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Abstract] A combinatory large deformation model of multidirectional forging and subsequent rolling was proposed for
y larg gimng q g prop

producing high performance aluminum alloy ultrathick plates. The results show that fine grain (2~ 3Hm) structures

were obtained when total deformation coefficient A= 32 at 250~ 350 ‘C under a strain rate of about 0. 1s~ '. The devel

opment of fine grained structure can be characterized by the formation of strair induced high energy dislocation and then

transforms into new grain under large deformation at moderate temperature. The very fine secondary particles formed dur

ing large deformation play important role in retain the stability of the fine grained structures.
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1 INTRODCTION

Aluminum alloy ultre-thick plates of thickness
more than 40mm and with high mechanical proper
ties are the main structural materials, which are ex-
tensively used in the modern aerospace industry and
armor vehicles. Very finegrained structures in alu-
minum alloys generally result in remarkable combina-
tions of mechanical properties, for instance enhancing
strength together with high levels of ductility, and
large plastic deformation and recrystallization in many
aluminum alloys can achieve grain refinement. Re
cently, several techniques have been proposed to pro-
vide very high plastic strains, including equalchannel

=4 yorsion under high

angular pressing ( ECAP)
pressure ( TUC)P!,  cyclicextrusion compression
(CEC)'* ™ multrstep forging (MSF)!* "™ and so
on'™" But it is impossible in the production of ul
tra-thickness plates to get very high plastic strains be-
cause of restriction of mill opening, therefore, , how
to get enough deformation for industrial production of
ultra thickness plates has become a key fundamental
research to be done. So far, only multidirectional
forging seems to be a simple and practical method for
industrial production because neither high working
power nor special costly equipment is required. The
2024 aluminum alloy forgings with very fine grains (2
~ 3Hm) and submicrophases (0. 05~ 0. 15Hm) were
produced by a multidirectional large deformation ( de-
formation coefficient A= 12)!%°' The ultrafine

grained structures with grain sizes over the range

from 0.5HMm to 5SHm were fabricated by multrstep
forging of 2029 and 1420 aluminum alloys'''!. The
present work is to put forward a combination defor
mation model with multidirectional forging and subse-
quent rolling, and to study the microstructural evolu-
tion during multidirectional forging and subsequent
rolling of 7075 aluminum alloy, this can give guid-
ance for the production of high performance alu-
minum alloy ultrethick plates.

2 EXPERIMENTAL

A commercial 7075 aluminum alloy (Zn: 5.31,
Mg: 2.19, Cu: 1.38, Cr: 0.29, Mn: 0.04, Fe:
0.21, Si: 0. 14, and balance Al, mass fraction, %)
with an initial grain size of about 200 Hm was used as
the samples, and the samples were machined with the
starting dimension of d 40mm X 120mm. Multidi-
rectional compression tests were carried out with con-
sequent changing of the loading direction in 90°
through three mutually perpendicular axes (i.e. x to
y to z
draulic press. The samples were deformed at 350 'C

--) from pass to pass on an 3. 5SMN servo-hy-

under a strain rate of about 0.1s™ ' with graphite
powder as a lubricant. The deformed samples were
quenched in water, slightly ground to a rectangular
shape, and then reheated to 350 C within 30s and
compressed approximately to deformation coefficient
A’ 2( M= H/h, H and h are the specimen height of
pre-deformation and post-deformation respectively) in
each deformation pass. Subsequent rolling tests were
kept in the same direction of the last compression at
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250~ 350 C, under a strain rate of about 0.1s '
with machine oil as a lubricant on a d180mm %
320 mm hot mill. The total deformation coefficient is
considered as multiplication in the same deformation
directions and summation in the different deformation
directions.

Metallographic analyses were carried out on the
mid-sections perpendicular to the last deformation di-
rection using an Neophot-21 optical microscope (OM)
and an H-800 transmission electron microscope
(TEM).

proximately by the mean of liner intercept method.

The average grain sizes are determined ap-

3 RESULTS AND DISCUSSION

3.1 Microstructural evolution during multidirec-
tional compression

Typical microstructures evolved under multidi-
rectional compression at 350 C to various deformation
coefficients are shown in Fig. 1, indicating that grain
sizes decrease with increasing deformation coefficient
and grain sizes about 15~ 20Hm, 12~ 15Hm and 5~
8 Hm were obtained in 7075 aluminum alloy when
multidirectional deformation to a total deformation co-

efficient of A= 5.8, 12.2 and 21. 5 respectively.

3. 2 Microstructural evolution under multidirec-
tional compression and subsequent rolling

Typical microstructures of deformed sample un-
der a combination of multidirectional compression to a
deformation coefficient of A= 12.2 at 350 ‘Cand then
rolling to a deformation coefficient of A= 5.5 at the
range from 350 ‘C to 250 C (total deformation coeffi-
cient A= 17.7) are compared with an industrially

hot-rolled microstructure prepared under deformation
coefficient A= 27. 6 (rolled from 300 mm to 11 mm in
thickness ) at the range from 450 C to 350 C is
shown in Fig. 2, illustrating that grain sizes in the
former are smaller than that in the latter, and the
former structures absent of elongated grain formed in
rolling direction, but more equiaxed due to deforma-
tion direction changed alternatively in three of mutu-
ally perpendicular axes during multidirectional com-
pression, this very similar to the ECAP with chang-

. ; ; . [l 4
ing extrusion direction' '™ *!.

