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T h e e f f e c t s o f p u r i t y l e v e l a n d d i s p e r s o i d type on t h e f a t i g u e b e h a v i o r o f 7000 s e r i e s a l -
l o y s w e r e i n v e s t i g a t e d . T e n d i f f e r e n t c o m p o s i t i o n s b a s e d o n the 7075 a l l o y w e r e p r o -
d u c e d w i t h f i v e l e v e l s o f F e + Si a n d e i t h e r C r o r Z r d i s p e r s o i d s . N o t c h e d a x i a l f a t i g u e
s p e c i m e n s w e r e t e s t e d a t r o o m t e m p e r a t u r e a n d t h e f a t i g u e l i f e d id not c o r r e l a t e w i t h
e i t h e r p u r i t y l e v e l o r d i s p e r s o i d t y p e . S p e c i m e n s f a i l e d by t h r e e m a c r o s c o p i c m o d e s
d e s i g n a t e d a s : s l a n t , v e e , o r f l a t f r a c t u r e . S e c t i o n i n g a n a l y s i s s h o w e d t h a t t h e s l a n t , v e e ,
a n d f l a t f r a c t u r e s r e s u l t e d f r o m s i n g l e , d o u b l e a n d m u l t i p l e i n i t i a t i o n , r e s p e c t i v e l y . B o t h
i n i t i a t i o n a n d p r o p a g a t i o n in a l l t h r e e m o d e s o f f a i l u r e s w e r e d o m i n a t e d by s l ip r e l a t e d
f r a c t u r e on t h e {111} p l a n e s i n c l i n e d a t 35 d e g to t h e t e n s i l e a x i s of t h e t e x t u r e d m a t e r i a l .
T h e s a m e f a i l u r e m e c h a n i s m s w e r e o b s e r v e d in s m o o t h f a t i g u e s p e c i m e n s .

O N E a p p r o a c h c o n s i d e r e d f o r i m p r o v i n g t h e n o t c h e d
f a t i g u e s t r e n g t h of 2000 a n d 7000 s e r i e s a l u m i n u m
a l l o y s 1 i s t o r e d u c e the v o l u m e f r a c t i o n of l a r g e i n t e r -
m e t a l l i c p a r t i c l e s s u c h a s C u e F e A t 7 o r Fe3SiA112. In
p a r t i c u l a r , the n o t c h e d f a t i g u e r e s u l t s r e p o r t e d by
R e i m a n n a n d B r i s b a n e ,2 d e m o n s t r a t e d t h a t a h i g h p u r i t y
7 0 7 5 - T 6 a l l o y h a d o n e t h i r d g r e a t e r f a t i g u e s t r e n g t h
a t 106 c y c l e s t h a n a c o m m e r c i a l p u r i t y 7 0 7 5 - T 6 . T h e
h i g h p u r i t y 7075 h a d a 0.02 c o m b i n e d wt p c t of F e + Si ,
w h i l e t h e s p e c i f i c a t i o n s l i m i t s f o r c o m m e r c i a l 7075
p u r i t y l e v e l i s s e t a t a c o m b i n e d wt p c t o f l e s s t h a n 1 . 2 .
T h e o b j e c t i v e of t h i s i n v e s t i g a t i o n was t o c o n s i d e r in
m o r e d e t a i l the s e n s i t i v i t y of t h e n o t c h e d f a t i g u e
s t r e n g t h to t h e p u r i t y of b o t h 7075 a l u m i n u m c o m -
p o s i t i o n s (7X75) h e a t t r e a t e d to t h e p e a k s t r e n g t h
c o n d i t i o n (T651). S i n c e t h e p e a k h a r d e n e d t e m p e r of
7075 i s s u s c e p t i b l e to s t r e s s c o r r o s i o n , 3'4 the f a t i g u e
t e s t s w e r e c o n d u c t e d in a n i n e r t e n v i r o n m e n t t o i s o -
l a t e the e f f e c t of p u r i t y . T h e T651 h e a t t r e a t m e n t
p r e c i p i t a t e s 71' p a r t i c l e s w h i c h a r e s h e a r a b l e by dis-
l o c a t i o n s , s a n d p r o m o t e s i n h o m o g e n e o u s s l ip b a n d
f o r m a t i o n d u r i n g d e f o r m a t i o n . ~ P l a n a r s l a n t f r a c t u r e
m o d e s h a v e b e e n r e p o r t e d by s e v e r a l i n v e s t i g a t o r s 7-9
in b o t h 2000 a n d 7000 s e r i e s a l u m i n u m a l l o y s . T h i s
f r a c t u r e m o r p h o l o g y a n d the f a i l u r e m o d e a r e a p p a r -
e n t l y r e l a t e d to i n h o m o g e n e o u s s l ip b a n d f o r m a t i o n .
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M a t e r i a l a n d P r o c e s s i n g

