ C0

7 10.5 — 3.2  3.330 1,120

3 11.3 — ~ .2 3 .37

9 12.3 — 5.2 0.~ 25

10 13.8 — 6 2  0.~~~2
11 1~ .3 — 7.2 2.510

12 15.6 — 5 . 2  3.~~oo

3 .3  13 16.8 — ~.2 -_3.1~9 0.6 13

________ _________ ________
MAN

~

tTV

~~

S 
___________ ______

—1. 2 — 3.2 — 11.2  — O . 3 ~~0 0 . 15 ”

5 — 2 .2  —12.2  3 .236 3 , 3 C ~
6 — 1.2 —13.2 3 233 “30

7 — 0.2 — 1~ .2 0 .33 0 332
3 + ~.3 —1 5 .2 0 .377

9 1.5 — 16.2 3. ~~25

10 2.3 —~ ‘.2 3.~~72

U 3.5 —13 .2 0.~~9

12 l .5  — 19 .2 0. 5 6 6

13 ~~.8 —20.2 ~.613

— 7 .2  1~ 6.3 —21. 2 —0.~~ 0 C.~ 60

1~C0 ~1ight rindo~ cycle tape ~a.Ie vh!~ h ~.s applIed f~u~ ~i~ es
to ~et the spec!~’Ied nu.’sber o~’ ~~c1es in thIs ~‘c’1~~r. in ~33~
~‘1ights containing an average or about 5 ~yc1es ~er f1i~h~ .
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r ’ , ’ l l 0 t.ai~ t •.\:nl’ 1 .1 .~;u Io ‘~~ t a c k  I’ r~•,pagat I ~‘:i I t ’S t o  . I t : , ’ c ;-: r ~’k } ‘i’~ I :t ~’ :nt I • 1: . 1 t I  i t

w0 ;’ t ’ ge::’’r~tI od ci i  • - : e o c d — 1~a’!’ e l e c t  ;-e— t ;ydr :rul I ‘ct  : c rc i :  I : n I :t l ‘ : t , i i  :g

e l i _ ’. — : t a t r t ’’.:a ;-~ t I o of I~ = +0 .  Ic,) . ‘ i t ’: I : t i ; -  at ~~.0’

1:0 i ye lusni di ty (H. II. ) :u;d met : :  t :~i r :0, ‘I ~~’~ H . II.  t ’:i~
- I ;-~‘a mea t  we

t I  re ::, t , ‘:::t ’ r: t t : ; rt ’ H . .‘ . ) .

‘Pc p l’ ’vent .  out  —~‘f—Ioading—plane distort. ton of the tc~ t a pt ’cimei; In  the

\ l c i l l t t \  of t h e  crack , a nt i— bu c ku i n ~ bars  were : i t  I :rt ’h’l al~1 ’r~’x :c:rt.t ’lv two

1 1 1 0 1 1 0 0  : i i ’ ,~v t ’ ;u tul  below t I ;t ” cr ack  ;rn  :; t i O w l i  i i ;  F I ~s. I~i : i r r ~I I

Ci’nnck I •‘;v t hi r ’’:r~I 1 :10;: were taken nra I i ’ ~ • •r t • I • ‘a 1 t.e • - t a i l  tp r t ’o . 1” I~•’ . I ’ ’ S 1:0w;,

the (“i X I 0  micrometer microscope that was ~a:• ’d

V : rr i ou ; ;  , ‘ ‘c S S  0 ! , 1 .  ,‘aS levels wer e inc h I 0 
~ 
rs ’I~:l7;nt.e crack I ing ‘ i’,’::: t h e  ,‘ .

I a c t i o n  • r ig : :cnuu i ’: n c ’,u red  not;ch t o  • ‘ r a , ’k I t ’ii• t hin of ‘ ‘ . ~ :n i i d  ‘ ‘ .e I

I’ r’a ctur’ o I’ , ’i i ~ t ; ;u ’an (‘eats. :\t I 1’ra~-t,nrre toi:~~t i i i , ’ns ~ K — C u r v e )  t en t . I’1’ 0s ’0,hl i’t ’
~~

t ’o I I • ‘wod •\7 t’M H ‘el — ‘in ’’l’. ent i t led , ‘‘Teii ta t I \‘c ki ’conu nt ’;ide d l’ r : r • ’ I ce ‘o r  ‘1—
Ci ; rye Ot ’ I i ’ i-rn i t ; ; ;  t i or ; •

• fli t’ t’:nt i gao pr’’cracking was c o n d u c t e d  ;tt 1’ I I . -, 1; ;  c l o n e d — I c c ; ’  e I ,‘,‘I r ’I : \  lr:r:7 I

an t  v e r n a l  :aachiines  in I abot -a to ry  at i’ and itt : t a t  ri’s:; ; - ; t I c  +0 _ 1 - l i i i ’ ‘c i x  i —

r u m  load wan decreased so that . a f ina l  V :1 t ito ci ’ ~\k ‘ci ’ I t ’;: s t too:  ‘7 It :: I I ’, : .