Because the degree of
energy accumulation in deformed samples increases as
decreasing deformation temperature, lead to the for

mation of reflned grains.
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Fig. 1 Microstructures of samples after multidirectionally deformed at 350 'C

(a) —A= 5.8; (b)

—A=12.2; (¢) —A= 21.5
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Fig. 2 Comparison of optical microstructures after combination deforming and hot rolling respectively
(a) —Combination deforming; (b) —Hot-rolling



.« 200+ Trans. Nonferrous Met. Soc. China

Apr. 2002

A progressive combination deformation of multi-
directional compression to a deformation coefficient of
A= 21.5 at 350 C and then rolling to a deformation
coefficient of A= 10.5 at the range from 350 C to
250 C was performed, very fine structures with 2~
3HUm grains were obtained in aluminum alloy when
total deformation coefficient A= 32. The optical and
TEM microstructures are shown in Fig. 3. An incom-
plete recrystallization structures are seen in Fig. 3(a),
and a very interesting fact in Fig. 3(b) shows that
both of the formation of high density dislocation con-
gregation ( notice A ) and the formation of recrystal-
lization nucleus (notice B), indicating that high den-
sity dislocation congregation may transform into new
grain nucleus under large deformation at the tempera-
ture range from 350 C to 250 C.

Kassner! ' found that strong evidence of recrys-
tallization existed in large-strain deformation of high
purity aluminum at ambient temperature, the most
prominent microstructural feature appeared to be
small (0.9Hm), and relatively equiaxed subgrains
formed from dislocation reaction during hardening by
a strain of 1. 7. This phenomenon of new grain evolu-
tion described above is similar to continuous dynamic
recrystallization, which occurs in turn by the progres-
sive accumulation of dislocations in low angle bound-
aries, leading to the increase of their misorientation
and the formation of large angle grain boundaries
when their misorientation angles reach a critical value
as increasing strain. In the strain range from 0.5 to
3.0, the average misorientation angle ( 0) of strain
induced subboundaries can be approximated by a lin-

ear function of accumulative strain ( ZS) as fol-

lows:

0= of De- &) (1)
The slope has reported by Hughes!"”! for an alu-

minum is 12°, and & is usually 0.2 to 0.4 and it is
considered as a critical strain where geometrically nec
essary subboundaries are produced by lattice rota
tions. The development of fine grained structure can
be characterized by the formation of strain-induced
high energy dislocations and then transforming to
new grain boundaries at high strains, that is essen-
tially similar to a continuous dynamic recrystalliza-

tion' ™. A strairrinduced continuous dynamic recrys-
tallization may lead to grain refinement under a com-
bination of large deformation model of multidirection-

al forging and subsequent rolling at moderate temper-

ature from 350 C to 250 C.

3.3 Thermal stability

Thermal stability of the structure after de
formed, with grain sizes over the range from 0.5 to
3 Pm under a combination model of large deformation
multidirectional forging and subsequent rolling was
studied. Heating at 480 'C for 15 min resulted in dis-
solution of dislocation nets and little growth of grains
due to boundary stabilization by secondary particles of
strengthening phases formed before annealing. Fig. 4
shows the dissolution of dislocation nets but pinned by
small particles with sizes over the range from 0. 05 to
0.2Hm. it can be stressed here that some of these
subgrains contain quite few dislocations in their inte-
riors and their neat boundaries have higher angle mis-
orientations. The average size of these (sub) grains is
about 0.5 to 3 Hm.

This mechanism has been used to promote super-
plasticity in Zr bearing or high Mg aluminum alloys
summarized in Ref. [ 14]. These alloys are generally
cold or warm rolled to increase their dislocation densi
ty, subgrains form very quickly but since the bound-
aries are pinned by small particles and continuously

absorb dislocations, the subgrains transform into

Fig. 3 Microstructures after combination deforming at A= 32
(a) —OM; (b) —TEM



Vol. 12  Ne2

M anufacturing of aluminum alloy ultrathick plates

« 221 ¢

Fig. 4 Deformed at A= 32 and followed by
annealing at 480 C for 15 min

grains without obviously growing. A fine and e
quiaxed grain structure is thus obtained during heat-
ing due to the action of the very fine secondary parti
cles formed in large deformation.

4 CONCLUSIONS

1) A combination model of large deformation
multidirectional forging and subsequent rolling may
provide a potential thermo-mechanical processing for
producing high performance aluminum alloy ultra
thick plates (the thickness is more than 40 mm) .

2) Very fine-grained (2~ 3 Hm) structures are
obtained in 7075 aluminum alloy when total deforma-
tion coefficient A= 32 at the temperature range of 250
~ 350 C under a strain rate of about 0. 1s™ '

3) The development of fine-grained structure can
be characterized by the formation of strain-induced
high energy dislocation and then transforming into
new grain under large deformation at moderate tem-
perature.
during large deformation play important role in retain

The very fine secondary particles formed

the stability of the fine-grained structures.
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