T e n d i f f e r e n t c o m p o s i t i o n s b a s e d o n the 7 0 7 5 a l l o y
w e r e u t i l i z e d to s t u d y b o t h the e f f e c t of p u r i t y l e v e l
( c o m b i n e d w t pct of F e + Si) a n d the g r a i n r e f i n e r
z i r c o n i u m in p l a c e of c h r o m i u m . T h e s a m e t e n c o m -
p o s i t i o n s f r o m the s a m e h e a t s w e r e p r e v i o u s l y u s e d in
a w o r k w h i c h s t u d i e d the e f f e c t of F e + Si p u r i t y l e v e l
o n the f r a c t u r e t o u g h n e s s .1o T h e e x p e r i m e n t a l c o m -
p o s i t i o n s a r e g i v e n in T a b l e I a l o n g w i t h the c o m p o s i -
tion l i m i t s of a l l o y s 7 0 7 5 ~ a n d 7 0 5 0 I~ for c o m p a r i s o n
p u r p o s e s . T h e 7 0 5 0 c o m p o s i t i o n is a c o m m e r c i a l

7000 s e r i e s a l u m i n u m a l l o y w i t h t h e z i r c o n i u m g r a i n
r e f i n e r .

T h e 7X75 s p e c i m e n s w e r e c u t f r o m 16 m m ( 0 . 6 2 5 i n . )
p l a t e w i t h the t e n s i l e a x i s p a r a l l e l t o t h e r o l l i n g d i -
r e c t i o n . T h e i n g o t s of e a c h c o m p o s i t i o n in T a b l e I
w e r e s e m i c o n t i n u o u s l y c a s t in 100 × 355 m m (4 × 14
i n . ) m o l d s . P r o c e s s i n g of t h e i n g o t s t o t h e f i n a l p l a t e
t h i c k n e s s , s o l u t i o n h e a t t r e a t m e n t , a n d t h e T651 h e a t
t r e a t m e n t a r e g i v e n in d e t a i l e l s e w h e r e . ~ ° , 12 T h e i n g o t s
w e r e u n i d i r e c t i o n a l l y r o i l e d s i n c e c r o s s - r o l l i n g was
n o t f e a s i b l e due t o t h e i r s m a l l s i z e .

T h e T651 l o n g i t u d i n a l a v e r a g e t e n s i l e y i e l d s t r e n g t h s
a r e g i v e n in T a b l e I I f o r a l l t e n c o m p o s i t i o n s . 1 2

F a t i g u e T e s t i n g P r o c e d u r e s

N o t c h e d r o u n d s p e c i m e n s w i t h K t = 3 w e r e m a c h i n e d
a c c o r d i n g to t h e g e o m e t r y g i v e n in F i g . 1 . T o a s s u r e
t h a t t h e t e s t r e s u l t s w o u l d n o t be b i a s e d by r e s i d u a l
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Table I. Composition of Tested Experimental Alloys Compared to
Commercial Alloy Compositions

Composition, Experimental 7X75
WtPet 7075 A B C D E

Zn 5.1-6.1 5.89 5.91 5.93 5.93 5.94
Mg 2.1-2.9 2.19 2.42 2.39 2.35 2.36
Cu 1.2-2.0 1.50 1.58 1.60 1.64 1.63
Cr 0.18-0.40 0.21 0.22 0.21 0.21 0.21
Fe 0.70 0.02 0.05 0.08 0.13 0.20
Si 0.50 0.01 0.02 0.04 0.06 0.11
Mn 0.30 <0.01 < 0 . 0 1 <0.01 <0.01 <0.01
Ti 0.20 0.004 0 . 0 0 5 0.012 0.012 0.009

