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Abstract: To investigate the mechanistic influence of the deviation ratio and heating temperature on the hot shear spinning of TA15
alloy, the geometric precision and microstructure evolution of the hot-spun parts were experimentally investigated under different
conditions. The results show that diametrical shrinkage occurs under a negative deviation ratio, and a sudden decrease in heating
temperature creates a sharp increase in the shrinkage. A pronounced diametrical enlargement increases from the bottom location to
the open end of the workpiece under a positive deviation ratio with a gradual decrease in heating temperature. The hot shear spinning
process can lead to a non-uniform microstructure that results from the non-uniform deformation along the thickness direction. The
distortion degree of the fiber microstructure formed near the outer surface increases with the decrease in the deviation ratio. A
deviation ratio near zero and heating to a temperature within the desired range are beneficial conditions for obtaining spun parts with

satisfactory geometric precision and a uniform microstructure.
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1 Introduction

Spinning is commonly known as a process that
transforms flat sheet metal blanks into hollow shaped
parts via the action of one or more rollers that contacts
the blank and progressively induces a change in its shape
and wall thickness according to the profile of the
mandrel and the track of the roller. Because the roller is
applied locally to the workpiece, the total formation
forces can be significantly reduced compared with
conventional press forming. The spinning process
combines exceptional flexibility with suitability for
producing complicated axisymmetric parts that are
highly close to the net shape, thus enabling engineers to
optimize designs and reduce the weight and cost of parts.
Consequently, the spinning process has been increasingly
utilized in aviation, aerospace, weapon and automotive
industries [1]. The TAI1S5 alloy represents a type of
advanced material that provides the properties of high
strength, excellent corrosion resistance, good weldability
and high temperature performance as well as light weight
compared with steels and Ni-based alloys, thus serving

as an important structural material in the aviation and
aerospace industries [2]. However, high deformation
resistance and low ductility limit its spinnability under
the conventional cold spinning process. The specific use
of temperature reveals the potential to achieve a
significant reduction in the force and/or pressure required
for forming [3]. Therefore, the development of a
hot-spinning technology for production of TA15 products
is of significant importance. However, due to the
difficulty of achieving temperature gradients suitable for
forming [4], the complex deformation characteristics
(such as the expansion caused by heat, the shrinkage
caused by cooling [5] and the interactions of expansion,
shrinkage and springback after the spinning process) and
the low elastic modulus of titanium alloys [6], it is
difficult to control the geometric precision and the
microstructure of hot-spun parts of the TA15 alloy.

At present, research works that address the
characteristics of stress and strain, forming defects and
the influence of the process parameters on the hot flow
forming and hot shear spinning processes were carried
out using the finite element method (FEM) and
experimental methods. For hot flow forming, SHAN et al
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[7-9] analyzed the microstructure evolution, the
mechanical properties, and the correlations of the
microstructure and texture with the deformation history
in the hot backward flow spinning process of the BT20
tube using FEA and experimental methods. The results
show an obvious through-thickness inhomogeneity in the
deformation, the microstructure and the texture. The
inhomogeneity of the as-spun microstructure can be
strongly reduced using multi-pass and large-deformation
tube spinning. At the same time, the tensile strength
increased, and the elongation decreased not only in the
axial direction but also in the circumferential direction,
which means that a tubular workpiece of titanium alloy
can be strengthened bi-directionally via spinning.
HUANG et al [10] numerically investigated the influence
of the coefficient of friction, the roller translation speeds
and the roller radius on the neck-spinning process for a
JISG3141 steel tube at elevated temperatures. They also
compared the experimental and simulated results with
respect to the thickness distribution and the outer contour
of the spun tubes. Based on these studies, they concluded
that spun tubes with acceptable properties could be
produced by hot flow forming techniques. On the topic
of hot shear spinning, MORI et al [11] developed a hot
shear spinning process for cast aluminum alloy parts that
can eliminate casting defects and produce a desired
distribution in the wall thickness and reported that
dendrites and shrinkage cavities in the cast aluminum
alloys might be successfully eliminated by hot shear
spinning without the occurrence of fracture. LI et al [12]
established a three-dimensional (3D) elastic-plastic FE
model coupled with the thermal-mechanical effect for
hot shear spinning of a TA15 thin-walled cone. Using
this model, ZHAN et al [13] investigated the distribution
and variation features of the temperature field and the
stress and strain fields as well as the influence of the
process parameters on the process; they also found that
the effect of the contact heat exchange and the friction
heat can cause a large temperature gradient along the
thickness direction of the deformation zone, which can
result in remarkable inhomogeneous deformation. The
thermal stress has a significant influence on the
magnitude and distribution of the stress. And they also
investigated significant factors that influence the
differences in wall thickness, the fittability of the
workpiece with the mandrel and the trend of wrinkle.
These results may provide a theoretical guide for the
determination and optimization of the forming
parameters for the hot spinning process of TA1S
thin-walled cones. However, the FEM analysis of the
geometric precision and the microstructure evolution in
hot spinning process will encounter severe difficulties.
These issues include complex boundary conditions,
spatially clustered non-uniform arrangements of