wan  maintai ned for the lust. 0. ~ t a c t ; of c ;- :nck gr owth  I c  a n n u r ~’

i ni t i a l  crack wits  dove I ope d fo ;-  t t i e  fr : n ct . u i - e  1 0

All s tatI~’ f t - a c t  are tests were co i ;d i i c to ~I I a 1 abe t n  t o  my a I i ’  :r I r - ~a’r: t ’:’i’ e m it t i: r~’

or — n ’ ’ ’ 1” it ;  a closed — L oop t ’lt ’ctrol;v ~It-nitl Ic ;uitvn ’r:;,’nl I t o ! ,  : r n i c t i i n e . .\ l oad ic:

r ate  of : ipp t -ox  I n a t . o ’Lv sO ,707 po u n ds ~; iu i t i u t e  was used . .‘\ut I b a c k I I ~ u ; ide: ;

were located ~t p p n o ~ i u i a t e i y  eta,’ i n c h  abo ve  and be I ow t l i t .’ p l an e  ci’ the cruo~ in ;

all tents . No displacement ~ugea we me us ed t o  :110:10 a r t’ c r ack  opet:  I no •i I ;: —

p lc i t - e :nen ;t , cue ci; each n I it’ of the  spec I i ne r t  • Phi’ ga ~’:ea u s e d  w t ’mi ’ t In e  c i i

double caut i  lever type des~’ m l  bed in  tO ~~ F ~~~~~~ • eat i t .  led “7 t . ; ; ; : ,hu r~i l’en I ~‘,et huo , I

LOCKHE EO

H
- — ‘-.‘—,—‘—— ‘~~~~~~~~~~~~‘ ‘  — ‘—‘——-— ‘ — ‘-“- —‘• A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —‘-~~ -— —---- — —— “-  - ‘ -  ‘- • - .— --—- --— ——- ——



- 
- --- -

I
I
I

I t ?  ItI.R

44

C’  ‘ — , . e : ’ I ’~~’ ’  0 ‘ — , :

—0 ‘Id i ’~ u ‘ ‘ ‘1 . 1 ‘‘ ‘H~’ ’ , ’ ’ :  c

~ I
I

I I
L O C KH E E D

_ _ _ _  ~~~~~~~~ :



-. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~c-’ 
~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 

-,

For F I a;;e — 7 t n-a in Fracture (‘e u u ~j  ii i ons  el ’ ~l 1 : ;  I i i ’  I~:; I ’; ’ i n  I:; — ‘‘ l u ,  ‘n ‘ ‘ 1:11’, ‘a
were  p laced at. the  • -e ; u t e i -  of lOut ’ c r a c k  I t t  w ’ ’t ’n I . \ , ’e o:t u ’. e :c ’ :u : ; t  1 -  L’cuo ; i d ; :  c l i

w e r e  l ’e:c1e~t t o  t h e  a pec l ur e ; ; .  Tue -n . e I e i i : ’ i h u  wa s  C . .  ‘ I :  - I K e  cc l  I ’~~ 
0

ci’ the load transducer a;u~i t h e  t w o  • ‘cml l. l an c e  ‘ :1: 0:: \~~‘rt ’ l o,; .H r , ’~- u 1 ’  1 ,

the R,ve C :r : ;v o t u  ~‘o r ; l ’ u u t c r  t ’a~’j l iL \ ’  : r l ; , i  , ‘
~~ u i ’ : ; ;  • ‘ r — u  1 cI  t . , ’ ,h r , ’.’::, I t ; ’ t I ’ I , : t ; vet -n : ; : ;

~‘o::;p I  l a n c e  w e t~tc ~‘h ’ t :r .i. un ’ a . [‘h u l a  t e n t .  ~ ‘,s t ’ ’:’ . 1:1:; l oo t ;  • n ’ n ’ r i  h ’ , ’,j iii : ‘ t . ; r  1 ii;

He 10 I’0 l 00 7 -

:‘iV c raCe i is p.1 ncemt ’ at  :ne:t s ,;l’er t ’’, u t s el i.:; . i i  ;ea I ’ i’~ ’ : ,  o n e  I we CoCoa \,~ t-e

act  e i— n: n u n ’  t h e  cc’r ;’es ponu ~Ic. i~ • — n a ’  \ I on .  ‘:1 k:; . ‘ t i c ’. I a n : ’,:; I : ;  1 .1  on t i-em ~‘r :;~’ u~ ‘l’~;:
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I
I ut i l iz ing monitoring and controlling thermocouples attached to the panel ,

and solenoid actuated valves . The temperature was stabi] .ized at -65 ± 5°F
across the panel width for 5 minutes prior to testing . Figure l~’ shows a1 -65°F test set-up.

