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DISLOCATION SHIELDING

I. Introduction -
The elastic field of cracks
I 1-D du’stributién oj dislocations
1. BCS wmoddd
2. Ohrs experiment and modfication
3. Dislocation system under crack - tip-Like
stress field.
4. Dislocation distribution near a semi-infinite
crack
J.  Dis€ocation distribution near a Sinite longth crack

¢. The formation of DFZ.



I. Dislocation Emission from Cracks and
the Role of External Sources
1. The uimage force of finite Length crack
2. Dislocation emission from crack
3. The role qf external sources
4 The path (nfependent (ntegral

s App( ications



The Elastic Fields of Cracks
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For 1-D d:'.stribubl'on
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Contenuous olistn:buts'on dislocations

b J‘ D'(xo dxg ab D’ tx:) da;
5 — Ml Diwdxs | ok j y)dx,
) 2 Vanx, 2 Varnx,

The dislocation distribution function s guite

JmPorfMt !

.D‘ (x;) dislocations n the p/a.rf:&. Zone .

D’. (x;) c'maﬂe dislacations dua o e creck.

D' (x.) = D’ txy)
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306 B. A. Bilby, A. H. Cottrell and K. H. Swinden

- Wepuw B=R_g, and B, =¢,~R, Thus P, > 0 and B, > 0. Let there be
f(z,)dz, dislocations each of strength b > 0 in any distance dr,; with the RH |F'S
convention (Bilby, Bullough & Smith 1953), f(z,) is positive for positive edge or
right-hand screw dislocations. We wish to determine f(z,) and the relation between
¢ and a for various values of the Physical parameters R, o, and ;. This problem in
the theory of continuous distributions of dislocations is most easily solved by
setting up the integral equation which expressea the requirement that the resultant

crack f-a/asfa'c Jm
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Frocee 1. Distribution of dislocations along & shears@ slit {|,] < ¢) and ite
asacciated yield zones (¢ < il <a). *

shear stress on any dislocation in the distribution ie zero when the system is'in
equilibrium (Leibfried 19351; Head & Louat t955). The shear stress at z, due to the

dislocati t z; is ' ’y g ’
ocations at #, Pu(z;) = Af () dal{(x, - z])

snd hence, for equlilibrium f -.f.gfﬂ_id;‘f_' = P(=,)/A {1)
b

-
where D is the region of the z, mo«gim are distributed and

F(z,) is the resultant external shear stress (Pas) at 7,. Wo have P = P, for iz <e,
80d P = - P forc < l2| < a. :

whe solutions of integral equations of this type have beou discussed in somo detail
by Muskhelishvili (1946) and Head & Louat (1953). In the present problem D is

-
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Fig. 20. Solution of eq. (30} for the contin
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BCS - t/fe Crack model |

I. nol conscstent with the new DFZ ex/afs_.k

2. Ddislocakions with same Burgers vectsrs distribute as
monotonical decrecm‘i:y curve not consistent with expts,

3. Sft‘ems are not contimuous and /mmayuem_r.
(/) 05 ¥y ( Two krnde of materials )
(2) not continuous at bouna’an'e_:.

4. Does not reflect the characteristic of the crack £p.

Fo=R-0¢ (comst.), P =a;-R (const)
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BCS-type Model This work

CLCLf

2, P(x) = Const. Pex,) = Const.+fcx,)
Q d ,
fex7 2 = const. + f(x)
X=X A
':_’_,s-t:
° o

Dislocation System under crack f/}; ~-like stres
Srold.
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B.c.S. ResnatBtl® (/943
. (Crack dislecotion mod.)

ch_e,-, and Obr (1981)
a =09

crack -‘—_:%.}ésj A . B
"l ;! _ 0.5 104 15 20 Y
, —
-1 f
|
Fig.4(b)

r‘v’s stet. sel. (0> 77, (1923), 81 |
(R M) |

Chanj and Ofn' wssumed @ bouna‘ar/ condition,
Dw| =0, on the basi. of their dislecation frae