complex-shaped grains, strong microstructural sensitivity
to processing [14], and the complex deformation
characteristics mentioned previously. Although the
experiments are expensive to conduct, the experimental
results are accurate and reliable and can be used directly
to solve the practical problems in production. As a result,
it is necessary to use experimental methods to research
the geometric precision and the microstructure evolution
of a hot-spun part.

In shear spinning, the deviation condition of the gap
between mandrel and roller deviating from Sine law
(t=tysin ay, t is the final wall thickness, #, is the initial
blank thickness, and ay is the half-cone angle of the
mandrel) is an important influence factor to forming
quality. This deviation condition is called as deviation
ratio from Sine law, and is simplified as deviation ratio.
In terms of spinning theory, negative deviation can
improve the spinning feasibility of material and the
fittability of the spun part with the mandrel but will
increase the spinning force. Conversely, positive
deviation can decrease the spinning force at some degree.
With respect to the process parameters, ZHAN et al [15]
found that the deviation ratio is one of the most
important factors that affect the product precision, and
CHEN et al [16] also demonstrated that a negative
deviation ratio may improve the shape and size precision
of cold-spun parts. However, to date, few studies have
been conducted on the deviation ratio in the hot shear
spinning  process. Furthermore, XU et al [§]
demonstrated that the spinning temperature has a distinct
influence on the forming properties of spun workpieces.
Therefore, in this study, the heating temperature was
selected as the other decisive parameter. The results of
experiments on the hot shear spinning of conical TA15
alloy workpieces were presented under different
deviation ratios and heating temperatures. The geometric
precision of the hot spun parts was examined and the
microstructure evolution was observed. Finally, the
findings concerning the mechanistic effects of the
deviation ratio and heating temperature on the geometric
precision and microstructure evolution of TA15 material
were discussed. The results may provide a significant
guide to practical control of the geometric precision and
microstructure for the hot shear spinning of TA15 alloy.

2 Experimental

2.1 Materials

The TA15 alloy chosen as the experimental material
was produced by Baoji Non-ferrous Metal Works in the
form of an as-hot-rolled sheet with a nominal thickness
of 5 mm. The chemical composition of the blank is listed
in Table 1.
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Table 1 Chemical composition of TA15 blank (mass fraction,
%)

Position Al \% Mo Zr Si Fe
Upper layer 67 13 12 20 002 0.04
Under layer 6.6 1.4 1.2 1.0 2.0 0.02

Position C N H (0] Ti
Upper layer 0.01 0.01 0.003  0.008 Bal.
Under layer 0.04 0.01 0.01 0.10 Bal.

