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De:pa..rtmcnt of' Wiincro..l T0c1n1oiogy o.nd 
InOl'\?;,~:n1c l-!t~.te:=:-i::1ls Rcoectrcll Div·ioion 

:fAin~ence Ro,diut~:!.cn VJ.borc:tory 
Unlircx·ci ty cf Gc..l:l.for:'l).a.., ~Dorkelcy. 

!:'or e;;w..i.1)J?lc, i:o. order to b>2 o.hle to rcln,te y1.e1ding to the ctrcr.s 

dcpenclcnce of' dioloco.:tion v-elocity, -v;:tt.hout. !:}2.l<;:Jng m·1:.d:c:cs.ry c.ssu::rrpti.oES, 

cation lccrps" 

cations 'tl1Cln.selvou. 



ne::::tw.;t oxide is conccntrc:t.cc'l a-c. ar..y instant c:t 'Ch::; surfc.ce o:i:' c;:;:•c;;-rinc; 

. . (6 16) 
M1J{•;") b-:-"1"'"'-~~ , .. _ ;...?..,_.::..:;: (..1.,.1.J.U..~ ~ 'l'hc l'ate o.t 'lthich tli.c 1cne;th of' nJr..J·nng dicloct3.tion 

equa.l to the yield. 
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etched in boiling nitric acid for 3 sccondc to r-rc:ducc dJ.slOC!C1.tion etch 

method thnt :P.:1s bce:n clc.cc:dbcd prevhm.:31yo (lO) 

ucinG a 1-Ii tachi IIU-J.O clec·crcn microsco:!X) opern..ted at lCO !Cv· o 

·for fatigue dcf'Ol'"l:J£:.t:i.on bccc.;u::;o the net ;::;·crc.iu vitb.L1 c~ sl:I.J? 1xtncl c2.11 be 

Tll(~l"'c:torc ~ 

region of hiGh c;trcos concontrc::,t5.on. 
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!rhe d.amage 'Within the 4;•. bands, a•, revetued by transmission alec• 

.. tron miaroacopy1 is shown in FigUres ; m~l 6. ·.The d.enlage is of the same 

, . t~ ·a.s .that tO\Ult\ in sllp bands. that e.re ··~Oi"'Iled durint; unidirectiona.l . 

· .strS:in:{9~lO~ _1.e.·~ .. -~e dislocation pairs a.;·,i ~1ongated.prismat1c loOI>s 

of various lengths 'tdth the spacing betlreen \·:le two dislocations of oppo ... 

site sign 'VIa.lzy'ing trom a fevr angstromS to a fe: 1 hundred angstroms • T'ne 

· mechs.nism of formation of this kind of dialoca.t~J.on substructure has been 

discussed in previous p6J?ers~9,lO,U,l2) The tot~!.l. density of dislocations 
' ' ' 

,ve.s l01·r com;pared to typical. slip bands formed at :j;;Q°C by u.n;Ldirect:toneJ. 

stress application. ·JUSo1 a greater tre.ction of the _dislocations present 

were in f.'lcrw or nearly screW' orientation. In Figs. ; and 6 the disloca

tion pairs. extending in the· horizontal direction are in edge orientation. 

Dislocation lines in the vertical. direction with ends. t.ermi11a.ting at top 

i e.nd. bottom surfaces of the foU lie in screw orientation. . mn these vrere 

. pft~n 'Pa.irecl as at ''A" in Fig"' 6. 
. . . . I 

Distribution of shear strain: ~e mode of deformation in these speci· 

. 1nens S\lggests that even during fatigue stroining moving dislocations are 

·concentrated at the surfaces of the slip bands1 i.e. (a.t the interfaces 

between the deformed· xnateria.l w1 thin tl!e band and the unstrained crystal 

. 1 ·.' to either side). ~s conclusion is supported by the tollOivirlg observe.-· 

' · tiona; . 
' f \ 

. (l)' In specimens that wre observed after· various numbe±'s of stress . . " ' 

cycles, it vras found that the number of growing slip. ba.nd.e tended to re ... . . ' 

IMl.in constant. As the cqstal be9e.me nearly filled w1 th a lip by the 

grmring together of ba.nd.s on the 45° systems, then tlarl."ow ba.nd.s on the 90° 
' . 

systems that had not preViously been active, started to idden1 resulting 

·.·in the irregular shaped 90• bands shown in Figs. 2~3:-and 4 .. 

i' 
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c;cr.:.a.l 90° oru1a.r:; o~t::o r.n.tegcc.rt.cd that :m.oviuc; ci.J.rJloca,tions >·rero o:cJ.y at tho 

dislocation lOODZ· 

etching g:roovcc. 

. . &Cl~-:.Or:;e 

sucl1 etc 

Cv::::cinuour.; ir.l.clc:n .. inc; o'S: slii> bo.nd.z 

+ !1:.., + ·'·c:·r1-'! q ·c'·o ·rJ''""'-·c;-·t· ~- -~ v V _ .. / ... t:..; s.; ..~oo v \! -L J :l:tG 



the f'ir;:;t cycle • 

.. 

of about: 

,•") 

I:i:~ tl1c2 ::rt:cc;ss is 10 lr.rz/rrr..(~{-, t!J.:i.i~~ 



!r.l tl!O 

;;-idcn~.nc; iJ.l·t>.stratocl by J:i':tc::i. 
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:prcvlously. 
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ductio:n. 

band. is [:;l'O'i!l!1[; 1/0UJ.d DO o;;:pcctccJ.. 
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Fig. 1 

F:l.g. 2 
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SCl1GW (l:ta:toc:CrGiOllO j.: Oll 'tt).C ~G't:lC) i.1:)~·ct~cE~J CU't'ti~12; 't};.rc.;·!.l(~l CCJCll otJ.H~Cl.~ o 



" 

I cy. 

. / 
~-

-12-

3 
10 cy. 

r' 

Fig. 1 

6 
!0 ( 'f· 

ZN-3737 



-13-

ZN-3735 

Fig. 2 
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Fig. 3 
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Fig . 4 
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Fig . 5 
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Fig . 6 
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Fig . 7 
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Fig. 8 



This report.was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com• 
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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