Others (TotaI) 0.15 <0.01 < 0 . 0 1 <0.01 <0.01 <0.01
Fe + Si 1.20 0.03 0.07 0.12 0.19 0.31

Composition Experimental 7X75
Wt Pet 7050 A-1 B-I C-1 D-1 E-1

Zn 5.7-6.7 5.73 5.68 5.84 6.02 5.98
Mg 1.9-2.6 2.39 2.39 23i 2.33 2.45
Ca 2.0-2.8 1.50 1.51 1.54 1.51 1.52
Zr 0.08-0.15 0.12 0.12 0.12 0.12 0.12
Fe 0.15 0.01 0.04 0.08 0.11 0.20
Si 0.12 0.01 0.02 0.04 0.05 0.09
Mn 0.10 <0.01 < 0 . 0 1 <0.01 <0.01 <0.01
Ti 0.06 0.0004 0 . 0 0 5 0.006 0.005 0.006
Cr 0.04 <0.01 < 0 . 0 1 <0.01 <0.01 <0.01

Others (Total) 0.10 <0.01 < 0 . 0 1 <0.01 <0.01 <0.01
Fe + Si 0.27 0.02 0.06 0.12 0.16 0.29
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s t r e s s e s i n t r o d u c e d d u r i n g m a c h i n i n g , l o w s t r e s s
g r i n d i n g c o n d i t i o n s w e r e u s e d .z3 F a t i g u e t e s t s w e r e
p e r f o r m e d in a 2 ton ( 1 7 . 8 KN) S c h e n e k m a c h i n e w i t h
c o m p l e t e l y r e v e r s e d a x i a l l o a d i n g (R = - 1). A n u m b e r
o f s u p p l e m e n t a l t e s t s w e r e run in a t e n s i o n / t e n s i o n
m o d e (R = + 0 . 1 ) t o p r e s e r v e t h e f r a c t u r e t o p o g r a p h y
f o r m e c h a n i s m s t u d i e s . B e c a u s e o f t h e i n h e r e n t l y
l a r g e s c a t t e r in h i g h c y c l e f a t i g u e t e s t s~4 a n d the l o n g
t e s t t i m e i n v o l v e d , a l l s p e c i m e n s w e r e t e s t e d a t only
t w o s t r e s s l e v e l s . I n t h i s m a n n e r , e n o u g h f a t i g u e l i f e
(Nf) d a t a was p r o d u c e d w i t h i n t h e s c o p e of t h e p r o g r a m
t o e s t a b l i s h s t a t i s t i c a l l y s i g n i f i c a n t t r e n d s r a t h e r than
g e n e r a t i n g a n e n t i r e S - N c u r v e f o r a l l t e n c o m p o s i t i o n s .
T o i s o l a t e t h e n o t c h e d f a t i g u e b e h a v i o r f r o m the c o r r o -

NOTCHED FATIGUE SPECIMEN, Kt=3

Att mMm~om ~t ,, ,,tin

THESE SURFACES FLAT AND PARALLEL WITHIN 0.0005
AND SQUARE TO PITCH LINE OF THREAD.

t-, 3 " LL'J
l-" l THREAD: ½"-20

R=4"

DETAIL "A": NOTCH CONFIGURATION

0.0120" + 0.001

6
8

0.250 _+ 0.001 I 0,3333 + 0,001

Fig. 1-Notched fatigue specimen geometry. Machiningdimensions are
in inches.

s i o n f a t i g u e c r a c k i n g , 3 ,4 t h e s p e c i m e n s w e r e t e s t e d in
a n i n e r t e n v i r o n m e n t . T h e s p e c i m e n gage s e c t i o n was
i m m e r s e d in a l o w s u l f u r v a c u u m p u m p o i l d u r i n g
t e s t i n g t o m i n i m i z e the d e l e t e r i o u s e f f e c t of a m b i e n t
w a t e r v a p o r a n d p r o v i d e a s t a n d a r d t e s t e n v i r o n m e n t .