Figure 1 shows the initial microstructures of the
TAT15 blank. The initial microstructure consists mainly of
o phase (bright areas) with a small amount of f phase
(dark areas). The grains appear as bar-shaped under the
action of rolling deformation, but the microstructure in
cross-section is distributed more randomly than that in
the axial section.
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Fig. 1 Initial microstructures of TA15 blank: (a) Axial section;
(b) Cross-section

2.2 Conditions

Negative, zero and positive deviation ratios were
employed to examine the effects of the deviation ratio
and the heating temperature on the hot shear spinning of
TA15 alloy. The blank was heated by two hand-held
oxyacetylene flames located in front of the rollers in an
attempt to maintain a temperature in the range of
500—600 °C, as monitored by an infrared thermometer.
Because this temperature is rather low, no phase

transformation will occur in the deformation. Figure 2
shows the temperature recorded during the spinning
process. As observed in Fig. 2, the temperature was
variable and did not remain in the desired range due to
the difficulty of controlling the temperature of the blank
via the flame heating in addition to the complicated heat
exchange under different deviation ratios. From Fig. 2, it
can be observed that except for a gradual decrease in
temperature at the final stage, the temperature under a
zero deviation fluctuates slightly regardless of the
deviation ratio, the temperature under a negative
deviation also fluctuates slightly except for a sharp
decrease in the middle stage and the temperature under a
positive deviation decreases while the spinning process
going on. The other main parameters are a roller feed
rate of 1.0 mm/r and a mandrel revolution rate of 60
r/min. The mandrel and rollers used in the hot shear
spinning experiment are illustrated in Fig. 3, and the
definitions of the directions on a spun part are shown in
Fig. 4.
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Fig. 2 Experimental conditions for hot shear spinning (A:
Deviation ratio)

360

Fig. 3 Dimensions of mandrel (a) and roller (b) (Unit: mm)

Additionally, the microstructure evolution in the
wall region of the spun part was observed in both
tangential and circumferential sections (Fig. 4) along the
thickness optical
metallography were etched with a solution consisting of
13%HF+7%HNO;+80%H,0.

direction. The specimens for
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Fig. 4 Definition of directions and sections of spun part

2.3 Indices for geometric precision

In this section, the shape and size characteristics for
the geometric precision of the spun cone walls were
described. These indices include the inner diameter
deviation, the wall thickness deviation, the wall thickness
difference, the hemi-cone angle deviation and the relative
inner diameter difference. The first three indices were
used in this work as the indices of size precision, and the
latter two were used as the indices of shape precision.

The definitions of the indices are shown as follows.

1) The inner diameter deviation Jp includes the
maximum inner diameter deviation of ;" = D™ - D,
and the minimum inner diameter deviation of
55’}“ =D™ _D,, where D™ and D™ are the
maximum and minimum values of the actual inner
diameter of a spun part at the cross-section i, respectively,
and D; is the corresponding diameter of the mandrel at
the cross-section i, as shown in Fig. 5. Jp represents the
fittability of the spun part with the mandrel, and a Jp
value near zero indicates a good fittability of the spun
part. Jp also represents the diametrical enlargement or
shrinkage of the spun part. The difference between 33"
and 5&‘?}“ indicates the fittability distribution at the
cross-section i. A small value of this difference indicates
a uniform fittability in a hoop.

Cross-section i \
D N

\ . 1
min
DM NN

INNNEERNNNN

— D;: Diameter of mandrel at cross-section i

—=== D™ Minimum inner diameter of spun part
at cross-section i

—-— DM Maximum inner diameter of spun part
at cross-section i

Fig. 5 Measurement of inner diameter

2) The wall thickness deviation ¢, is defined as
o ~t—t. In this equation, ¢ is the average wall thickness

at the cross-section i of a spun part, and ¢ is the ideal wall
thickness of the part. A small value of J, represents a high
precision of the wall thickness distribution.

3) The wall thickness difference is defined as
At=tpax—tmin. In this equation, £, and f,, are the
maximum and minimum values of the wall thickness in
the wall zone of the spun part, respectively. Af¢ indicates
the uniformity of the wall thickness distribution. A small
value of At indicates an even wall thickness distribution.

4) The hemi-cone angle deviation J, includes the
maximum hemi-cone angle deviation &7 = o™ —a
and the minimum hemi-cone angle deviation

oy =a™ —a. In these equations, o™

mX and oM
are the maximum and minimum values, respectively, of
the actual hemi-cone angle at each tested point on the
cross-section of spun part, and « is the ideal hemi-cone
angle. A near-zero value of J, reflects a satisfactory
shape fixability. The difference between ™ and ™"
indicates the shape fixability distribution in a hoop.