I Data reduction was conducted per ASI~V~ E561-7nOr .

~1
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I
I
I
I
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I
I
I
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V. I’HC~’ RHCIJ i~i’C AND DI SCUSSIO N

I Chemical Analyses. The chemical analyses results, Table 3 , show ni l
the test mater ial was wi th in  the required chemical composition limits .

I The analyses per formed on the 7050-T7L73 wino plank material at Lockheed

and Ai’cra ’s Technical Center were in close aptreement .

Tensile Properties. The tens i le  results , Tables 4 through ~~~, show the

I 7O5O-T7 E7~ and 7O7~ -T65l0 test material have comparable tensile properties .
Al l  the 7050 test values show a “ percent or greater margin over the

7o7~-T6 extrusion specif icat ion minimum properties . Specifically, the

I longitudinal 70’O-T7E73 properties exceed the 7075-T6 mininaun requirements

by 14 to 11 Ksi in tensile strength , 5 to 11 Ksi in yield strength and

I to 7 percent in elongation.

I 
Associated with tensile properties , corresponding Rockwell B hardness
values were determined on the test material and reported in Tables 4
through a.

I
Exfoliation Behavior. The exfoliation test results , Tables 14 through 6 ,

I show the 7050-T7E73 extrusion s to hav e an acceptable level ol’ exfoliation

corrosion resistance and the 7075-T6510 extrusion to be almost as good .

I The behavior of the 7075 material in this test program is better than

expected for the T6 condition. The Lockheed results represent a composite

I of the E~CCO and 7 day salt spray test results. i ome difficulty was

encountered w ith EXCO testing in that one set of result s showed the
705O-T7E7’~ wing planks to have an ED rating on the T/lO planes and upon

I retesting adjacent specimens only pitting was observed . The 7 day salt

spray results were more consistent and less severe than the E~CCO test s

I in that the 7050 wing planks had an EA rat ing on the T , ’ lO plane . The

res ults fr om Alcoa ’s Technical Center are the result of EXCO testing and

are in agreement with the Lockheed composite rating.

I 27
L O C K H EEDI I



1’

a

W\ H CM H U” CME-~ 0 0 0 I 0 I 0 0 I
0 - 0 0 I 0 I • 0 1

C . . . 0 •

CM CM
‘~o -~ L(~ Lf\ -~~ 0 -~

~-4 0 0 0 0 0 0 CM 0
E
~~~~d d  d d d o  o d d

U-
’‘-4

G\ O\ 0 0 0
~.i I 0 0 H H —4 0 0 0

N~ aj . .

0 0 0 0 0 0

E-i
C/) Cfl

-~~ H 0 ~~~~~~~~
~-4 0 0 0 0 0 0 I H CM0 0 . . . .

H 0 0 H 0 0

d

-a
N- 0 0 0 CM .-4
b ,~ H 0 0 0 0 0 Cfl 0 0
N- ~~~ 

. . . .

Pt 
0 0 0 0 0

CM N- ~O L(\ N- N- H 0
.-4 0 0 0 0 0 CM ,-1 H

cY~ U) . . . . . .
N- 0 0 0 0 0 0 0 0 0
cit 

___________________________  _________

CM LI’.
• U-’. 0 (X) t~) aD 0’. L(’. N- N- a)o a) H H 0 0 0 0 O~ H H

U-
’ ~X4 - . . . • . . . 4-,o 0 0 0 0 0 0 0 0 0  -‘-4

N- _______________________________ ___________ 
C)

- U)
p4o • 0 H CX) 0 t  0’. • -a ~~

-
CM 0 0 0 0 0 H tr ’. c~~U) I - . . - . I . .
0 CM CM CM CM CM CM H H ..-i

CM H U)
E-l _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  bO
I-I
CD 0’. CSo • 0’. ‘0 tn aD CO • H LI’.
Pi CM H (Y) (Y) -4- CM u-~ -~~I . . - . - I . . (5
o 0’. CM CM CM CM CM H CM CM
C) . . U)

H CM CO
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  

ci)
‘-4C) N- . H

H • ‘0 CX) U’~ CC) N- • 0 c’~‘0 N- U-’. ‘0 ‘0 Hcit I • • . • . I . . (I)

= ~-t N- tf” %D ‘0 \O \C) H LI’. LI’. ~-‘C) . .
LI’. tr ’.

— _ _ _ _ _ _ _  -d
H(it cit~~ Pt~o,

I—I .~~ O ’ — + ’  (5 .
~~~~4 C S . ~~ H U )

