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Before and after deformation twinning

Type I twin can be visualized as simply a mirror image of the mafrix, obtained with a
hypothetical mirror situated in a characteristic crystallographic/plane. The orientation
of the twin may be visualized by imagining the matrix to be rotated by 180° about the
pole of the composition plane. Type II twin may be thought of ag having an orientation
that would be obtained by rotating the matrix 180° about a characteristic axis,n, <>
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Change in shape of hemisphere due to deformation twinning
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Diagram showing how sphere is converted into
ellipsoid by deformation twinning
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The twinning elements
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Diagram showing twinning elements consisting of
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planes K. and K, and directions n, and
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The twinning elements are not all independent
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Twinning elements

Structure K K, " N, /4
Fcc (111) (11-1) [11-2] [112] 12
Bce (112) (-1-12) [-1-1 1] [111] 12
Hcp
Zn,Cd,Co,Mg, (cla)® -3
Zr Ti Be (10-12) | (10-1-2) [-1011] [10-11] el a)
Co (11-21) | (0001) [11-2-6] | [11-20] -
Re (11-21) | (0001) [11-2-6] | [11-20] _
Zr (11-21) | (0001) [11-2-6] | [11-20] 0.63
Zr (11-22) | (11-24) | [11-2-3] | [22-43] 0.23
Graphite (11-21) | (0001) [11-2-6] | [11-20] ]
Mg (10-11) | (-1013) [-1012] [30-32] 0.14
Ti (11-22) | (11-24) [11-2-3] [2 2-4 3] 0.22
Ti (10-11) (-1013) [-1012] [30-32] 0.1
a-U (130) (1-10) [3-10] [110] 0.299
(orthorhombic) (1-7 2) (112) [312] [3-7 2] 0.228
Fct (101) (10-1) [10-1] [101] (c/a)-(alc)
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twinning on atomic scal

Sketch of atomic positions in (111) plane of fcc crystal; atoms
marked “A” all lie in same plane while those marked “B” and
“C” lie in adjacent parallel planes. Vector BC=(1/6)[1 1 -2]
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Diagram showing how stacking sequence of (111) planes
in fcc crystal is changed by deformation twinning

Layer {1, TypeA —B —C(C —A —B —C C—

10 C——A—B—C—A —A

9 B—C—A—B B —

8] A—B —C -C

% C —A A

Twin—matrix interface

6 B --B

D A A

4 C L C

3 B B -

2 A LA

1 C C__|
Stacking of (111) planes Stacking of (111) planes
in untwinned crystal in twinned crystal
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OlACKINg sequcernce O 11«5 piaries in oce crysidi. (a) 1 WO uriit Ceiis
showing positions of atoms in (1-1 2) planes. (b) Traces of (1-1 2) planes
on (110) projection: Atom sit arked by circles lie in plane of diagram;

es
those marked by squares lie a/v2 above and below. éc) tomic sites in
(112) plane; sites marked “A”, “B”, “C”, “D”, “E” and “F” lie in
successive (112) planes
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stacking sequence of {112} planes in bcc
crystal Is changed by deformation twinning

Layer 11 Type E-—2C —+A —»L—2(C—2A —A

10 D—=B —=F —D—B B—

9 C—»=A —»FE —=C —C

8 B—=F —=D D.

7 A —=FE E

G Fo Iwin-matrix |||

interface

5 E E

4 D D

3 C _C

2 B B

1 A A
Before shear After shear

Stacking sequence of {112¢{ planes in B.C.C crystal
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Transformation of crystallographic directions
by twinning
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Transformation of crystallographic directions
by twinning

Coordinate axes X." of which X,"is normal to composition
plane of twin

X. X X.
1 X X3
[001] 4 p
X3 X | Gy Ay o

Xop | Ay Ay dy3

X3 | dzp dzp di3

2 iy Ay dyz || Pr
t’; — | %21 G L3 || P2
D3 | d3p A3 dzz || P3|
_p1_ _all dy, a31"p{_
Po|=|ay Gy asy | p;
| P3| [tz Gy dg3 Ps
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Transformation of crystallographic directions by twinning 1

Coordinate axes x.’ of which x,’is normal to
composition plane of twin

v T
[()()}%t]3 <4 Xg'11Xq

In twin
plT -1 0 O__pll_ __a11 — g _a13__p1_
PzT =10 =1 0| p;|=|—ay —ay —a,|p,
_P3T_ i 0 O 1__17:’3_ | A3 3y 33 “%3Ii>




refer the vector to the conventional reference axes x;
within  the twin referred to the axes x;’.