5) The relative inner diameter difference is defined
as AD, = (D™ —D™™)/(D, —d,)x100% . The meaning
of dy is shown in Fig. 3(a). In this study, the value of dj is
180 mm. AD,; represents the roundness of the spun part.
As the value of AD; decreases, the roundness of the spun
cone improves.

A 3D laser scanning system and graphical software
were adopted to assess the dimensional accuracy of the
inner diameter. The detailed steps were conducted as
follows: 1) Scan the inner surface of a spun part with a
VxScan laser scanning system; 2) Import the scanned
results into the UG software; 3) Intercept selected
cross-sections on the spun part using the planes parallel
to the bottom plane with a certain distance d from the
bottom plane of the spun part (Fig. 5); 4) Measure the
diameter of the part at each cross-section. Additionally,
the wall thickness of the spun part was measured four
times for each section using a PX—7 ultrasonic thickness
instrument with a precision of 0.01 mm. In this study, all
data were obtained after the spun parts were removed
from the tools and cooled.

3 Results and discussion

The results of the geometric precision of the size
and shape of TA15 spun-cone parts were first presented
under different deviation ratios and varied temperatures
along with analysis of the variation rules of the
geometric precision indices and the influencing
mechanism of the deformation conditions. Next, the
circumferential and tangential microstructures of spun
parts were presented under different deviation ratios by
an analysis of the observed differences and an
explanation was presented in terms of non-uniform
deformation and temperature difference, etc.
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3.1 Geometric precision

Figure 6 shows the influence of the deviation ratio 4
on the inner diameter deviation Jp. It can be observed
that under the same deviation ratio, 5% and &f}"
vary similarly with the axial distance to the bottom d, but
under different deviation ratios, there is an obvious
difference in the variation of dp with increasing d.

12 oo at A=-29%
0 J{,‘_‘}" at A=0
2 ASTM at A=23.2%
o™ at A=-29%
X o at A=0
e -+ Fag at A=23.2%
o§ oF -
-4
Zone A
-8 [ T T I ] 1
20 30 40 50 60 70 8O 90
d/imm

Fig. 6 Influence of deviation ratio on inner diameter deviation

As shown in Fig. 6, if the deviation ratio is negative,
the values of dp are almost negative. The absolute values
of dp vary somewhat when d is less than 45 mm, then
increase gradually with increasing d and are observed to
fluctuate after d becomes larger than 65 mm. According
to the variation characteristics of dp, the wall zone can be
partitioned into three zones, referred to as zone A (the
zone near the bottom), zone B (the middle of the wall
zone) and zone C (the zone near the open end), as shown
in Fig. 6. The above results indicate that a certain amount
of diametrical shrinkage occurs in the wall zone. The
shrinkage in zone 4 is small, and the shrinkage in zone B
increases sharply, while the shrinkage rate slows when d
extends into zone C.

After spinning under the large negative deviation,
the surface temperature of the deformed region decreases
quickly due to the thin wall, and thus the deformed area
contracts distinctly to grasp the mandrel during the
spinning. In addition, the expansion in diameter resulting
from the springback is small due to a large deformation
under large negative deviation ratios, while the reduction
in diameter resulting from the cooling is large due to the
high spinning temperature of approximately 600 °C. This
combination causes the diameter of the deformed area to
contract further, and thus Jp is negative. The sharp
increase in shrinkage in zone B is mainly due to a sudden
decrease in the heating temperature during the spinning
process at that stage, as shown in Fig. 2. The sudden
decrease in the heating temperature can drive an increase
in the expansion in diameter resulting from the
springback and an increase of the reduction in diameter

resulting from the cooling. Moreover, the sudden
decrease in the heating temperature increases the
temperature difference and creates uneven deformation
along the wall thickness direction in the deformation
zone. Additionally, there is a strong restriction effect
from the flange. The combined effects lead to a sharp
increase of the shrinkage in zone B. The reduction of
shrinkage in zone C is mainly due to the decrease in the
heating temperature at the final stage (Fig. 2) and the
decreasing restriction from the flange.