~t E-~~~ ~~d C) C) O . C X U) O . C X a)
c~ ‘~~~ O C) 4.3 0 Q C ) -4-’ 0 -d  C) C)

El ~ t O  I-’.-.-4 H H H a )~~~ ‘z~ ai~~~~~~ .-i~U) C/)H ‘.t E-l a) H ‘~~ E-~~a) P~-t -i ~C) 0 CD~~~I (5
z

H ~~ .~~ cC ~~~~~~~~ H ~.,4 H ~ Cl Cl H (5 ‘
~~ H

~~ ..1 P. (5+ ’  4 P. ciiCl) U) H O  H O  ~~ H

>-‘ 0 (1’.
0 u.-

~
~~ 0
~I N- N—

-~~~~ _ _ _

LOCK HE ED



—- ~~
__

~~ ‘T”  ~~~~~~~~~~~~r— ~~-~~- 
~~~~~~~~ ~~~~~~~~~~~~~~~~ 

- -—
~~~~~~~ ~~~~

0 0 0 0 0 0 0  LA O 0 0 0 0 0 0  0 0 0 0

_ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _  

~

— -

~~

In 

-

CM In N- C.) ~X) LA H In ~~~ -~~~ CX)~~-Ø \O In 0’. H 0 In a)

~~~ .~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 

-

I I I ’  -~~~

I

~~~ t/) I~~~~~~~~~ (01 P.~~ j C) : : 
•d

El E’ El E~ lI _a

~ 0 % ~’ ~

‘-

~~~ 

—

~~~~~~~~~~~~ 

: :

I ~— .  
0 ‘

~~

i 
~l-
..

N- •
F-’

0 E-i E-I E-4 E-, El E-I El E-4 El
(I)

0 (5 .d
0+’

_ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _  
+ ‘ H ( 5

0 . • H~~1
4-) L A -.. +~ Q)~~ -~LA Cl

-a H~~i~~~
’ • 8  H

0 0~~ C)
[.1 -~~ C) .~~ 0 0  0 1

I-i
Cl) ~~

, .~~ m C) I _ —
~~~~~~‘ I

29
LOCK H E ID



~~ -~~
-
~~~~r:- z- ---~

____________ ___________ ____________ ____ ____________

~ Ei
~~~ 

0 0 0 0 0 0 Cr. ii’. W (’)’0W .‘.c  —4 0 0 0 0 0 0 0 0 ~~~~~~ U’ InCL) -4-
.4’ ~‘ N- ‘. > __t .3 U”) .4 (‘ ‘> .4’ C.) In In CM CM N— -a c’ ~ > 1 ’  .4 C’.) .—l.—1 H H H H H H H H .—I H H H H H H H —4 H H H H —1 H

0 ~~1 ‘0 0’~3 0 CA H N- LA H .4 U’ H i”t N-- CC) N- C> LA H 0 LA U’ 0 _a OCX) CM

_ _ _ _ _ _ _  

~~~~~ 
_ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _

H ~4 CM CO 
~~‘0 0’. (V) H’0 H CM N- N- 0’. 0 H LA H LA In C” . N- C” . H 0’ CM H —a -a

~~~~~~~~~~~~~~~~~~~~~ 

.~~~ UZ, ~~~~~~~~~~~~~~~~~~ U C\J H ‘.0 -4- U~~- 4 - U 4~~~~~~~C O u) C O a ) a ) a )  ciD cX) C O C O C O . U~ o C O  CO t r t a D C O C O c c.’ COO)
1-4
U)

~1 U)
—I CD

~~~ 

0 • • I U-’. I I I
I I  I — I I I

‘-4
p.

0

~~~~~ 

~~~~~~~~~~~~

N- 0 ‘.0 0’ N- H fl C’ ‘.0 ~\ LA 0’. ‘Ci H
CX CXC) In In ~Y’. U”) In (‘V ) (Y~ C’) cv) In ~~~ cn -d

U) ~~~ 
Cl Il ~~aCS In

_ _  _ _ _ _ _  _ _ _ _  ____  —~~~__ _ _

• 
;; ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~

:; M

Cl) ‘~C~~ -~~E-’ C-) ~~~~~~~
El El 0 (5~~~4 Cl

.-4 ~1~~~ -) 0
4~) ,-4 (5 -d

_ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _  CS (5
U) C>

H H
Cl

C’) In H 4A)
CC’> CX)

