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' The Equilibriun Shape of Deform'ation Twihs‘

A number of metals and non-metals exhibit the phenomenon of elastic

" twinning( ) due to lack of accomodation of stresses which oppose the

* formation of the twin lamella. Since such accomodation normally ocecurs ’

" by slip the phenomenon is seen only in materials which slip is difficult ’_fiﬁ*-

" under the conditions of observation.

,l

By making various simplifying assumptions it has been found possible

" to calculate the equilibrium shape of such elastic twin lamellae. The

t

" d, z << L.

specimen and to find the equilibrium shape by differentiation of this -
'expression. Dislocation friction forces are assumed negligible.

A force concentrated along a line on the surface of a block of crystal

of infinite breadth and of length and height L is considered. This force

‘ leads to the formation of a twin which is assumed to be a flat faced wedge

of . infinite breadth and of length £ and of maximum thickness d, where

’

The energy terms considered are:

(1) twin boundary energy, .

(i1) +twinning dislocation interaction energy and, ;
(111) the elastic strain energy due to the applied force, o
(iv) dislocation line energy. '

In terms of forces acting, these energy terms correspond to- (1) the

v tip; (ii)-the mutual repulsion forces between the twinning dislocations
making up the non-coherent twin boundaries, (111) the forces on the dis=
. -f locations due to the applied shear stress, which varies along the length '

of the twin, and (iv) dislocation line tension.

'

'!method used is to obtain an expression for the total energy of the twinned . .

<,¢“tw1n boundary surface tension, which acts on the<1islocations at thevtwin : _3.f71"
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| Twin boundary energy. . - .':;}- t
' This is equal to ¥ x total boundary area
T = 2rh(p-1)

‘where y = specific surface energy (in this case per unit breadth),

h

ll

spacing between qgighboring dislocations in a twin boundgri; f

"‘and “p = total number of dislocations in a boundary.

A

i .

Since p is large for optically observable twins the expression can be written -

twin boundary energy'g,arpﬁ/unit breadth,
‘

Dislocation interaction energy.

, As the twin has flat faces and is.of infinite breadth the twinning -

dislocations form an array of uniformly spaced parallel edge dislocations.

If one considers the interaction of every dislocation with every other

dislocation one obtains, for two twin boundaries: . ‘
@ 2, L
B 2x(1-v) {‘p" In R K(p) ) /unit b?eadth

. ’ . 'i=p_l ‘ .
whére K(p) = £n (p-2)! + =  ( £n (p-1)! + £n (1-1)! )
- ‘ 1=2 - L ) o

and | S
elastic shear modulus, : S

@
[

-
({]

Burgers vector of a twinning,dislocation,

<
n

Poisson's ratio. L . ‘ . BV
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"It has begn aséumed tﬂaﬁ any pair of dislqcations will hévehzéro infer-
action energy when sepafated by a distance L. It has also been assumed
vwéﬁat the tﬁin is reasonably thin compared with its length so that the
. dislocations behave as if all in the same glide plane but that there is ,5:f""'

'no interaction between one boundary and the other.

Strain energy due to the applied stress.

Considering an elementary slice of crystal of thickness 5z at a depth 2
below the surface of the crystal and parallel to this surface;' then the:

thickness of the twin at this depth z will be

~

a, = a(1-z/2)

the'shear stress is.?gfgméd to decrease exponentially with z from a.value"'

To s0 ?haf T, =T, € £ . [This variation is chosen ratﬁe: than one found:’.

in elasticity theory; such as the Bbussinesq solution, in.orde;'to minimizé f };

the number of arbitrary constants which must be choseh to obfain numerical  fj5_
| results from the final expression.] Hence the work done by the applied shear

stress on this element of crystal is found to be
5w ~ STdeSZ

" where s = twinning shear. Integrating, we obtain w = 2'sr°ap2f(a)h vhere .-
a = interplanar spacing of the twin composition plane and |

£lo) =5 (e - 1) ¥ 2a .

P P P
v

* . Ia=0, fla) = 1; if a is large f(a) » La. 1 . , ST

- ﬁiéibcatidn line energy,

Line energy = 2p-1-} Gb° = pGb°/unit : breadth.
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The total energy expression can then be obtained by addition.

. . 7
By considering a twin of given thickness (p = constant) the total energy

expression can be differentiated with respect to h to give the value of . h
| corresponding to a minimum energy configuratiou. We obtain:

1/n = (y + st _apf(a)) —3£}:31
. Gb P

and, characterizing the twin shape by the ratio d/l.

d/ﬂ ~ (Y + ST apf(a,)) -’M
Gb P _
Since v is negligible compared with st apf(a) we have

a/e ~ éﬁ(l'vgr°f(“)‘

~ .

Comparison with the experimental results of Obreimov and Startsev

(2)

for twins in calcite shows that if 1, is chosen to be

+

m-a s.nd a =10
(chosen so that the shear stress at the twin tip due to the applied force

is very much less than that necessary for dislocation glide) then:

da/# (calculated) ~ 2.5 x 1073

~ 1.6 x 1073 .
| Fﬁrther; if a =

a/¢ (observed)

0 we have d/2 ~ & ° aﬂ(l-v) which can be compared with
Friedel's: (3) calculation of the shape of a disk shaped twin

S

o T

v e v

1n equili- o
brium under a uniform shear stress T which states:

e
— g

| bt
afe =~ &

. L
AP
Ly T

(In comparing the equation for a wedge shaped twin of length 2 with a

lenticular twin the diameter of the lenticular twin has been taken as 248. ]
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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.