As shown in Fig. 6, when the deviation ratio is
positive, the values of Jp are positive and increase as d
increases with a maximum Jp of approximately 12 mm.
An increasingly pronounced diametrical enlargement
appears along the axial direction from the bottom
location to the open end, indicating a declining fittability
of the part wall with the mandrel along the axial
direction. The reasons for the poor fittability may be
ascribed as follows: 1) a poor fittability of the deforming
area with the mandrel during the spinning process under
a large positive deviation; 2) the springback resulting
from the increasing elastic deformation with decreasing
heating temperature (Fig. 2); 3) the decreased diametrical
contraction resulting from the cooling with the decrease
in the heating temperature (Fig. 2).

As shown in Fig. 6, when the deviation ratio is zero,
the values of Jp are positive and increase slightly with d
with the variation of Jp in the range of 2.5 mm. The
small fluctuation implies a better fittability of the spun
part under the zero deviation than that produced under
the positive and negative deviations from the Sine law.
This is due to a minor variation in the heating
temperature during the process under the zero deviation,
as shown in Fig. 2.

As shown in Fig. 6, the difference between oy~
and 5&"1}“
obviously larger than that under the positive or zero
deviation ratio, which indicates that the diametrical

under the negative deviation ratio is

enlargement/shrinkage along the hoop direction of the
former is more obvious than that of the latter two. This
may be attributed to the fast thermal diffusion resulting
from the thin workpiece under the negative deviation
ratio.

Figure 7 shows the influence of the deviation ratio 4
on the wall thickness deviation J; and the wall thickness
difference At of the spun parts. From Fig. 7(a), it can be
observed that regardless of the deviation ratio, the values
of o, increase as d increases, the degree of deviation of
the wall thickness from the Sine law under the zero
deviation ratio is the smallest, and the values of J; are
positive under a positive deviation ratio and negative
under the negative deviation ratio. These observations
are connected with the variation of the wall thickness
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Fig. 7 Influence of deviation ratio on wall thickness
distribution: (a) Wall thickness deviation; (b) Wall thickness
difference of wall

under different deviation ratios with increasing d. The
values of the wall thickness of all the workpieces spun
under the different deviation ratios are observed to
increase from the bottom location to the open end, the
wall thickness formed under the positive deviation ratio
is the thickest, and the wall thickness formed under the
negative deviation ratio is the thinnest. At the early stage
of the spinning process, the small effect from the
deformed area and the large restriction from flange cause
the rollers to shear the blank according to the Sine law.
Therefore, it is the deviation ratio that determines the
variation of wall thickness at this stage. As the spinning
process progresses, the flange of the spun part decreases
with the increasing d, and the tensile stress provided for
thinning of the deformed area in the tangential direction
decreases. The springback caused by residual stress and
the shrinkage caused by the decreasing heating
temperature together may lead to the increase of the wall
thickness as d increases.

As shown in Fig. 7(b), the wall thickness difference
At first decreases and subsequently increases as the
deviation ratio increases from negative to positive. The
small value of Afcan be attributed to the reasonable

deviation ratio and the small variation of the heating
temperature during the process.

Figure 8 shows the influence of the deviation ratio 4
on the hemi-cone angle deviation J, and the relative
inner diameter difference AD;. As shown in Fig. 8(a),
under the positive deviation ratio, the values of J, are
positive and larger than those under the zero deviation
ratio (which are also positive), and the values of J, are
negative under the negative deviation ratio, except for
the &, near zone A. The low shape fixability is
caused by the springback and the shrinkage in the
unloading and cooling process. The mechanism of the
effects is similar to the analysis of the influence of the
deviation ratio and temperature on Jp.