~~ 
~~~

-~~ U’ .  ~~‘ I’) U’. 4’ f’ ) —s - --. ~—.

C’ >~ 0 Q ~~ H CM “• I ~— C — I’—l •—~ ..— -—

LOCKHEED 
-

— ~— .-~-~- • -~~~.:i::t— ~~~~~~~~~~~~~~~~~~~~~~ _ .-



II
I 

_ _ _ _  _ _ _  _ _

O r-I 0 0 0 0 0 0  LAO

0 ’ 0 ’ C MO L A L f’ .  C M I’ )
q4 H r-I H r-I N-

• _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _

I
~~~~ ~~~~~~~~~~~~~~~~~ 

OC X)

t4 m N- 0 ‘.o .o In ..a CM 0 CM

J ~ ~- -CX N- N- N- N- a) CX) N-

Cl)-. U)
.4 Cl’. H-4- (fl In 0 CC) In Cl

E 4 ( 0~~~ •
N- 0 CO N- In 0’ CO Hc/) CC) 0’. a) CO CX) CX) CX) CO CO

t-
~

H — .1
(I)

‘I
_ _ _  

0, _ _ _  CM

0’. I I

_ _ _  _ _ _ _ _ _  

‘ ‘
— 

I

I 

_ _  _ _ _ _  _ _  _ _  

Ui
I 1

0 
_ _ _ _  

a ) C O CI Cl
_ _ _ _ _ _ _ _  _ _ _ _ _  — H •r4 C)

U) (5 11 4-) Cl
U) CS ~ 4

I-C El ci (0~~~El LI’.

H Ci Cl

_ _ _ _ _ _  _ _ _ _ _  
0 Lt .d Cl

•r4 ~~ +‘ 0
—.. .4.) H (5(5

.4.) 

~-E!. ~~~~~~~~~~~~$ 
~~

‘ 0 U) 0 Cl
‘
~~ CS~~ 

‘.f) a ) C•~
El o ~ g 4., ~~~C’~J ~~~~~~~~~~~~

H~~ 
H

~~~~~~ 
‘b>

~-~~~~’
Cl) ~~ El _

,-4 CM Cv)
U- - — 5— 5—

>40 LA

N-

a - 31
LOCKHEED

- -~ --



— — , - -. -—-- - - _ ,
~~~ 

_ -.- . ‘- .‘. ‘ “ “  ~~‘ ‘ , , _— —~
,__ _
~~~~

__ - __• -y— ’__
~•_’•_-’_ —.—

~
---- -‘—_•—-—

; )
~~~

In a dUI i t t ~ n to exfol iat ion testing, the electrical conductivities of the

test n~ terj als were measured , since conductivity is used to confirm proper

aoe stabil ization for accept~~ le corrosion resistance.  The values, shown
as percent International Annealed Coppe r Standard (% IACS ) are presented in

Tables ~+ throu~.th o .  The 7050-T7E7 3 material had electrical conductivity

values of ~7. 0 to ‘~
Q .1-’~ IACS and the 7075-T65l0 material had values of

30.8 to 31i .~~~ IACS.

Stress Corrosion Resistance. Although stress corrosion testing was not

included as part of the Lockheed testiiv , stress corrosion testing was

performed at Alcoa ’s Technical Center in accordance with ASTM G1O.~-75

entitled “Standard Reconunended Practice for Alternate Immersion Stress

Corrosion Testiug in ‘
~.5°~ Sod ium Chloride Solution .” The results, in

Appendix A , showed 0.75 inch “C” rings taken in the short transverse

grain direction of 7050-T7E73 wing planks and stressed to 10, 15, 20, and

25 Ksi had no failure after 1~7 days of testing. Tensile specimens, 0.125

inch diameter, taken in the longitudinal grain direction and stress to

20 and 35 Ksi had no failure after 1~7 days of testing.

Flight—by—Flight Spectra Fatigue. Cross references of test specimen identifi-

cations, conditions and test data for the spectra fatigue specimens are shown

in Table 7. The flight—by—flight spectra fatigue test results are shown in

Figs. 17 through 26. In these figures, cracking which occurs on both sides

of the stress concentration is added to the hole diameters (.250 inch for

= 2.7 and .300 inch for = I~.0, Ref. Figs . a and 7) and the total

lengths are plotted vs. flight hours . The average number of flight hours

per flight for this service mission mix is five.