Table II. Average T651 Longitudinal Yield Strength of the Ten
Experimental Compositions

0.2 Pct Offset
Fe + Si Content, Yield Strength

Composition Wt Pct MPa (KSI)

A 0.03 503 (73.0)
B 0.07 509 (73.8)
C 0.12 518 (75.1)
D 0.19 501 (72.6)
E 0.31 475 (68.8)

A-1 0.02 534 (77.4)
B-1 0.06 512 (74.2)
C-1 0.12 525 (76.1)
D-1 0.16 550 (79.7)
E-i 0.29 548 (79.5)

107
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105

I']± 83 MPA (12 KS[)
~]± 124 MPA (18 KSl)

l

,03 .06
1
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,18

WT, PCT, FE+SI
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Fig. 2-Effect of purity level (wt pct Fe + Si) on the notched fatigue
life for specimens cycled at R = - I in an inert oil environment.

Fig. 3-Three types of macrofrac-
ture mode: (a) slant fracture, (b)
vee fracture, and (c) flat fracture.
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F r a c t o g r a p h y , P r e c i s i o n S e c t i o n i n g a n d T E M

A l l f a t i g u e f r a c t u r e s u r f a c e s w e r e e x a m i n e d by o p t i -
c a l s t e r e o s c o p e a n d s c a n n i n g e l e c t r o n m i c r o s c o p y
( S E M ) . T h e f a t i g u e c r a c k i n i t i a t i o n s i t e s w e r e l o c a t e d ,

a n d t h e m o r p h o l o g i e s of b o t h t h e f a t i g u e f r a c t u r e a n d
t h e o v e r l o a d f r a c t u r e s u r f a c e s w e r e c h a r a c t e r i z e d .

T o e n a b l e t h e i d e n t i f i c a t i o n of t h e c r a c k i n i t i a t i o n
a n d p r o p a g a t i o n m e c h a n i s m s , t h e s p e c i m e n s w e r e
s e c t i o n e d t h r o u g h t h e i n i t i a t i o n s i t e in a p l a n e p e r p e n -

Fig. 4-Fatigue initiation, propagation, and final overload fracture in a notched specimen as viewed in a cross-section through the center plane per-
pendicular to the planar fracture surface.
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d i c u l a r to t h e f r a c t u r e s u r f a c e a n d p a r a l l e l t o the
s p e c i m e n a x i s . T h e p r e c i s i o n s e c t i o n i n g t e c h n i q u e
e m p l o y e d h e r e w a s d e s c r i b e d in d e t a i l e l s e w h e r e .1~
T h e s e c t i o n e d p l a n e was t h e n m e t a l l o g r a p h i c a l l y m o u n t -
e d , p o l i s h e d a n d e t c h e d u s i n g s t a n d a r d m e t a l l o g r a p h i c
t e c h n i q u e s f o r a l u m i n u m a l l o y s . A f t e r t h e m i c r o s t r u c -
l u r e u n d e r l y i n g t h e i n i t i a t i o n a n d p r o p a g a t i o n l o c a t i o n s
was o p t i c a l l y c h a r a c t e r i z e d , t h e m o u n t m a t e r i a l was
d i s s o l v e d . S E M e x a m i n a t i o n of the t i l t e d s p e c i m e n
r e v e a l e d b o t h a s e g m e n t o f t h e f r a c t u r e a r e a a n d i t s
u n d e r l y i n g m i c r o s t r u c t u r e o n t h e s a m e i m a g e .

T o i d e n t i f y t h e s p e c i m e n c r y s t a l l o g r a p h i c o r i e n t a t i o n
a n d t o c h a r a c t e r i z e t h e m i c r o d e f o r m a t i o n m e c h a n i s m s ,
t h e s e c t i o n e d s a m p l e s w e r e w a f e r e d p a r a l l e l t o t h e
s e c t i o n p l a n e a n d t r a n s m i s s i o n e l e c t r o n m i c r o s c o p y
( T E M ) s p e c i m e n s w e r e p r e p a r e d u s i n g s t a n d a r d e l e c -
t r o p o l i s h i n g t e c h n i q u e s . l ~ T h i s a l l o w e d c o r r e l a t i o n s of
t h e m e t a l l o g r a p h i c o b s e r v a t i o n s on t h e s e c t i o n p l a n e
w i t h T E M o b s e r v a t i o n s .

