








Figure 5 Longitudinal section after 20% rolling deformation at
BO0-830 K.

Figure 6 Longitudinal section after 30% rolling deformation at
S00-830 K.

orientation density of the y-fibre increases while the
(001}¢110> component remains very weak. How-
ever, the {1121<{110) orientation does nol appear at
all (Fig. 3e.f). Also after large strains the microstruc-
ture is very similar to that of heavily cold rolled
non-ordered b.c.c. alloys.

Slip lines were noticed in the longitudinal sections
of many grains (Fig. 7). These lines were usually
straight rather than wavy and olten only one or two
types of slip lines were observed (Fig. 7). Such slip line
patterns are somewhat different from those reported
for pure b.cc. metals or non-ordered b.cc. alloys
[49,50]. Since b.c.c. metals do not contain close

packed crystallographic planes they reveal three types of

potential glide planes generating 12 {110;{1113,12
(112}{111)and 24 {123}{111) slip systems. Since
cross slip is not intrinsically hindered in b.c.c. metals
their slip lines often have a wavy rather than a straight
shape. The only well known exception is Fe with an S
content ol about 3 wt % where slip is restricted to the
12 {110!<{111)systems. Consequently, in Fe-3 wt %
Si slip lines appear straight rather than wavy [49,50].
Although in the alloy under investigation the slip lines
were also straight this does not necessarily mean that
dislocation movement is restricted to {1 10} planes. It
must be considered that straight slip lines may indi-
cate either that cross slip 1s simply impeded or that
one type of slip system prevails during deformation.

However, additional conclusions may be drawn
from the slip line observations and deformation tex-
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Figure 7 Longitudinal section after 80% rolling deformation al
200 830 K. In numerous grains straight slip lines were observed.

tures. If {1 10111 slip systems had dominantly
contributed to plastic deformation of Fe;Al during
rolling, a strong {112}{110) texture component
would have been generated. This is well established by
numerous experiments and Taylor type simulations
on non-ordered b.c.c. alloys [e.g. 45-48]. This would
also be true in the case that {112}{111} and
1231111 had accompanied slip on {1 103111
systems [32]. The {112}<{110> orientation which
usually represents the maximum texture component of
rolled b.c.c. alloys [45-48] was, however, not found in
the rolled Fe;Al specimens. In non-ordered b.c.c. ag-
gregates there are only two ways to avoid the strong
112}<110) orientation. First, the externally im-
posed deformation tensor can be modified [47], e.g.
torsion or cross rolling instead of rolling deformation
under plane strain conditions, and second, the grain
morphology can be discontinuously modified by re-
crystallization of the rolled specimen. However, nei-
ther case applies in the present situation.

Since the crystallographic texture 1s closely connec-
ted with the activated slip systems [51-57] it may be
concluded that {110}{111) slip systems only play
a minor role for the plastic deformation of Fe;Al
polycrystals. This assumption is confirmed by a
Taylor type model. Simulations according to Taylor
[53] arc based on the description ol macroscopic
deformation by means ol crystallographic slip. The
macroscopic deformation is characterized by the
displacement gradient tensor written in lattice co-
ordinates. Its symmetric part represents the strain
tensor, while the antisymmetric part describes the
resulting plastic rigid body rotation (not the grain
rotation). From the latter tensor and the displacement
gradient tensor written in machine co-ordinates the
relevant orientation changes can be computed [e.g.
547]. The macroscopic deformation during rolling
consists of elongation in rolling direction and thick-
ness reduction parallel to the sheet plane normal
(ideal plane strain tensor). In the so called full
constraints Taylor approach [53] the imposed strain
tensor is transferred into each grain where 1t 1s
fulilled by crystallographic slip. Consequently,
compatibility of the grains during deformation is
included.
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Figure 8 Simulated shear contribution of the three types of poten-
tial b.c.c. slip svstems in grains with a-fibre orientation. Taylor type
simulations [53-57] including all 48 potential b.cc. slip systems
[49,50-52] (12411031113, 12{11211 11> and 24 §123:{111)
systems) with identical critical resolved shear stress. Each column
represents the amount of shear contributed by a single shp system:
Contribution of (a) {11 0}<11 1% slip systems, (b} {1 12}<1 11 slip
systems. and (c) {1231 ] | % slip systems.

From the above it follows that various types of
information can be extracted from Taylor simulations,
namely the types and the shear contributions of the
active slip systems and the resulting grain rotations.
Typically, the latter information 1s used [32,34,36].
However, in this study the individual shear contribu-
tion of each type of active glide system 1s investigated.
In the prf.:sr.:nt simulation all three types of b.c.c. ship
%}-‘qtems 10}¢111>(12), 4112}<¢111) (12) and

Rarelid: 1 I} (24) are used. Fig. 8 presents the shear
mntnbuted bv each type of slip system for main ori-
entations on the o-fibre. Fig. 8a presents the shear
on {110%¢111), Fig.8b that on {112}{111} and
Fig. 8¢ that on {123}(111> glide systems. Each

column represents the amount of shear contributed
hﬁ; a single slip system. The simulation shows that

[ 10}¢1 11> systems (Fig. 8a) mainly contribute to
th stabilization of the 1121110} texture compon-
ent (¢ = 357). Their contribution to the stabilization
of the {1 11}{110) (¢p~55") component, however, Is
negligible.

In a previous investigation similar simulation tech-
niques were employed [32]. The study which was
carried out on rolled FesAl with 2 at % Cr content
showed that glide systems with a (100} Burger's
vector and {001} or {011} slip planes which were
found in deformed single crystals [8,28-31] did not
contribute to the plastic deformation in polverystal-
line Fe;Al

Neglecting h-:,uuu both {110}{111) and cubic slip
systems, only the {112}{111> .f.md (12331115 sys-
tems remain. The Taylor type simulations suggest that
one {112}{111) (Fig. 8b) as well as two {1 2311115
clide systems (Fig. 8¢) contribute to the formation and
stabilization of the {1 11}<1 10> orientation (¢ =557,
However, the current results do not clearly show
whether the {1121{111> or the {123}{1 11> glde
systems prevail.

4. Conclusions
The development of texture and microstructure dur-
ing rolling of a B, ordered polycrystalline Fe; Al ag-
gregate was studied within the range & = 20-80%. The
rolling textures revealed a strong {1 11}(uvw) tex-
ture fibre. The (001}<{110> component was very
weak. The {112}{110) orientation which was pres-
ent in the starting texture decreased rather than stabil-
ized during rolling. These results were compared Lo
cold rolling textures of non-ordered b.c.c. alloys and
to Taylor simulations by which the shear contribution
of the various types of slip systems was computed.
This comparison indicated that plastic deformation of
FesAl polyerystals is essentially accomplished by slip
on {112}<{111) and possibly also on {123}{111)
systems. However. the contribution of {110;{111)
and cubic glide systems seemed to play a minor role.
Slip lines were discovered in numerous grams. How-
ever, these lines were nol wavy as in non-ordered b.c.c.
a ID}“F-:. but straight. This observation indicated that
either cross slip is impeded or that one type ol ship
system prevails during deformation of Fe Al
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