Basically , the f l i ght—b y—fl i ght fatigue test data show that fatigue

lives of 7050—T7E73 are as good or better than 7075—T6510 for small crack

lengths of approximately 15 inches , for the products and conditions tested

in this program . This is shown in Figs. l’( through 26, and compared in

Table 8.
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U TA BLE ~ COMPAR ISON OF FATIGUE TEST RES U LTS

GRAIN
FIGURE Kt DIREc~rION PROD1’~~ FORM & PROCESSIN G COMPARISON

17 2 .7 Long. Spar Cap, Machine , Et ch , 7O5O-T7E7~ s ignif ican t ly
and Chemical Film better

2.7 Long. Plank , Machine , Etch , 7050-T7E73 s~ gni i’icant ly
and Chemical Film better

19 2.7 Long. Spar Cap, Machine, Shot 7050-T7E73 equivalent
Peen, Etch , and Chemical
Film

2.7 Long . Plank , Machine, Shot 7O’~~O- ’I7E73 s~~-nificant ly
Peen , Etch , and Chemical better
Film

14.0 Long. Spar Cap , Machine , Etch 705O-T7E73 better
and Chemical Film

C’ 14 •Q Long , Plank, Machine , Etch , 7O~ O-T7E73 significantly
and Chemical Film better

14.0 Long Plank, Machine, Etch , 7O” sO- T7E7~ significantly
Trans - and Chemical Film better

- : 4 14 .0 Long . Spar Cap, Machine, Shot 7050-T7E73 better
Peen , Etch , and Chemical
Film

* 14.0 Long . Plank , Machine , Shot 7050-T7E73 equivalent
Peen , Etch , and Chemical
Film

14.0 Long Plank , Machine , Shot Peen , 7050-T7E73 equivalent
Trans . Etch and Chemical Film
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For spectra fatigue, magnitudes of all gross area stress levels in the

loading spectra listed in ~
‘ab1e C were increased by a fixed pers~’entage t~

I 
increase the severity of the spectra. This increase was effected to produce

rei~,istic test durations for the stress concentrations which were tested.

The fixed percentage increases used in each test are expressed as a stress

I factor (S.F.) and are given in Figs. l’~ through 2b.

I 
~:. examini~.g Table 8, it is apparent that the fatigue improvement of

7C :4)—~
’ ’E73 cvei- the 7C75—Ct~5i3 is more pronounced for the machine , etch and

chemi cal f i lm  processing comdination than for the processing combinati~—r1

I ~~ ich includes shot peei~i r.g.

J ‘:-.e f l igh t—b y — f l i g ht spect ra fat igue test results are pr esented ii; tabular

t~~r:~. ir ~ Appendi x B.

J 1-uck Propsgatlon The test  spec im en ide ti1’icat i~ n an d t e s t  cond it i cns

are shown in Table ~) . The constan t amp l i tude  crack propagation data

J generated in this program were reduced to crack g rowth rate (da / dN ) us ing

a ockh eed computer program and plotted in ~- i g ures C7 and 28 as a funct ion

J of \ K .  The s e l ec t i on  of ~K was made to f ac i l i t a t e  the comparison with

other 8imilarly derived data. The expression for AK is:

- I AK = Cl - E
m 
S ~c~~SEC (~ 

) , where
AK is in units of ksi,T~,

R = stress Ratio (S . /Smm max

L = .1 for this program
= .5

bma~ 
= Maximum gross area stress 1r5 ksi

a = l, C of the total cr c tck  length = I /‘ C of the
starter no t ch plus cracking on each side of n ot o b

1 v = Width of panel .

I
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TABLE 9 LIST OF C R A C K  PROPAGATION S PECTh~~~~NS ( 1)  AND TEST C— ~NDlTI0N~

PANE L CRACK LENGT~1 . IN -

MATERIAL(~~
) NU MBER FR EQUEN CY ENV IR ONME NT (

~~ INITIA L FiNAL U

7O~O-T7E7~ 1 o Ih~. Lab Air 2 , 0
Lot A 2 (~ Hz . Humid Air  2 .0 ~~~. 3

705O-T7E7~ ~ Hz. Lab Air 2.0 ~
-
. 3

Lot B 6 Hz. Humid Air  2 .0

7~~~ -Tt~
5
~10 7 t~ liz , Lab Air 7 .0 5 ) $

cj~ ~z .  Lab Air 7 .0
o Hz . Humid Air 7 0

10 ~ Hz. Humid Air 2. 0 5 .3

(1) Rtnel width = it l l inches: Panel th ickness  = .OQ inches

(7)  LonCitudtha i  ~r~ii n di rect ion , wing plank extrusion
(~) Room Temperature

Lab air ~c)~ relat ive humidity
~huni I uir k~-’~- relative humidity

‘4
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I
I H
I Fi ~ru re  - “j compares he crack ~ r owt lx rut. e~; for  IC ‘ C — I l F (  3 u~ d iC 7’ - — - ‘ C

tes ted in u lab or atox -y a i r  envi ronment. It  shows t h u t  t h e  crack p r l p u g : t_

I 
t i o n  properties of the ‘(0’~0—l”(F’(3 are si gni f i can t ly  be t te r  than those of

t he  7075—Th510 , i • e. , the m d i  cated threshold  AK i s  :tp~5r ~5 x i m u t t ~ lv  $C ’~
h i ghe r for  7050—17E 73 and da/d ,N of 70’C— 17F7 is appx-o ximu t e ly  ~ of t he

I 3i — —~ 1’Ii U values . Fi gure C8 discloses somewhat the oame re ’ u l t s , show i ng

th e  0 5 0 — l i E u  again s i g n i f i c a n t l y  better in crack p i-opugat i on p roper t Ies

I lxx a 93% re la t ive  humidi ty environment .