R E S U L T S A N D D I S C U S S I O N

N o t c h e d F a t i g u e L i f e

N o t c h e d f a t i g u e l i f e t e s t s w e r e c o n d u c t e d a t t w o d i f -
f e r e n t s t r e s s l e v e l s t o e s t a b l i s h the a v e r a g e n o t c h e d
f a t i g u e l i v e s f o r t h e t e n c o m p o s i t i o n s . V a r i a n c e a n a l y -
s i s a t t h e 95 p c t c o n f i d e n c e l e v e l s h o w e d t h e r e i s n o
e f f e c t of d i s p e r s o i d t y p e ( c h r o m i u m b e a r i n g v s z i r -
c o n i u m b e a r i n g a l l o y s ) o n t h e n o t c h e d f a t i g u e l i f e .
S i n c e a l m o s t t h e s a m e f i v e p u r i t y l e v e l s a r e p r e s e n t
in t h e c h r o m i u m b e a r i n g a n d t h e z i r c o n i u m b e a r i n g
c o m p o s i t i o n s , b o t h p o p u l a t i o n s w e r e c o m b i n e d a s o n e

t o e s t a b l i s h t h e e f f e c t of p u r i t y l e v e l o n the n o t c h e d
f a t i g u e l i f e . T h e s e r e s u l t s a r e d e p i c t e d o n t h e b a r
g r a p h in F i g . 2 . E a c h b a r i s t h e a v e r a g e of t e n n o t c h e d
f a t i g u e t e s t s , f i v e f o r the c h r o m i u m b e a r i n g a l l o y s a n d

Fig. 5-Fatigue initiation and propagation in a fractured smooth speci-
men which failed by slant mode as viewed in a cross-section through the
center plane perpendicular to the planar fracture surface.

(b)
Fig. 6-Slip band formation directly b e l o wthe fracture surface: (a) in
a notched specimen and (b) in a smooth specimen,Note that the slip
lines are parallel to the fracture surface.

844-VOLUME 10A, JULY 1979 METALLURGICAL TRANSACTIONS A



five f o r the z i r c o n i u m b e a r i n g a l l o y s at e a c h p u r i t y
l e v e l and load l e v e l t e s t e d . T h e a n a l y s i s of v a r i a n c e
s h o w e d the n o t c h e d f a t i g u e l i v e s a r e s t a t i s t i c a l l y dif-
f e r e n t , but t h e r e i s no c l e a r t r e n d of i n c r e a s e d life wi th
i n c r e a s e d p u r i t y l e v e l ( l o w e r c o m b i n e d wt pct of F e +
Si) . T h e r e i s also no c o r r e l a t i o n b e t w e e n the f a t i g u e
l i v e s and the T651 t e n s i l e y i e l d s t r e n g t h l e v e l s ( T a b l e
H) of the ten c o m p o s i t i o n s . T h e l a c k of a m o n o t o n i c
r e l a t i o n s h i p s u g g e s t s that p u r i t y by i t s e l f i s not the
f u n d a m e n t a l m e t a l l u r g i c a l v a r i a b l e c o n t r o l l i n g the
n o t c h e d f a t i g u e l i f e .

F a t i g u e F r a c t u r e M o d e s

T h e i n i t i a l low m a g n i f i c a t i o n o b s e r v a t i o n s r e v e a l e d
that the f r a c t u r e s of al l c o m p o s i t i o n s can b e d i v i d e d
in to t h r e e c a t e g o r i e s . T h e f i r s t one, w h i c h i s a l s o the
l e a s t f r e q u e n t l y o b s e r v e d i s the s l a n tf r a c t u r e ( F i g .
3 ( a ) ) . In th i s m o d e , the c r a c k has i n i t i a t e d in the n o t c h
a r e a on a p l a n e i n c l i n e d at a p p r o x i m a t e l y 35 d e g to the
t e n s i l e a x i s . It i s then p r o p a g a t e d a w a y f r o m the n o t c h
p l a n e and f a i l e d on the s a m e 35 d e g i n c l i n e d f r a c t u r e
p l a n e .

