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Abstract: The triangular 2014 aluminium alloy forgings were made by a new process and the traditional process. The

results showed that the mechanical properties of the forgings made by the new process are far higher than that in the stan-
dard of GB223-84, and also higher than that in the standard of EL/53M I-94; moreover, the mechanical properties are al-
most the same in each direction, and anisotropies are very small. The grains and 2nd phases were analyzed by using TEM

and SEM, the results indicate that very fine grains (3~ 6 Hm) appear in an approximately isometric way, and a large num-

ber of 2nd submicrophases( 0. 05~ 0. 15 HPm) disappear in no apparently preferred orientation distribution because the new

process involves multidirectional heavy plastic deformation ( A= 12), solution( 500 ‘C/400 min) and ageing( 165 ‘C/ 10 h)

heat treatments for a long time at high temperatures. These refined grains, 2nd submicrophases and their almost homoge-

neous distribution can make it possible for the forgings to display high mechanical properties.
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1 INTRODUCTION

Stricter and stricter requirements on aluminium
alloy forgings are always being put forward because of
the development of modern aerospace technique, not
only for the high strength, low density, but also for
the high ductility. The 2014 alloy is a sort of high
strength aluminium alloy, extensively used in space
flight industry'"+?1.
the triangular forgings of 2014 aluminium alloy made
by the traditional process can’ t meet the standard of
EL/53MF94. By the experiments a new process was
suggested, the mechanical properties of the forgings
produced by which were even higher than that in the
standard of EL/53MF94, and far higher than the
standard of GB223-84, thus came up to the require-
ments of the satellite’ s launching. The mechanical
properties in different directions of the forgings made
by two processes are shown in Table 1.

It is obvious that the Standard of EL/53/ M IF94
is very high. Though the properties of the forgings
made by the traditional process had almost met the
Standard of GB223-84, they were not able to be used
for the satellite’ s launching. However, the properties
of the forgings made by the new process were higher

than that in the Standard of EL/53M1-94, and sri-

multaneously, the anisotropies were very small.

But the mechanical properties of

It is a very popular hot topic for researchers in
materials science and engineering how to strikingly
improve the mechanical properties of traditional
metallic materials. Some articles'* ' have indicated

that different processing methods and heat-treatment
systems will have great influences on the mechanical
properties of 2014 aluminium alloy. The with super
strength 650~ 700 M Pa can be expected by refining
grains and homogenizing structures. If the grains re-
fined are ten times as small as the original, the
strengthening increment of the yield strength can be
10 times as high as that of the original metal'''!. In
this topic a new process was introduced involving
multidirectional heavy deformation, solution and age
ing heat treatments for a long time at high tempera
tures, in order to greatly improve the mechanical
properties of the forgings of 2014 aluminium alloy.
The forgings were also made by the traditional pro-
cess as compared with those made by the new one.
The grains and 2nd precipitated phases in the forgings
made by two processes were analyzed by TEM and
SEM, which showed structurally the reason why the
mechanical properties of the triangular forgings were
greatly improved.

2 EXPERIMENTIAL

Equilateral triangular forgings were made by the
following two processes in the investigation, whose
shape and dimension are shown in Fig. 1.

Traditional process: unidirectional deformation
( ==5) - machine shaping ~ solution heat treatment
(500 C/ 105min) - quenching (water temperature 50
<) ~ cold deformation 4% ageing (150 C/4h)

New process: multidirectional deformation ( A=
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Table 1 M echanical properties of forgings and two referential standards
Longitudinal T ransverse Normal
Processes and
St andards Ob 00 2 6 ob 00 2 6 ob 00 2 6
/ MPa /M Pa ! % /M Pa / MPa ! % /MPa /MPa ! %
Traditional process 403 348 6.5 362 308 2.6 321 276 1.2
New process 466 454 10.5 457 444 6.3 449 433 4.2
Standard of GB223-84 382 6 353 4 333 2
Standard of EL/53M 94 435 380 7 435 380 2 420 370
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Fig. 1 Shape and dimension of the forgings

12) ﬁfinishing_) solution heat treatment (500 'C/400
min) - quenching (water temperature 80 C) ~ cold
deformation 4% ageing( 165 'C/ 10h).

The mechanical properties in longitudinal, trans-
verse and normal( LD, TD and ND) directions of the
triangular forgings were determined by a tensile test
machine ( Instron 8032) and the structure were ana-

lyzed by SEM (KYKY AMARY 1000B ) and TEM
(Hitachi H-800) as well.

3 RESULTS AND DISCUSSION

3.1 Microstructures of forgings made by tradition
al process

T he microstructures of the forgings made by the
traditional process are shown in Fig. 2 and Fig. 3. It
can be seen that there are two kinds of phases, CuAl,
and (CuFeMg) Als, with bright and dark blocks re-
spectively( Fig. 2( b)), which stretched streakily a
long the longitudinal direction ( Fig. 2(a, b)). But
their dispersions in the transverse and normal direc
tions are almost the same ( Fig. 2( ¢, d)). The grains
in the forgings remain also longer along longitudinal
direction (Fig.3(a)), and the grain sizes ( about 5~
10Hm) are unevenly distributed. But along transverse
and normal directions the grains become nearly equr
axed (Fig.3(c¢)). The dispersed 2-phases ( about 0. 1
~ 0.3Hm) (Fig.3(b,d)) are CuAl,. In some zones,
the 2-phases start to become bigger ( Fig. 3(b, d)).

