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Abstract. The effect of different deformation temperature, different deformation degree and different
deformation rate on the recrystallized degree and grain size of copper tee joint valve body after
Multidirectional extrusion deformation were Investigated. The results shows that the
recrystallization structure is Homogeneous and fine (stick or needle shape) after Multidirectional
active loading by half closed mould cavity at more than 720°C and higher deformation rate (1~5
s-1) when average deformation degree is above 50%. Through choose reasonable accurate
processing routing, multidimensional active loading can make each deformation zone deformed
simultaneously, which could significantly reduce the non-uniform deformation. Compared to the
ordinary extrusion process, deformation dead zone obviously decreased and the microstructure
of workpiece is more homogeneous and the deformation force is decreased greatly.

1. INTRODUCTION

Aluminum brass has good thermal conductivity, wear
resistance, good corrosion resistance in the
atmosphere and excellent machining performance.
So the aluminum brass is widely applied for various
valves which used in sea water, the oxygen, air, oil
and other media [1]. But brass body by casting
commonly support PN<2.5 MPa pressure, that
much lower than steel body support and greatly limits
the development and application. The strength and
toughness of brass body by plastic forming has
greatly improved [2-4].

As shown in Fig. 1, there are three internal
cavities with not the same line to be formed while
three-way valve forming. Using the traditional one-
way extrusion forming technology need multi-pass
complex process, so need high cost and product
quality is not guaranteed.

The microstructure of the brass with 40% of zinc
is composed of the (  + ) two phases at room

temperature, and the brass is called the two-phase
brass. The  solid solution has good low-temperature
molding, and due to the solid solution strengthening
effect of Zn it has high strength. But the brass is
brittle at 300-720°C, not suitable for processing in
this temperature range [5-7]. The  is CuZn-based
E-compound solid solution. The  has high plasticity
performance at high temperatures, and improve the
room temperature strength at low temperature.
Therefore, (  + ) brass should be formed under the
hot. When two-phase brass alloy hot forming, 
phase at matrix body formed the hot deformation
fibrous tissue. It can improve strength and wear
resistant. Alpha phase of face-centered cubic lattice
easy dynamic recrystallize. When processing above
700 °C, alpha phase can g] thr]ugh c]mpletely re-
dissolution and recrystallization, Alpha phase
analyses in beta phase at room temperature and in
matrix deformation to form tiny needle structure
makes material strength and toughness and as-cast
structures have been greatly improved.
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In this paper, two-phase HAL60-1-1 brass billet is
selected as body material, the crush test is carried
on the new multi-extrusion machine, the direction
of the punch is controlled to achieve a molding thin-
walled cylindrical shaped links billet parts [8-10].

2. EXPERIMENTS

The Tee Joint Valve Body plane figure can be seen
in Fig. 2. Parts external dimensions 145x120x100,
extrusion finished weight of about 20 kg; the wall
thickness of A, B, C three-part were 18, 18, and 25
mm, deformation 77%, 69%, 64% respectively,

100 150 mm cylindrical bar is used.
The test including two parts:
(1) Nonlinear simulation software surperform-3D
software is used to simulate the forming process ,
a reasonable load parameters are determined by
the process.
(2) According to the simulation results of extrusion
process from test and analysis of microstructures
extrusion parts, the forming process parameters on
the microstructure were investigated.

Fig. 1. Parts drawing.

Fig. 2. Plane schematic diagrams.

Temperature Loading order Loading
(°C speed

(mm/s)

720 Simultaneously 1
750 In turn 5

Table 1. Load parameters.

Group Code name Main chemical composition (wt. %)
Copper Zinc Other alloying element

Aluminium brass HAl60-1-1 58.0-61.0 Margin Al0.7-1.5,As 0.1-0.6,Fe0.7-1.50.7-1.5

Table 2. The alloy component of HAL60-1-1.

2.1. Simulation of metal flow of tee
joint valve body by
multidirectional extrusion
deformation

Orthogonal experiment is used in the simulation,
temperature, loading sequence and loading rate are
taken into account, considering two levels of each
factor as shown in Table 1, alloy HAL60-1-1 is used
in the simulation, components is shown as Table 2,
material is assumed as steel molding materials,
selected extrusion temperature of 720 and 750 °C,
formed under isothermal temperature [11,12].

The equivalent coefficient of Al to Zn is 6%, an
increase in , zinc equivalent is calculated as
follows. The Al element is equal to increase the
equivalent of Zn, make beta area increased, and
zinc equivalent calculation formula as follows:

C C
X

C C C
Zn

Zn

Zn Cu

100%.

Among them the C
Zn

 and C
Cu

 are the contents of
copper and zinc respectively, the C is the content
of other alloy elements. Take them into the formula
and get the result:

X
Zn

43.9%.  (2)

Fig. 3 shows schematic diagram of metal flow
when loading simultaneously and loading in turn
respectively, (a) is loaded intermediate state, (b) is
the end of the state, from the simulation results,
while loading simultaneously, the metal flow
scattered, filling uneven, resulting in left part of A
area is not filled fully. Therefore, this loading process
is unreasonable.
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Fig. 3. Metal flow simulation.