T h e s e c o n d c a t e g o r y i s the vee f r a c t u r e ( F i g . 3 ( b ) ) .
In th i s m o d e , two c r a c k s i n i t i a t e d in the n o t c h a r e a and
p r o p a g a t e d , on o p p o s i n g p l a n e s , e a c h i n c l i n e d at a p p r o x -
i m a t e l y 35 deg to the t e n s i l e a x i s . T h e r e s u l t i n g f r a c -
t u r e s u r f a c e s r e s e m b l e a c h i s e l p o i n t e d g e .

T h e t h i r d type of f r a c t u r e a p p e a r e d to b e a flat f r a c -
ture at low m a g n i f i c a t i o n ( F i g . 3 ( c ) ) . H o w e v e r , a s wi l l
b e d i s c u s s e d l a t e r , h i g h e r m a g n i f i c a t i o n o b s e r v a t i o n s

Fig. 7 Multiple initiation in the notched area of a specimen which
failed by the slant fracture mode.

show that th i s f r a c t u r e was c o m p o s e d of s l a n t e d s e g -
m e n t s on the o r d e r of the g r a i n w i d t h . N o c o r r e l a t i o n
e x i s t s b e t w e e n the t h r e e f r a c t u r e m o d e s and a n y of the
e x p e r i m e n t a l p a r a m e t e r s ( c o m p o s i t i o n , s t r e s s l e v e l ,
and R r a t i o ) , o r the f a t i g u e l i v e s .

M i c r o m e c h a n i s m s of S l a n t F r a c t u r e

A c o m p o s i t e p i c t u r e of the s l a n t f r a c t u r e s e c t i o n
( F i g . 4) s h o w s that in i t i a t ion , p r o p a g a t i o n a n d o v e r l o a d
f r a c t u r e o c c u r r e d a l m o s t on the s a m e p l a n e . It s h o u l d
b e n o t e d that in th i s f i g u r e , the f r a c t u r e p l a n e i s p e r -
p e n d i c u l a r to the s e c t i o n p l a n e (i.e., the p i c t u r e p l a n e ) .
T h e i n s e t s h o w s the f r a c t u r e s u r f a c e s b e f o r e s e c t i o n -
ing . T o d e t e r m i n e i f th i s mode of f a i l u r e i s f o u n d ex-
c l u s i v e l y in n o t c h e d s p e c i m e n s , s m o o t h f a t i g u e s p e c i -
m e n s w e r e m a c h i n e d f r o m c o m p o s i t i o n A - 1 t e s t e d wi th
the s a m e c y c l i c s t r e s s . Al l t h r e e f r a c t u r e m o d e s w e r e
a l s o o b s e r v e d in t h e s e s p e c i m e n s . F i g u r e 5 i s a n e x a m -
p l e of a s l a n t f r a c t u r e in a s m o o t h f a t i g u e s p e c i m e n .

H i g h e r m a g n i f i c a t i o n p h o t o m i c r o g r a p h s f r o m the
v i c i n i t y of the f r a c t u r e s u r f a c e ( F i g . 6), show i n t e n s e
s l ip b a n d s p a r a l l e l to the f r a c t u r e s u r f a c e . T h i s i n d i -
c a t e s that the f r a c t u r e p l a n e i s r e l a t e d to the i n h o m o -
g e n e o u s p l a n a r s l ip b a n d s . A SEM i n v e s t i g a t i o n w a s
c o n d u c t e d to i d e n t i f y t h e s e s l ip p l a n e s . T h e p l a n a r
f r a c t u r e t h r o u g h o u t the s p e c i m e n , a s e v i d e n c e d in
F i g s . 4 and 5 , i n d i c a t e s that the u n d i r e c t i o n a l r o l l i n g
i n t r o d u c e d s t r o n g c r y s t a l l o g r a p h i c t e x t u r i n g .