According to the experiment, the deformation of
the forgings by the traditional process was very heavy
in one direction and their total deformation was low.
Because of the shorter solution time the recrystalliza

tion of the forgings was not completed, the density of
the dislocations in the forgings is far higher along
LD, thus the precipitation time of the 2-phases be
comes shorter and they show an apparently preferred

12131 " However because of the shorter

distribution
ageing time, the precipitation in TD and ND is in-
completed, and the fraction of the strengthening
phases is less than that in LD. Due to the inhomo-
geneities of the deformation in some fields of the forg-
ings, some of the precipitated phases begin to become
bigger. These inhomogeneities of the grains and pre-
cipitations ( Fig. 2) will naturally lead to not only the
lower strength and ductility, but also more serious

anisotropies.

3.2 Microstructures of forgings made by new pro-
Ccess

T he microstructures of the forgings made by the
new process are shown in Fig. 4 and Fig. 5. It can be
seen that there are also two kinds of precipitations in
the forgings, but the 2nd phases and grains are dis-
tributed nomdirectionally. The grains (about 3~ 6
Hm) (Fig. 5(a)) are nearly equiaxial and the 2nd
phases (‘about 0. 05~ 0. 15 Pm) are with a great
quantity distributed at random ( Fig. 5(a, b)). After
ageing of 165 C/10 h, a needlelike phase S
(ALb,CuMg) is able to be found, identified by spot
diffraction (Fig.5(c)), and it can strengthen the
forgings as well. However, it has not been found in
the forgings made by the traditional process.

Because of the multidirectional heavy plastic de-
formation, the distortion of the crystal lattice is
serious, the density of dislocations is high, and the
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Fig. 2 SEM photos of forgings made by traditional process

(a,b) —Along LD (face LXT); (c¢,d) —Along TD (face T x N)

Fig. 3 TEM photos of the forgings made by traditional process
(a,b) —Along LD (face LxT); (c¢,d) —Along TD (face T x N)

deformation in the forgings will gradually tend to be
homogeneous, which will lay the necessary structural
foundation for the fine grains and homogeneous pre-
cipitations. For the long time (400 min) solution at
high temperature ( 500 C), the recrystallization of
the forgings has fully been completed and the grains
have become very fine. The precipitations in the forg-
ings are able to easily come out in the matrix with the

high dislocation density where the nucleation possibil
ities of the second phases are much greater. The
grains and the second phases are only half as large as
those in the forgings made by the traditional process.
According to the HalkPetch equation, the strength-
ening increment of the yield strength is 2 times as
much as that of the forgings made by the traditional
process. Because the forgings have reached the stage
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Fig.4 SEM photos of the forgings made by the new process

(a,b) —Along LD

(face 7 ) _

Fig. 5 TEM photos of forgings made by new process
(a,b,c) —Along LD (face L x T); (d) —Diffraction spot of the needle like phases

of peak value ageing for 10 h at 165 C, most of the
precipitations have formed an incoherent relationship
with matrix, therefore, dislocations would bypass the
second phases during deformation and exert a long-
range interaction with them, which could improve
the strength of the forgings. If the volume fraction of
the precipitations is constant, the strengthening in-
crement of the material is directly proportional to the
reciprocal of the radius of the incoherent precipita
tions. Therefore, the increment of the yield strength
can be improved one times more than that of the forg-
ings made by the traditional process. Moreover, the
refining of the 2-phases and grains is able to make the
material deformation homogeneous, thus improve
ductility of the forgings greatly.

Due to the very slow precipitation of the phase
S" (ALLCuMg), it is not able to be found in the forg-

ings made by the traditional process, aged for 4 h at

150 'C. However it appears only in the forgings with
high dislocation density made by the new process,
aged for 10 h at 165 C. This precipitation can also
strengthen the forgings further.

4 CONCLUSIONS

1) A new process for 2014 aluminium alloy forg-
ings for high mechanical properties has introduced,
and by the multidirectional heavy deformation( A=
12), solution (500 'C/400min) and ageing ( 165 C/
10h) heat treatment for a long time at high tempera
tures, the mechanical properties of the 2014 triangu-
lar forgings are far higher than that in the standard of
the GB223-84, and also higher than that of the stan-
dard of EL/53MI-94. The anisotropies of the forg-

ings are very small as well.
2) The refined grains (about 3~ 6 Hm) in the



Vol.10  Ne 2

Microstructures and mechanical properties of 2014 aluminium alloy forgings . 143 -

forgings made by the new process are dispersed in a
nearly isometric way. The precipitations ( about 0. 05
~ 0. 15Hm) are even dispersed. The grains and sec
ond phases are about half as large as those in the forg-
ings made by the traditional process. These refined
grains and precipitations have improved the yield
strength by about 1. 5 times, and the ducticity by
about 2 times.

3) The fine grains and precipitations in the forg-
ings made by the new process are distributed not in
apparently preferred orientations. The anisotropies of
the forgings are very small as well.
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