4

(a) o4y at A="29%
ogytat A=0
A gmin ap A=232%
g mI at A=-29%
Xagitat A=0
+d T at A=23.2%

(3]
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d/mm

1 1 1 1 l 1 1

1
20 30 40 50 60 70 &0 90
dimm

Fig. 8 Influence of deviation ratio on shape precision: (a)
Hemi-cone angle deviation; (b) Relative inner diameter
difference

From Fig. 8(b), it can be observed that along the
axial direction of the workpiece, the relative inner
diameter difference AD; decreases gradually and
subsequently fluctuates in a small range. With a small
variation of the value of dp (53" — ér"l-i“) (see Fig. 6)
and the increase of D,, AD; decreases. The detailed
variation of AD; is closely related to the variation of the
difference between Jy; and é‘éf‘;“ shown in Fig. 6.
The combined effects are similar to the analysis of the
influence of the deviation ratio and temperature on the
difference between &y and 55“;“.
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3.2 Microstructure

Figures 9 and 10 present images of the
circumferential and  tangential = microstructures,
respectively, under —29% of deviation ratio along the
thickness direction. As shown in Figs. 9 and 10, a fiber
microstructure forms near the outer surface along the
circumferential direction and the tangential direction
with refined grains smaller than those in the initial state.
From the near inner surface to the near outer surface, the
microstructure change from coarse to fine and the
process of fiber microstructure changes from flat to
distorted can be observed.
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Fig. 9 Circumferential microstructure under —29% of deviation
ratio along thickness direction: (a) Near outer surface;
(b) Middle; (c) Near inner surface

Fig. 10 Tangential microstructure under —29% of deviation
ratio along thickness direction: (a) Near outer surface; (b)

Middle; (c) Near inner surface

The non-uniform deformation along the thickness
direction causes the difference in the microstructure on
the near outer and inner surfaces. The reasons for this
non-uniform deformation may relate to three aspects.

The first is the difference in friction among the
workpiece, the mandrel and the rollers. The material is
subjected to a large force moment produced by the
shearing force, which produces the shear deformation in
both the tangential and circumferential directions. The
direction of the friction between the rollers and outer
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surface of the blank is the same as that of the metal flow,
thus causing the material to flow forward. Meanwhile,
the friction between the mandrel and the inner surface of
the blank hinders the material from flowing, thus
preventing the expansion of the deformation. All of these
factors lead to the formation of a velocity gradient and a
non-uniform deformation in the wall thickness direction.
When the velocity gradient between the outer surface
and the inner surface becomes sufficiently large, the
distortion of the fiber microstructure forms near the outer
surface.

The second reason for the non-uniform deformation
lies in the difference in the deformation along the
thickness direction. As the blank deforms under the
action of the rollers from the outer surface and expands
along the thickness direction during the process, the
deforming area under the action of the rollers gradually
increases from the outside to the inside along the
thickness direction. This means that the absolute values
of stress and strain will decrease gradually from the outer
surface to the inner surface along the thickness direction.

The third reason is the temperature difference along
the thickness direction. In the hot spinning process, the
outer surface of the blank loses heat through radiation,
air convection, and heat conduction and receives heat
through the flame at the same time. However, the inner
surface transfers heat to the dies mainly via conduction.
As a result, the temperature of the outer surface may be
much higher than that of the inner surface. Additionally,
the low thermal conductivity of the TA15 alloy means
that it is difficult for heat to spread, and thus, the heat
may concentrate in the region under the action of the
rollers. All of these factors lead to an uneven temperature
distribution along the thickness direction of the
workpiece and varying levels of plasticity of the inner
and outer surfaces of the conical workpiece. Therefore,
the material on the outer surface at a high temperature
flows easily, and the deformation is large, while the
material near the inner surface at a low temperature is
less deformed and the grain size is larger.

Figures 11 and 12 show the circumferential and
tangential microstructures, respectively, along the
thickness direction under 23.2% of deviation ratio. It can
be observed that the grain size is also smaller than the
initial grain size, indicating that the hot spinning process
can refine the grains of the conical workpiece in the both
tangential and circumferential directions. However, the
distortion of the fiber microstructure is not as obvious as
that produced under the negative deviation ratio. This
implies that the degree of fiber microstructure closely

correlates with the deviation ratio. A smaller thickness
reduction and smaller tensile force will exist in the
tangential direction, resulting from the more serious
accumulation of material around the rollers under the
positive deviation ratio compared with that under the
negative deviation ratio.