_plT __1 0 0 pi —dy;; —ap —ad | Py
p; =10 -1 0|py|=|-ay -—a, —ayl|Pp,
_psT 0 0 1__p; dj a3y dsz || P3|

Transformation Ay Ay dg
matrix A, Ay Ay

Vi dyy dy Ay plT _a11 dyy Az || 4 —4dp —lz3 || D1
Vo [T 82 Ayp Ay pzT =G Qyp Az || —dy —dyp —dy | P
| V3] [G13 4 a33__p§_ | A1z Ay daz || A3 Az, dzz | P3|
(25" -1) 2a312a32 2aa5; | py | ay" +a, +ay, =1 Guy +apay, + a0, =0
=| 2azay (2ay," —1) 2“322‘133 P> Ay +a, +ay =1 A0y +a5,as + a0, =0
L 261336131 261336132 (2(133 B 1)_ | P3| a312 + Cl322 + a332 =1 ayuay +ayay +ay,a; =0
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Suppose that an fcc crystal is stressed along [144], and a thin
deformation twin is created with (111) as its plane. Along what

-

direction within the twin does the applied stress act?

Vi (261312 -1)  2ayay 2030y, _pl_
2
V, | =| 2agay (2a5," -1)  Z2agay | p,
2
V, i 205,03 2a305  (2a4 _1)__173_
P :[144] xi =[111] ay, =a,, =a,, =1/+/3

The twin crystal is stressed in the [522] direction.
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A bcc crystal contains a twin with a (112) composition
E)Iane, and it is sliced parallel to the (001) plane, and
hinned for examination in the electron microscope.

Along which plane within the twin has the slice been
taken?

Vi (251312 -1)  2aya,, 2ag,a5; | Py |

V, | =| 2a5ay (251322 -1 2agpay | p,
2

V3 i 26l336l31 2a33a32 (26l33 _1)__p3_

P :[001] x; =[112]

a,, =1/+/6, a,, =1/+/6, . =2/+/6

the (221) plane
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Transformation of a vector that is sheared during twinning

Direction of interest in general becomes reoriented by
deformation twinning. X," is normal to K, and x," lies
parallel to n,
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The components g; of the new orientation referred to the matrix axes

/ N

44 P1

Pl |

4, |=| P>

! !

43| | P3
dy; Ay
= | Ay Ay
31 Ay
aqq

= | dy T Yy
Ay

1T o
+| Y Ps
0
a3 || P1 0 0
Ay || Po | T V| A3 A3
sz || P3_ 0 0
dqy a3
Ayy T W3y  Ayy + Ygg
ds 33

0

33

P1
P
P3

P
P
P3
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dqq 237, a3
Ay + Y3 Ay T Y3y Ayy + Ygg
3 ds) 33

g1 -1 0 0] |4
; 0 -1 0| |q,
;| |0 0 1] |q;

N
N
1
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2% yp
-1 0f|ay+ms ay+iag,
0 1_ | Ay 3y
—dy —dyp
— Uy — N3 oy — M3
3 3
i Ay a31_ _%T_
i, dyp dzxp (|4 )
T
A3 Ay Qg3 || D3

A3 + Ylsg
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The orientation component #, referred to x, axes

[ P Ay dyy Ay lzy Ay las || Py
Ly |=—| Dy | — V| Apads Ayl Aydas || D)
I3 | D3 | Up3Usz)  Uyzlzy  Uozlas || P

Ay1lz) U313y  Agzqlgsy || P

+2| a30y  Ag05 Apdg || Py

| Ug3l3;  Uz3lzy  dg3lss || Pa

In general, the length and crystallographic character of p are
changed by deformation twinning, as may be seen by comparing

[p] and [f]. o>




Consider a carbon atom located at the interstitial site (0,0,1/2)
within the body centered cubic structure cell. If the crystal
undergoes deformation twinning with (112) as the composition
plane and [-1-1 1] as the shear direction, in which kind of _
Interstitial site is the carbon atom located after twinning (assuming
that the crystal undergoes a homogeneous shear)?

P =[0, 0, %]
X,'=[-1-1 1]
X,'=[112]

a,, = —1/«/5 A3 :1/\/6




7] = (1/2, 1/2, 0)
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This point is the mid-
point of a cube face,
which in the bcc lattice
Is crystallographically
equivalent to the mid-
point of a cube edge.
We conclude, then, that
the crystallographic
nature of the interstitial
site (0, 0, 1/2) is
unchanged by twinning.
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[t]=[1/2 0 0]
— e
After twinning [-1/4 1/4 1/4]

after twinning it has the
coordinates (-1/4, 1/4, 1/4), 1.e.
directly between the most closely
spaced lattice points interstitial
atom, so we assume that the carbon
atom performs some kind of shuffle
O during twinning, so as to
\O\( end up in a conventional interstitial
site. Similarly, the (0, 1/2, 0) site Is
ot transformed to (1/4, -1/4, 1/4) by
twinning.
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The deformation due to mechanical
twin can be expressed by twinned
volume fraction.

26

<>