=zl
Xong chves jaﬂa». If s em}:mca.f_

How can DFx form ?
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MICROSCOPIC ASPECTS OF CRACK PROPAGATION 201 r !
ilef sources it pear the ti a
stopped crack (ie, o < or), these sources will emit loops, some part C ,
of which, having opposite sign from those he crch dislogations, j
are ailr . tip {Fig. 5.8a). The loops C move into the t
region pear the Lip yntil their total Buyrgers vecior Just compensates
!or !EE of the crack lip D; this neutralizes the large stress field at : oo
the tip, both the back stress acting on the center of the crack and the y
forward stress that acted ahead of the crack. Because the back
" stresses are relaxed, dislocations gan move from the cepter of the
crack to the crack tip, and this blunte the crack (Fig. 5.60). 'ihe !
erack, therefore. 1s no longer elliptical but has parallel sides, separated
t Unpinned or lightly pianed.
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Fig. 19, Dislocation sources operate external 1o 2 crack and cause a crack-opening displacement as shown.
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170 g itih,
“P"'" of opposita Burgers vaectors, *
"The one with shislding Burgers vectory

will ba vepelled from the crack and the other

with Misk:c“in’ Bur’ou vectors, will be atéractod

+o vhe crack. IC will ba absorbed and

annihilated by she gben cleavage surface,
’rod«u‘y Steps on Mese Surfaces, #

&
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Semi-infinite Length Crack

We treated thi: problem withy a homoganeous and
Continuous System. We onﬁ Cons/der 1he f/a.rtr'c' Fone and
bt the K feld +o be an applied strecifexternal )

We use he ﬁm:,el Jorce eapression for a Semi-infinite
fen;fﬂ Crack ac the wpper Cimit of the effeclt™

Y Divlesndioar unn" Yowond ohe crack ﬂ'p .
Aj#-g, ‘j ’f.,f,“" +, +€ 10 e (t
3, Diloeations llow'” away Srom the crack p:
o’ _ , [ 2% x)dn’ », .
A xR’ """‘7;';:—"?"‘ t€ =0 (2)
(]
where A'=-A

¥* Lun’ and Wm’ ’ Phil N,. AP« Ul so £, L179

Zhou amd lw,, J. fhy F, 154,

5. &



For smal scale go’eld:'nj case,

K 0o
e C = -— x

Let usx,’z; w=2z/at, where a it the /o/a.rt:& Fone Sizz,

then from (1)

! I
A D ()« =6 +6 +0°¢
o W -«

This singular integral equation can be solved by a
funite Hdbert transformation. with the help of ellptic
integrols.
D'tx) -;%(%*—‘)ffmfr"n reVERFE &) -
B (K26n ) F, )+ ENloon /E ]
The condition for it to exist leads to rhe relatin

a* "
Y
‘[(a:z')l("? v+ e )dx" = o

we obtamn

- (16



Swbstitute c/a relation to Dtx) and bt 7=%
.‘DI(’[) -_-_-%(L:_g_‘)a(”u)[?c - I%{E@["F(f’fz" -
1/ 1 KZ(.h.m/_? f}-fz/‘ (J‘m/-—? a')]}

where F( 'E, jf ) s the 'co:n/:(cfc e/é'ft,% ¢')rt‘¢!ml 9/ ﬁ‘r.rt find .
7776 Géf nstion Qf KZ(/,‘) and /fo(ﬂoﬁ) ”'7 ‘c fomtd/ n rhe
Hoand book.

(Sém."aryf, ‘n e second case,

) =gl FigglEE A

RN B R,

The relationchy of pf(f D with _'p’(, )

-
,‘Dz(fj = ',,‘ Diy)
Y/ x .
Usua ‘?, we usre A asr anit,

D) = D(#7)

13- @




Jm-.ay :
1 Curves are yua//fct/'nﬁr Jemilar, but 2% > D%
2. The negative dislocation gene is enlaryed by +he image force .
The large repellont force: of @ larye nuwmber of mepatire
image dlilocations of the positie dislocations in the plaste gowe
5. The effect s overestimated: due to the expruion of iwaga
Jorews for a sem/-infinita /u,n‘ crnek .

Dislocation Distribution near a Finite Length Crack

The exfrem'on qf a'ma.ae jorw IS more com/o(«'caf‘cd.
Numerical selutions are nesded. Calewsatons are

wn progress.



Kaba/u/u' and Obr,

Scripta Metball, 11 (19
342

Y

FiG. 13. {a) Dislécations emitted from the tip of a crack in a foil of c9pper.The crack h{ls grown
from the left. Immediately ahead of the crack is a region free of dislocations. The pile-up of

dislocations is seen exiending on the cleavage-stip plane to the right.
3. f/mn, and Chr 5./1.