The ~rack propagation data are presented in tabular form in  Appendi x C.

F racture Toughness. The res is tanc e—to—fracture  curves (H — curves ) are

presented in Figs . - 9  and 30 for room temperature  and — t ’ °F r e spec t ive ly .

In Fig.  7s) , for the room temperature testing , an envelope hus been draw n for

each material to show the scatter bands. This i l lus t ra tes  that  (0 0 — T 1 ’F7

has significantly higher fracture resistance than the 70T5— 510 , w i t h  an

increase of approximately 60 to 10 percent above the 7075—Th5l0 values .

L ~imilar1y , the  increase in fracture resistance for the  7050—TTET3 over the

7O75—’r~5lO Is of the  order of 60 to 70 percent for a test temperature of

—uS F, as shown in Figure 30.

Table 1I~
) lists the test conditions and calculated values of K

appa r ent 
and

K - The formulations used were :

= ~~~~~~~~~~ .~[T~ Cj  SEC(~C1)

j — S~~~~~~~~ J f fC 0~~ SEC(_ .~2!) wh ere ,

1 
__________
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F i~~ure 79 H—Curve  Data For 7075—Th5 10 and ‘R~~0—T’7E73 Wing Plank
a t  Room Temperature
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TA HLF: 10 FRACTURE TOUC RNFf ~ UECIMEN 1’FCT co~nrri ~~~ ( 1)  AND R EOULT O

PANE L INITIA L CRACK TEST ( -
~~~~ 

K APPARENT
MATF ;RIAL(~~ NO. LKNGTH, IN. TE?~1l’ERATURE K~3l ~JiN. K~I ~~~~~~

7050—T7E7 1 5 . oOl Room Temp . ~~~~~ 
S

(Lot A) C 5 . - Room Temp. . 07, t s

S . ~Ol —o’ °F t~7 - S 7o . I

7O5O-T7K7~ 14 5 . 30~4 Room Temp. - ‘)‘) . C
( Lot B) 1 ) 75) 7 Room Temp . ~~~~~~~~ ‘ ‘T . 7

(1 5 , ‘I)~~ ~ 5O1 t~C .S 7

7075-ThSL() 7 5 .317 Room Temp . ‘~C . l
8 5 . 707 Room Temp. ~~~ C

5. -~02 Room Temp. ‘~O C ‘‘7.0
10 5 , 705 Hooni Temp. ‘ ‘ 1. 1  ‘0 . iC
11 ~1 , ~O 4’~’°l, ~~~~~~~~ 1~~~
1? s. ~~ — o ’ - °l-’ ~~~~~~~~ 1~ ~~~_____________________ — 

__________

( 1) Panel width 16.1 inches; Panel thickness = O’) inche c

(7)  Longitudinal grain d i r ec t i on , wing plank extrus ion

~ ) Laboratory a ir —~1~~~ relative humid i ty
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I

I
~~~~ = l’~.ximuxn gross area stress

1 cj = 1/2 initial crack length

w = Width of panel

I ccr — 1/2 critical effective crack length

I 
The values listed in Table 10 show a very significant improvement in

the fracture toughness values of the 7050-T7E73 alloy over those of the

I 
7075-T65l0, in the order of 75% at room temperature and at -65°F. It may

be noted , also , that the fracture toughness of 7050—T7E7 3 at -65°F is

significant ly higher than the value of 7075-T6510 at room temperature .