T h e SEM i m a g e of the n o t c h a r e a in a s l a n t f r a c t u r e
s p e c i m e n ( F i g . 7) s h o w s that the n o t c h p r o v i d e s many
in i t ia t ion l o c a t i o n s . I n the c a s e of the s l a n t f r a c t u r e
only one in i t ia t ion l o c a t i o n d e v e l o p e d to a ful l s i z e
c r a c k . T h e v e e s h a p e d f a i l u r e s a r e the r e s u l t of two
o p p o s i n g in i t ia t ion s i t e s . A high m a g n i f i c a t i o n view of
the flat f r a c t u r e ( F i g . 8) s h o w s that the a p p a r e n t flat
a p p e a r a n c e a t low m a g n i f i c a t i o n i s m a d e of m a n y s l a n t -
e d s e g m e n t s w h i c h a r e also i n c l i n e d a t a p p r o x i m a t e l y
35 d e g to the t e n s i l e a x i s .

T h e s l a n t f r a c t u r e m o d e with the s a m e 35 d e g in-
c l i n a t i o n d o m i n a t e s al l t h r e e c a t e g o r i e s and s u g g e s t s
that in al l t h r e e c a s e s , the f a i l u r e w a s c o n t r o l l e d by
the s a m e m e c h a n i s m . T h e only d i f f e r e n c e in the m a c r o -
s c o p i c a p p e a r a n c e ( F i g . 3) i s the n u m b e r of a c t i v e i n i -
t i a t i o n s i t e s : one s i t e in the slant c a t e g o r y , two s i t e s in
the vee c a t e g o r y , and multiple in i t ia t ions in the flat
c a t e g o r y . A t th i s p o i n t , i t i s not c l e a r what c a u s e s the
d i f f e r e n c e s in the i n i t i a t i o n b e h a v i o r .

T r a c e a n a l y s i s of the T E M p h o t o m i c r o g r a p h ( F i g .
9 ( a ) ) on a p l a n e p a r a l l e l to the s e c t i o n p l a n e in F ig 6 ,

Fig. 8-Fat igue initiation, propagation, and final overload fracture in a notched specimen which failed by the flat fracture mode as viewed in a
cross-section through the center plane perpendicular to the planar fracture facets.
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c l e a r l y s h o w s s l ip on {111} p l a n e s . T h e z o n e a x i s of
t h e c o r r e s p o n d i n g d i f f r a c t i o n p a t t e r n i d e n t i f i e d the
s e c t i o n p l a n e a s {110} p l a n e . T h e p h o t o m i c r o g r a p h in
F i g . 9(b) s h o w s i n t e n s e s h e a r p r o g r e s s i n g f r o m o n e
g r a i n t o a n o t h e r on t h e s a m e p l a n e w h i c h i s a n i n d i c a -
t i o n of c r y s t a l l o g r a p h i c t e x t u r e .

S o m e l o c a t i o n s o n t h e s e c t i o n p l a n e s r e v e a l e d s e c o n d -
a r y c r y s t a l l o g r a p h i c f r a c t u r e s p a r a l l e l to t h e f r a c t u r e
s u r f a c e ( F i g , 1 0 ( a ) ) . S i n c e the s e c t i o n p l a n e in a l l
s p e c i m e n s s l i c e d p e r p e n d i c u l a r t o t h e s l a n t f r a c t u r e

p l a n e a n d p a r a l l e l t o t h e s p e c i m e n a x i s was i d e n t i f i e d
by T E M a n a l y s i s t o be {110} p l a n e , i t was p o s s i b l e to
p e r f o r m s i n g l e s u r f a c e t r a c e a n a l y s i s . T h e (110)
s t e r e e g r a p h i c p r o j e c t i o n in F i g . 1 0 ( b ) i d e n t i f i e s a n d

(a)
( , )

fb)
Fig. 9-Transmission electron micrographs of thin foils taken from the
sectioned plane shown in Fig. 4 : (a) oriented to show the {111 } slip
planes in an edge on position, and (b) penetration of a {111 } type slip
across grain boundaries.

