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Dear S i r s :  

Effect of Orientation on t h e  Bend Fatigue Behavior of B e r y l l i u m  

Bend fa t igue  c rys ta l s  examined were oriented f o r  e i the r  basal  
or prism s l i p .  
s t ruc ture  and the  underlying dislocation substructure are now considered. 
The basal  bend fa t igue  c rys t a l  shows a uniform and r e l a t ive ly  f i n e  s l i p  
s t ruc ture  extending over the en t i re  cen t r a l  gauge section. 
e i the r  grip,  deeper s l i p  steps occur, indicat ing t h a t  stress concentra- 
t i ons  exist at  these locations.  
small may be ver i f ied  by electropolishing and rep l ica t ion  of the  surface 
as a function of depth; no persistent s l i p  s t ructures  are seen below a 
depth -1p f romthe  or ig ina l  surface. 
confirmed from an examination of the f o i l s  prepared from the outer 
surface layers.  
w e  operative within the basal plane. 

The spec i f ic  differences which exist i n t h e  surface s l i p  

Closer t o  

That the  average s l i p  s t e p  height i s  

The operation of basa l  s l i p  i s  

It is  noted, however, t h a t  a l l  three 1/21 51101 vectors 

The surface s l i p  structure on c rys t a l s  oriented f o r  prism s l i p  
i n  bend fat igue i s  characterized by s l i p  on both the  prism and basal  
planes, and by the  presence of a d i s t i n c t  brownish discoloration, the  
in t ens i ty  of which increased wi th  increasing number of cycles. It is  
in te res t ing  
and lgwer bend surface through which edge dis locat ions having the  
1/3 [2llO] Burgers vector emerge. 
accompanied by the  appearance of f rac ture  l ines  which run across the  
bend surface. (Fig. 1) The overall  d i rec t ion  of these fissures 
corresponds t o  [0002], the  direct ion of in te rsec t ion  of t he  prism plane 
with the  bend surface. 

t o  note t h a t  the  discoloration is  confined t o  the  upper 

The duplex s l i p  s t ruc ture  i s  

Repeated examination by polishing and rep l ica t ion  has revealed 
the presence of pers is tent  s l i p  bands t o  a depth of at  l e a s t  5P. After 
the removal of -5p from the bend surface, a number of Si0 rep l icas  were 
prepared using the  Victawet technique follawed by tungsten a i d e  shadowing. 
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With a controlled direct ion of shadowing, it i s  possible t o  d i f f e r e n t i a t e  
between the  surface intrusions or extrusions giving rise t o  t h e  pers i s ten t  
s l i p  structure.  Prepared i n  t h i s  way, intrusions show dark cont ras t  on 
the  micrographs towards the  direct ion of shadowing, while the  s i t ua t ion  
i s  reversed f o r  extrusions. 
t h a t  i n  a l l  cases, t he  persistent s l i p  bands on both the prism and basal  
planes correspond t o  intrusions.  
i l l u s t r a t e d  i n  Figure 2(a)  and (b). The intrusions are  i n  t h e  form of 
rows of p i t s ,  a n  observation consistent with similar reported s tudies  on 
other metals. The presence of s l i p  on both the  prism and basal  planes 
i s  ref lected i n  the  complex nature of t he  underlying substructure. 

Examination of t he  micrographs revealed 

Examples of these intrusions are 

A paper t i t l e d  "Fatigue Studies of Single Crystal Bery l l ium! !  
(J. F. Breedis, A .  Lawley and J. A .  Zeiger) and based on cer ta in  aspects 
of t h e  current research program was presented a t  the Second In te rna t iona l  
Conference on B e r y l l i u m  Technology, held at  The Franklin Ins t i t u t e ,  
October 15-17, 1964. The paper considers i n  d e t a i l  t he  dis locat ion 
substructure i n  both bend and axial fa t igue f o r  the  two or ientat ions 
studied. 

I n  the  remaining period of time ( t o  12/31/64) on t h i s  contract, 

( i )  A repeat of the  bend fat igue (basal s l i p  orientation) t es t  

the  following experiments will be completed. 

i s  i n  progress on a second crystal .  
will be annealed at temperatures up t o  -5OO0C, followed by t h i n  f i l m  
transmission microscoph of t h e  surface layers. I n  the  case of f o i l s  
prepared from the previous bend fatigue crystal ,  t he  damage was  seen 
t o  anneal out while under ac tua l  examination i n  the  electron microscope. 
The current annealing experiments on bulk material will indicate  whether 
(1) the  recovery phenomenon i s  res t r ic ted  t o  t h i n  f o i l s  o r  ( i i )  recovery 
does actual ly  take place on bulk fatigued beryllium at temperatures close 
t o  ambient, as a consequence of extremely localized deformation i n  the  
surf ace layers. 

Pieces of the  bulk fat igue c r y s t a l  

( i i )  A second bend fat igue (prism s l i p  orientation) c r y s t a l  
will be examined t o  provide further d e t a i l  concerning fracture  l ines,  
intrusions,  extrusions, and the  influence of cross-slip. 
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( i i i )  A detai led analysis of the loop vectors will be completed. 
The indications are  t h a t  the Burgers vector l ies out of the  basa l  plane; 
should t h i s  be posi t ively established, t h i s  would be of specif ic  
importance i n  r e l a t ion  t o  the  b r i t t l eness  problem in beryllium. 

H.  Conrad 
Technical Director 

Very t r u l y  yours, 

A .  Lawley, Manager 
Physical Metallurgy Laboratory 

Approved by: 

J. R. Feldmeier 

enc 1. 
Figs. 1&2 

B2028 



. 

F i g .  1 - B e n d  S u r f a c e  o f  C r y s t a l  O r i e n t e d  f o r  P r i s m  S l i p .  
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( a )  ( b >  

F i g .  2 - R e p l i c a t i o n  o f B e n d  F a t i g u e  P r i s m  S l i p  C r y s t a l  a f t e r  R e m o v a l  
of -5,u f r o m  B e n d  S u r f a c e .  N o t e  t h a t  t h e  R o w s  o f  P i t s  S h o w  
D a r k  C o n t r a s t  Towards t h e  D i r e c t i o n  of S h a d o w i n g .  