I
1
I
-1
:i

I
I
I
I
I ‘

~~~I
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VI .  CONCLUSIONS

The 7050-T7E73 extruded P-3 wing spar cap and plank shapes , produced and

processed in production facilities have equivalent tensile and improved

exfoliation resistance , stress corrosion resistance, and fatigue properties
compared to Identical 7075-T6510 extruded shapes.

Also, it was found that:
o Crack propagation properties at room temperature of the 7050-T1E73

material were significantly improved over the 7075-T6510 material

in lab air ( ~~140% R.H.) and humid air ( = 98% R . H . )  environments ,

with an increase of approximately 30% in the crack growth threshold

and a decrease of approximately 67% in the crack growth rate.

o Fracture toughness properties at room temperature and -oS°F of the

70 i0-T7E73 material were 60 to 70% greater than those of the

7075-T6510 material. Fracture toughness of 7050-T7E73 at -o5°F is

approximately 30% higher than 7075-T6510 at room temperature .

Based upon a comparison of the above engineering properties , a substitution
of the 7050-T7E73 for the 7O75-T65l0 extrusions would enhance the structural
maintainability and durability of the P-3 series aircraft .

LOCKHEED
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I

VII .  RECO}~MEN DATIoIrS

Bas ed upon the results of this program, it is recommended that appropriate

I 
material specifications and design allowables be established to permit the

substitution of 7O50-T7E73 extrusions for 7075-T6510 extrusions In the P-3

production aircraft .

I
I

~~1

T
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Ii

I
I
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July 9 , 1976

I I.ockh. .d Califor~~ a Company
P.  0. Box S51
Burbank . Ca1~~tor~~~a 9 1520

i At t efl t~Ofl: Mr. ~.org.

J ~ent1.em.n

~ur 1~~; a recent ~estthq you a.k.d .\~ coa ’ s te~~t~~~-s -~v~~~o

I 
7050 t :~aa~~on, at th e sans st ranqth .“el as ~~ -75 . 3e~w
axe listed the f r ac t -~r. to~ gxu~eas , st: .ss-corrosL~~ : t ck .~~ g a~ d
e*fo1~~at~~on ch&ra cter ,t~cs ?.1:~ a wo~~~~J ac res tc  ~r the ? -)

.‘~~1~- of i~ t .gra~~- stiffened ~a~s1s ‘-~t th  the s*~e ~ t t  t e r a~~~e
pr opert ..a of the ~~5-t~5ll ext~~s~an . h~s ~ate :ia1 ~— :-~~i ~ed,s~ q~ .d as a 7 0 -~~~~~~~ O: wi th  t~e ~~~~~~~~~~~ ts~~ erI t o  be seict ted &nd - -~-.e~ Lockheed aqrs.s to t u.s trtrt ~~a 1 ,
The ~~~~~~~~~~ ~r~ c.r r~ es vou~~t app~y the 05~~-r :xx

M~~~~ tui tsnsx1 . ~echa ~~~~ orooert~.s ~~~~~~~~with  thos, of the ~u :rent ‘C75— ~~ 65l1,  :a;:a1 -

I st iffen ed p - 3  panels .

1ct, r~ t~ u~ hn~ s* -~~
2 3 . -c ~~~ S~~. S t .  :L ;  ~T . f i ec-_~~crO -~~~

I
s S Q - -

!xfo1ist ~cn c r rosi tn  1es~ th*n ~,r cqual
that oi t-i:ed .~~ Ph~~t~~çr~~p ’ - ~ ~u:a of
AST~~t ~~34 - ~~~ a t  the 1~ ~~1.~ne vas tested s~

I 
accorfancs w j t h  .‘~STM ~~3 4 .

1. Stress corros ion crackinç :3s~ 3ta r~ e ,
sp.c men. shall be :apable of passin g a
20—day a~ternate irn.ra~~on teat ~sr A$ TM
G 4 7 — 4 6  when atrees.d in th, short t r anav ~,r se

I dI recti on at ~~ t of th. guarante ed : - ~~~:~o2
yield str.nqth.

This informatton has been passed on to ~tr. Sd Balmuth , Nava l Air

I ~~‘et~~~~ Ccsunand . far his analysis. Xt is my undarstanding that
he feels th.ss cheracturistics are aatisfactor~’ ft r  P - 3  applica-
tions. *.gardlees, we look forward to Lockh.ed’s respons. to
this proposal.

V.ry truly yours,

I 
—

A. S .

I mal 5/2
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1977 December 16

Mr. Roy Brodie
1 Lockheed-California Company

P. 0. Box 551
Burbank , Ca l i f o r n ia  9152 0

Dea r Roy :

Attached is a summary of the mechanical property , f rac tu re
toughness , exfolia tion and stress corrosion cracking tests

- conduc ted by the Alcoa Technical Center on the two lots of
7050— ’r7E7 3 wing planks , die no. 21 3562. I understand that

- S you are interes ‘d in possibly att achi ng th is da ta to. your
upcoming summa~ repo rt. Please let me know if we can pro-
- idr’ ~ny ~~“‘t; -~ol in for mat ion .

E l  Very truly yours , —

I
- ,  R. B. SHEPARD

mj 5/6
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APPENDIX C

Ci -ac-k Propagation Tabulaf Data

I Tabular test data for constant amplitude crack propagation tests are
- included in this Appendix.

S The test data locations for the crack propagation specimens are shown in

I the following table :

- Specimen~~~~ Location , specimen (1) Location ,
No. Page No.  Page

- 
1 C-2 7 C-9 & l0

1 2 C-3 &~~ 8

I C - 5 & 6  9

5 C-7 & 8 10 C-15 & 16

(1) For test specimen description , see Table 9.
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