Fig. 11 Circumferential microstructures under 23.2% of
deviation ratio along thickness direction: (a) Near outer surface;
(b) Middle; (c) Near inner surface

Figures 13 and 14 show the circumferential and
tangential microstructures, respectively, under a
zero deviation ratio along the thickness direction. These
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Fig. 12 Tangential microstructures under 23.2% of deviation
ratio along thickness direction: (a) Near outer surface; (b)
Middle; (c) Near inner surface

figures show that certain differences remain in the
microstructure near the outer surface and inner surface,
but the grain size is smaller than that observed under the
positive deviation ratio and displays a more uniform
fiber microstructure than that produced under the
negative deviation ratio. This means that a uniform
deformation in the wall thickness direction occurs
because of the small temperature difference along
the wall thickness direction resulting from a small

Fig. 13 Circumferential microstructures under zero deviation
ratio along thickness direction: (a) Near outer surface; (b)
Middle; (c) Near inner surface

fluctuation of the heating temperature when the deviation
ratio is zero (Fig. 2).

Taking into consideration of the influence of the
deviation ratio and the temperature on the geometric
precision, it is clear that a near-zero deviation ratio and
a steady temperature in the desired range are
beneficial conditions for obtaining spun parts with good
geometric precision and a uniform grain-sized
microstructure.
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Fig. 14 Tangential microstructures under zero deviation ratio
along thickness direction: (a) Near outer surface, (b) Middle; (c)
Near inner surface

4 Conclusions

1) Diametrical shrinkage occurs under a negative
deviation ratio, and a sudden decrease in the heating
temperature will bring about a sharp increase in the
shrinkage. An increasingly pronounced diametrical
enlargement exists from the bottom location to the open
end of the workpiece under a positive deviation ratio and
a gradual decrease of the heating temperature.

2) The size precision represented by the wall

thickness deviation and the wall thickness difference, and
the shape precision represented by the hemi-cone angle
deviation and the relative inner diameter difference, are
both high in the case of zero deviation ratio, resulting
from the reasonable deviation ratio and the small
variation of the heating temperature during the process.

3) The hot shear spinning of TA15 alloy can lead to
a non-uniform microstructure with decreasing grain size
from the inner to the outer surface, which results from
the non-uniform deformation along the thickness
direction due to the difference in the friction,
thickness
direction. The fiber microstructure forms near the outer
surface, the smaller the deviation ratio, the larger the
distortion degree of the fiber microstructure.

4) The grain size under a zero deviation ratio is

deformation and temperature along the

smaller than that produced under a positive deviation
ratio, and a more uniform fiber microstructure exists
compared with that produced under a negative deviation
ratio. A deviation ratio near zero and heating to a
temperature within the desired range are beneficial
conditions for obtaining spun parts with satisfactory
geometric  precision and  uniform  grain-sized
microstructure.

References

[11  YANG He, FAN Xiao-guang, SUN Zhi-chao, GUO Liang-gang,
ZHAN Mei. Recent developments in plastic forming technology of
titanium alloys [J]. Science China: Technological Sciences, 2011,
54(2): 490-501.

[2] CUI Chun-xiang, HU Bao-min, ZHAO Li-chen, LIU Shuang-jin.
Titanium alloy production technology, market prospects and industry
development [J]. Materials and Design, 2011, 32: 1684—1691.

[3]  JESWIET J, GEIGER M, ENGEL U, KIEINER M, SCHIKORRA M,
DUFLOU J, NEUGEBAUER R, BARIANI P, BRUSCHI S. Metal
forming progress since 2000 [J]. CIRP Journal of Manufacturing
Science and Technology, 2008, 1: 2—17.

[4] NEUGEBAUER R, ALTAN T, GEIGER M, KLEINER M,
STERZING A. Sheet metal forming at elevated temperatures [J].
Annals of the CIRP, 2006, 55(2): 793—-816.

[S] XU Wen-chen, SHAN De-bin, CHEN Yu, KANG Da-chang, LU Yan.
Study on hot spinning technology of tubular workpiece for TA15
titanium alloy [J]. Forging & Stamping Technology, 2008, 33(3):
56—59. (in Chinese)

[6]  YANG Ying-li, GUO Di-zi, ZHAO Yong-qing, ZHAO Heng-zhang,
SU Hang-biao. Progress on the spin-forming technology of titanium
in china [J]. Rare Metal Materials and Engineering, 2008, 37(s4):
625—-628. (in Chinese)

[77 SHAN De-bin, YANG Guo-ping, XU Wen-chen. Deformation
history and the resultant microstructure and texture in backward tube
spinning of Ti—6Al-2Zr—1Mo—1V[J]. Journal of Materials Processing
Technology, 2009, 209: 5713—-5719.