Fig. 10-Photomicrograph of the cross-section plane relating the slip
observed in Fig. 9(a) to : (a) primary and secondary slant fractures and
their orientations as indicated on (b) standard (001) stereographic pro-
jection.
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indexes the primary and secondary slant fracture
planes in Fig. 10(a), assuming that they a r e in an edge-
on position. Therefore, the slant fracture, which is
perpendicular t o the sectioned plane is p a r a l l e l t o the
(]]1) crystallographic plane. This also provides the
correct angular relationship for the ~111} crystallo-
graphic planes to be inclined at 35 deg from the ten-
sile axis as in the inclined fracture facets.

(a)

(b)
Fig. 11-Secondary crackingparallel to the tensileaxis in a high AK
region: (a) photomicrograph of grainboundary cracking, (b) scanning
electron micrograph showing the grainboundary crackingin both the
microstructure and on the fracture surface,and (c) matching of stria-
tions across agrain boundary crack.

(c)

Secondary Cracking

The secondary cracking in the flat fracture category
specimens a l o n g the gra in boundaries (shown on the
section plane in Fig. l l ( a ) ) is a puzzling feature s i n c e
these c r a c k s propagate parallel to the tensile ax i s .
F i g u r e l l(b) shows the fractographic/microstructural
relationship for this type of secondary cracking. F i g u r e
11(c) shows fatigue striations which follow continuously
a c r o s s a secondary crack. This indicates that the
secondary intergranular cracking developed a f t e r the
main c r a c k advanced through this a r ea ; otherwise, the
striations will not be continuous as shown in Fig. 11(c).
As the c r a c k propagates through the specimen, it cre-
ates loading eccentricities and subsequent bending mo-
ments that can c a u s e cracking parallel to the tensile
axis.

S U M M A R Y A N D C O N C L U S I O N S

The effect of Fe + Si puri ty l eve l and dispersoid type
on the fatigue behavior of ten 7X75 aluminum composi-
tions was studied in an attempt t o improve the notched
fatigue life.

1) The notched fatigue life did not correlate with
e i t h e r dispersoid type (chromium b e a r i n g v s zirconium
b e a r i n g alloys) or puri ty level.

2) No correlation between the tensile yield strength
and the notch fatigue life was observed.

3) Specimens failed by t h r e e macroscopic modes
that are designated as: slant, vee and flat fracture.

4) T h e r e is no correlation between the mode of c r a c k
initiation and the fatigue life for all the experimental
variables (composition, s t r e s s level, and R ratio).

5) Precision sectioning analysis shows that the slant,
vee, and flat fractures are the result of single, double,
and multiple initiation, respectively.

6) Axia l smooth fatigue specimens also exhibit the
same t h r e e macroscopic modes of failure.

7) T r a c e Analysis by TEM verifies both {111} slip
and texture in the tested 7X75 plates.

8) In all three failure modes, fracture facets are
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d o m i n a t e d by a s l ip r e l a t e d f r a c t u r e . The s l ip a n d the
f r a c t u r e a r e i n c l i n e d at 35 d e g to the t e n s i l e axis and
are identified to be on {III} p~anes.

9) Intergranular secondary cracks which are parallel
to the tensile axis, probably developed alter the main
c r a c k propagated past the grain boundary.

A C K N O W L E DG M E N T S

T h e a u t h o r s wish to a c k n o w l e d g e M e s s e r s . C h a r l e s
S m i t h and A n t h o n y H o u s t o n ( U n i v e r s i t y of Cinc inna t i )
f o r t h e i r help in the t e s t i n g and m e t a l l o g r a p h y . M e s s e r s ,
R a l p h E. O m l o r and B r e w s t e r S t r o p e ( S R L ) a r e a c k n o w -
l e d g e d f o r t h e i r a s s i s t a n c e in the e l e c t r o n m i c r o s c o p y
a n a l y s i s . A d v i c e on the s t a t i s t i c a l a n a l y s i s o f the d a t a
w a s p r o v i d e d by M r , J . F . S a n t n e r ( U S E P A ) . D i s c u s -
s i o n s wi th M r . W a l t e r M , G r i f f i t h ( A F M L ) a r e a p p r e -
c i a t e d . A p o r t i o n of th i s w o r k w a s done u n d e r USAF
C o n t r a c t No. F - 3 3 6 1 5 - 76- C - 5 2 2 7 .
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