Fig. 4. Metal flow simulation.

Fig. 4 shows the initial stage of deformation of
the loading process, A area is not filled, firstly,
dynamic model by the relative motion of two molds
to achieve the level of backward extrusion forming
two holes. The flowing rate of the metal is relatively
uniform, every parts is filled by the fluid at a uniform
rate, at the late movement stage of dynamic model,
the vertical dynamic model start moving, Liquid
metal flow reversely through the bottom of A area,
which filling A area, a complete part can be obtained
by this program.

The simulation result indicates that taking steps
to load is a reasonable process for the
multidirectional extrusion deformation machine.

Simulation result shows that the loading speed and
loading temperature only affects metal stress in the
deformation, while the fluid of the metal and strain
is a very small factor, so from the filling and
reasonable consideration, these two factors can be
ignored. The loading order determines the metal flow.

2.2. Tee joint valve body extrusion
experiment and microstructure
observation

Tee joint valve body extrusion experiment is carried
on the multi-isothermal extrusion hydraulic machine,
according to the results above, in order to load test
the way, the load is taken in turn, the temperature
of the material is 720, 735, and 750 °C, respec-
tively; the loading speed is 1, 3, and 5 mm/s.

Tee joint valve body extrusion experiment is car-
ried in the sequent solidification way, the metal flows
stably and uniformly with a good formability. But
the billet temperature and loading rate, Fig. 6 shows
the deformation rate at 1 mm/s forming the hole B,
the measured load stroke curve can be seen from
Fig. 5, according to the simultaneously loading pro-
cess, the punch 2 is started in the second step, in
the initial stage, The force upon the load punch in-
creases to a certain value rapidly, it is the stable
deformation stage, this time punch loading rise
slowly as the deformation increases. Integration of
the different test results under the conditions of
deformation can be drawn as follows. Deformation
temperature is higher, the faster extrusion speed,Fig. 5. Punch 2 load route graph.
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the deformation of the load by the smaller punch.
Which influenced the temperature, the deforming
force of the alloy in the 720 °C is higher than that in
735 and 750 °C, and as the deformation increases,
the load rate increases.

Samples of macro-structure and micro-structure
are observed under different conditions. Preparation
of macro-structure style level in the tube wall piece
is to take a larger part of the deformation of a typical
position, as shown in Fig. 6, we mill the face and
grind the sandpaper, after it is corroded in the 30%
nitric acid for 2 minutes, then it is watered, the grains
can be clearly observed in the 5 to 10 times
magnifying glass. Preparation of microstructure
subject need to be grinded by the sandpaper, it is
polished by the alumina suspension and then should
be corrosed (etching solution composition:
concentrated hydrochloric acid and concentrated
nitric acid by 3:1 mixture) for 1 minute, then it is
observed under the microscope after it is washed
by clean water.

3. THE MACRO-STRUCTURE
ANALYSIS

The grain size of the copper alloy billets is large, it
can be seen in the 5 times magnifying glass. By
five times the structure chart can be seen copper
alloy, the average grain size of the alloy is 1-2 mm,
which is in a irregular distribution, Fig. 6 is the macro-
items structure chart. The structure of the workpiece
material deformation different as the manifestations
is in different structures, firstly, the flow lines can
be seen clearly as the alloy is squeezed between
720 and 750 °C. The structures have not been fully
recrystallized, the metal flow along the direction of
the phenomenon shows a strong texture, the
process flow line can be clearly visible.

Fig. 6. Macro-structure of workpiece.

Fig. 7. Micro- structure of blank.

According to the phase diagram, 43.9% zinc
content can be seen, it is the  single-phase region
when the actual temperature rises to 720 °C, solid-
state phase transition happens when it is heated
above this temperature,  phase transforms to 
phase. High temperature  phase has a high molding
quality, it is easy to be formed, so the transformation
of the alloy above 720 °C is a single transformation
of -phase,  phase is the electronic compound
which is CuZn-based body with body-centered cubic
lattice, at the 720-750 °C range, recrystallization
do not happen, but the precipitation is associated
with the formation of -phase flow line structure.

4. ANALYSIS OF MICROSTRUCTURE
FORMATION

The microscope microstructure can be seen that
the second phase is in distribution of a large multi-
spindle with sharp corners and the second phase
and matrix boundary is smooth, as is shown in Fig.
7, H60-1-1 alloy is  phase matrix, -phase is the
second phase which is distributes in the matrix,
Dendritic  phase is clearly visible. As the -phase
non-brittle and hard phase, although there were large
needle and the matrix will not destroy the continuity
of the matrix, therefore, the plastic quality will not
be reduced and this shape is also beneficial to
maintaining the strength of the matrix.