[8] XU Wen-chen, SHAN De-bin, WANG Zhen-long, YANG Guo-ping,
LU Yan, KANG Da-chang. Effect of spinning deformation on
microstructure evolution and mechanical property of TA15 titanium
alloy [J]. Transactions of Nonferrous Metals Society of China, 2007,
17(6): 1205—1211.



(9]

(10]

(1]

[12]

[13]

Mei ZHAN, et al/Trans. Nonferrous Met. Soc. China 23(2013) 1617-1627

YANG Guo-ping, XU Wen-chen, CHEN Yu, SHAN De-bin, KANG
Da-chang, LU Yan. Tube-spinning microstructure and preferential
orientation of BT20 alloy [J]. Materials Science and Technology,
2009, 17(4): 467—473. (in Chinese)

HUANG Chi-chen, HUNG Jung-chung, HUNG Ching-hua, LIN
Chia-rung. Finite element analysis on neck-spinning process of tube
at elevated temperature [J]. The International Journal of Advanced
Manufacturing Technology, 2011, 56: 1039—1048.

MORI K I, ISHIGURO M, ISOMURA Y. Hot shear spinning of cast
aluminium alloy parts [J]. Journal
Technology, 2009, 209: 3261-3627.

LI Hu, ZHAN Mei, YANG He, CHEN Gang, HUANG Liang.

Coupled thermal-mechanical FEM analysis of power spinning of

of Materials Processing

titanium alloy thin-walled shell [J]. Chinese Journal of Mechanical
Engineering, 2008, 44(6): 187—193. (in Chinese)
ZHAN Mei, WU Tong-chao, JIANG Zhi-qiang, LI Hu, YANG He.

-

[14]

[15]

[16]

1627

Influence of process parameters on hot power spinning of titanium
alloy thin-walled shell [C]// YILBAS B S, ZAHARNAH I A. Book
of Abstracts of the International Conference on Advances in
Materials &Processing Technologies Manama. 2008: 155.

MUSIC O, ALLWOOD J M, KAWAI K. A review of the mechanics
of metal spinning [J]. Journal of Materials Processing Technology,
2010, 210: 3-23.

ZHAN Mei, YANG He, JIANG Zhi-qiang. 3D FEM analysis of
forming parameters spinning based on orthogonal
experimental design method [C]/YANG D Y, KIM Y H, PARK C H.
Proceedings of the 9th International Conference on Technology of

on cone

Plasticity. Gyeongju: Korean Society for Technology of Plasticity.
2008: 374-88.

CHEN Ming-der, HSU Ray-quan, FUH Kuang-hua. Effects of
over-roll thickness on cone surface roughness in shear spinning [J].
Journal of Materials Processing Technology, 2005, 159(1): 1-8.

TALS SKE E AT EERLAEE S R REL ST

B oM, 2%, %A B b

PUAL Tk K2 St R B KT IR %, 5% 710072

B F: 7R RGO TALS AR GBI UIRE AT I ML, 9T 1 AN [ i 25 2 3T e i
(LIRS EEANOR AL ZA o SRR W] AES U B b AR A b2, HARBE M SR PR AR 4 5™ . AR 1R i 2
ZAF T HNFG FE AR BRI, W DA A W Ry 40, UE ST BE AT 5 1 B AN S0 3 T A A F Sl kL4 1k
HATANZ s I A 2 SRLAR /N o AR ANE AT BETE AT R AL ER, A% 2T AL S 10 HL A RE S8 LA i 25 236 (D 9/~ T 8 o
i 1 RN R N Al B A B L I R 1 R A T LD R v MO AL 238 29 B A

REER: RGEs ASTUNEE; LR, B4

(Edited by Xiang-qun LI)