J. Agpl- Phys., 12 7:7% (1581

X
c d

FiG. 45. Distocation shelding configurations. (a) A Mode-I slit crack is depicted with a
distribution of screw dislocations on its cleavage plane. The solid curve represents a continuous
distribution function of the same set of dislocations, on the interval from x, = cto x, = d.

1 um Antishielding Dislocations ———

@ Shielding Dislocations

Fig. 1 PDistribution of antishielding dislocations (AB) pear a o‘r"”w /""
cragk tip observed during in situ TEM studies of erack

propagation in stainless steel, Shielding dislocations .
emitted from the crack tip are located between C apd D. ‘-k'?* M(.l -!—’, 168/
—— - Present werk , 0 (%)

<< - Lung snd xmﬁ,)o(%) /m‘,. +fal. s0l(n) 29, §1.

——i

T PFresent werk
A2
— . / ," 3(!

. LONPLED
wlu 5 ¢/~ Hle
s LU

T 4 -

r

it I s 10
L i <
-08} ,'
I
I
-10¢t
Fig.3 Dislocation distribution curves calculated by various
mathods (z = 0.5).
a) Dl(xlc).

b) Lung and Xiong (1983), D{(x/c)

¢) /e, Lﬁﬂ’ ‘nd m’: IC/II/IJO
(1988)
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[ T e ﬁ__"_W
F
1.0 f f
L O J[
T \\\
0.8 pd o o
o
0.6
' o
/ \\
0 \
0.4 | //
0.2 -
I | 1 | L i
0 2 4 & 8 10
Distance ftrom the crack tip  (um)

Zn :ch,di orysta
The curve of dislocation density versus the distance from
the crack tip. The density is ploted with 1/ (Xn+1 - Xn), and
the distance with {1/2) (Xne1 + Xn), here ¥Xn 1s the distance

of N-th dislocation from the crack tip.

FU Ran Q.Y.LOMG ot of. (1789)

-RA~

(29)



The formation of Dislocation Free Zone
The rofe of image force

The force on a distocation (n the presence of

the crack and other d/.'r[ocat:bn.r

VXXX 4ma _, -ur(x -x)l x

(18, 11)
K=k, + by L A
M ™ Ny

J Yarx,

As.rum:'v on//r one dislocation Sor .n’»-,a/:‘cif// and Semi-cnfimite crach

———

Kb b
fdz(awx)”_;; S o { —/“6)

0.">f:>-v:l ' /‘. )

Jt“l‘. Static
— I
Lef Jf( ='0;'b we have do(K) = x, = Y “‘
—A0rz |

8.0 =) [(4e 2 35) +fam e By ]

DFZ due to rinojc Sorces

,23,



The image force theory for the formation

of dislocation free zona

. b /‘;‘UI‘I‘I']
»

This s controry 10 Kobayash{ and Ohrs Wt..’ (1 80)

3" ('rﬂ':‘)" -
-1
P b X y _!-_l "‘ ¢ ','
5, = (8] (b + 53+ 85 554 ]
[ i
| as N
j g3
w 2o .

@ K=e, 5=4z=&

3 s.(K)¥Eb, K=K,

@ K>kn, ne DFZ W() o5 g o)
The crack inhibits the formation

_of DFZ !

Negative DZ size  x,& 069 o'c/fr'c/~u1) (4= %)

(1) X, == 0 ® (a.040;) , (U-?-j-’)o :r,(.r.)f (Ah
- -2f - '



Dislocations annihilation mechanism

The dislocation distribution calewlated as abore «r not

at the lowest energy stafe though forces are w q;.q'/zﬁnkm.

energy _for new Surface creation

Kb Eb

fe!j’encg/ of a dislocation
/v/u“

Positive and nyaf:'rc dislocations at 1he crack tip

Prefer to amnihilate o bower the energy {/ the Systen.

7z . —Kki _
ﬁ_ - 4%

(Awx)Hh X

Lot }; = -0 , we hava J,’(/():z,'

———— ’ V T T T ——

r——

180 > 8/ k) (Kl>#mAs)
| NS
2, If S,K(K) b 7!014&«'—0 dbl,}uu. sige +— 5
bos|- - Py’ . &
§/(k) =z fel'a « c'a 4
-
28, ()
BB g P on Py Gty
Meshanisg (I'”), 39 A\\
’ (23
R
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