In the HAL60-1-1 alloy microstructure changes,
there are mainly a-phase recrystallization, with
different processing conditions, a-phase were
precipitated in two different ways, as is shown in
Fig. 8, there are parts formed at (a) 720 °C and (b)
750 °C temperature respectively, samples can be
extracted from the same part of the microstructure
at 720 °C under the process, as the mold cools, the
temperature drops to 720 °C immediately, -phase
solid solution reaches saturation, it starts to
decompose  phase precipitates. As deformation
proceed, finally, -phase distributes along  phase,
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showing relatively large bulk line distribution. From
the relationship between the deformation temperature
and the microstructure effects, it can be seen that
the slower the deformation, the more obvious the

-phase distribution this block is caused by two
factors, firstly, as the deformation becomes slowly,
the process becomes longer, the processing time
in the precipitation of a phase is full. Secondly, at
the two-phase temperature range, deformation is
conducive to the precipitation of  phase, as the
deformation increase, -phase can precipitate in all
parts of the matrix and have sufficient time to grow
up. (b) is a structure formed under higher
temperature, due to the high processing
temperature, -phase precipitate lately, sometimes
it occurs after the deformation, then the rod shape

-phase precipitates, but it is different from the
original structure obviously.
(1) the length of rod structure and the direction of
metal are equal.
(2) the interface of the two-phase shows a uneven
shape, there are washboard-like slips in many
places in the surface of  phase with the process-
ing direction of the line 45°C.

At room temperature, this structure can improve
the strength of the workpiece, so in the hot
deformation, if to obtain high-strength materials,
isothermal deformation should be used, the
deformation temperature should be controlled over
720 °C, to avoid appearance large granular of a
phase.

5. HAL60-1-1 DURING HOT
DEFORMATION
MICROSTRUCTURE MODEL

HAL60-1-1 alloy is analyzed after when the
deformation happens, the macrostructure and
microstructure texture shows that the alloy in the
thermal processing of dynamic recrystallization is

Fig. 8. Micro- structure of workpiece.

done while the soften process happens,  and 
phase do not changes at the same time but the
recrystallization grain degree is changed, no
recrystallization happens as the matrix  phase in
the 720-750 °C range deforming, so the original billet
grain recrystallization process is not only in the
processing of metal flow along the direction of
rotation and the grains were elongated to form thermal
texture, the structure chart above shows that -
phase thermal deformation of fibrous tissue increases
as deformation increases. During hot deformation
in the matrix structure, distribution of  phase, as a
high temperature transformation of  phase, and then
re-crystal precipitation in the low-temperature
process, therefore, under different deformation
conditions, the shape and distribution different
greatly.

HAL60-1-1 alloy deformed at 720-750 °C range,
the thermal deformation texture is -phase + -phase
recrystallized. If the thermal deformation temperature
is always above 720 °C,  phase does not appear,
when the deformation finishes, the temperature fell
below 720 °C, -phase starts to precipitate, this
time as  phase is the supersaturated thermal
texture structure, its crystal lattice distortion and
dislocation accumulation of a certain direction are
present, -phase is the texture direction and
therefore the texture is rod-like or needle-like
structure. If the temperature is below 720 °C, then
saturated  phase will be precipitated in  phase,
at this time  phase texture do not precipitate 
phase texture, which is plate-like.

The forming properties of two-phase brass alloy
depends on the performance of  phase, because
the heat processing of two-phase brass, generally
is at a temperature range of -phase,  phase is the
CuZn-based compound ,which is body-centered
cubic lattice, it has good high temperature plastic
quality, the reason of the hardening phenomenon is
mainly because of -phase lattice distortion, the
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softening process is because deformation increases
and temperature drops, face-centered cubic lattice
of -phase is precipitated. While -phase re-
precipitates, two-phase brass recrystallizates, the
deformation of two-phase brass is to keep the
workpiece fibrous matrix, the matrix  phase re-
melted and recrystallizated. Although the -phase
is face-centered cubic lattice with low intensity, good
plasticity, it is saturated of full dissolution of zinc,
the lattice distorted, so  phase has a high intensity,
while rod-like or needle like  phase and  phase
interface is long, the fusion quality is better than
the plate-like, the material strength and toughness
can be improved.

6. CONCLUSION

(1) The number simulation provides a better way for
tee joint valve body that is in multidirectional extrusion
deformation when it is loaded, flow direction will be
assigned, a shape with different angles, special
section tube parts within the hole. Tee joint valve
body extrusion experiment is carried, material
HAL60-1-1 brass is selected, in a certain range, as
the appropriate deformation temperature and strain
rate increase, it can reduce the deformation
resistance
(2) HAL60-1-1 large grain size copper alloy is
selected to produce tee joint valve body extrusion
experiment, the reasonable temperature is 720-750
°C, after deformation -phase thermal is fibrous
tissue, within the basement of  phase fibrous
tissue, according to different the deformation
conditions, -phase shows irregular block or rod
distributions. When the heat distortion temperature
is below 720 °C, deformation occurs a the situation
precipitated  phase, the first precipitation of 
phase in the subsequent deformation process, there
are significant internal lattice distortions and stacking

faults, resulting in the formation of massive recrys-
tallization structure.
(3) Because irregular rod-like  phase structures
can help to improve the mechanical properties, when
the processing temperature is between 720 and 750
°C, the higher the temperature is, the more rod like
texture.
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