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Abstract

To explore the feasibility of directly spinning thin-walled components from aged aluminum alloy sheets under
rapid laser heating, the laser-assisted spinning process of aged 7075-T6 aluminum alloy was carried out by
means of an ellipsoid component shear spinning test. Compared with cold spinning, the critical thinning of the
laser-assisted spun component was more than 30 % higher than that of the cold spun component, and the
laser-assisted spun component has good geometric accuracy, which indicates that the formability of the 7075-
T6 aluminum alloy can significantly be improved with the laser-assisted spinning process. Moreover, the
Vickers hardness tests for the spun components were arranged to evaluate its mechanical properties. The
measurement results show that the micro hardness of the laser-assisted spun component is significantly
decreased. The reason for the decrease phenomenon is that the GP zone of the 7075-T6 re-dissolves and the
fine precipitates grow up to coarse precipitates.
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1. INTRODUCTION

High strength aluminum alloy, Al-Cu-Mg and Al-Zn-Mg-Cu series aluminum alloy, is widely used in aerospace
and national defense fields due to its high specific strength and toughness [1,2]. Generally, the stiffness of
large thin-walled components is very weak, and the quenching process brings significant thermal deformation,
which makes it difficult to ensure the geometric accuracy of the components. Therefore, a rapid heating
stamping technology with the natural aged aluminum blank is developed in recent years, in which the pressed
components with high geometric accuracy and mechanical property are obtained due to the omitted quenching
procedure, meanwhile, the technological process is shorten [3].

At present, metal spinning is widely developed in aerospace aluminum alloy components. For hot spinning of
metal with poor plasticity, a heating source with high efficiency and good controllability is a key precondition.
Contrasted with induction heating and resistance heating, laser-assisted heating is an advanced technology
due to its rapid and local heating. The heating area and temperature can be adjusted by the laser parameters
and position during forming. In recent years, laser-assisted spinning technology has attracted the attention of
numerous researchers. Klock [4] developed laser-assisted spinning technology for stainless steel and titanium
alloy forming and found that the spinning ability of these materials was significantly improved and the
intermediate annealing procedures were omitted. Romero [5] improved the poor formability of DP800 steel
with laser-assisted spinning. Hino [6] revealed that the forming limit of AZ31 magnesium alloy increases with
the laser power increases in laser-assisted incremental forming. Brummer [7] carried out the laser-assisted
spinning of titanium alloy, and results show that the laser-assisted spinning could avoid cracking, improve
geometric accuracy. Up to now, most of the researches focus on the improvement of forming limit of annealed
material and geometric accuracy of thin-walled components by laser-assisted spinning. However, the research
on the aged aluminum alloy of laser-assisted spinning and the micro mechanism are rarely published.
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In this paper, the laser-assisted shear spinning is used to study the formability, the geometric accuracy and
mechanical property (micro hardness) of the AA7075-T6 thin-walled spun component, and the evolution of
precipitates of the aged aluminum alloy introduced with the laser temperature field is investigated.

2. EXPERIMENTAL

In this study, the machine ZENN-100 CNC and YLR-1500 single-mode resonant laser transmitters were used
for the laser-assisted spinning experiment. The laser incidence angle and irradiation distance were adjusted
before spinning to ensure that the laser irradiation point is always concentrated on the blank zone in front of
the roller. The blank can be heating rapidly and locally before forming. The laser-assisted spinning test setup
is shown as Figure 1, which is composed of the mandrel 1, roller 2, tailstock 3, and laser maser 4.

A single-pass shear spinning test was carried out on an ellipsoidal mandrel. The dimension of the mandrel is
shown in Figure 2, and the red line represents the trajectory of the roller. The initial blank is the 7075-T6
aluminum alloy sheet with 1.85 mm thickness. the cold spinning and laser-assisted spinning tests were
arranged in this study. The parameters for the above tests are: the laser power 1200W, the irradiation distance
200 mm, constant linear velocity 100mm/s. Graphite powder was coated on the surface of the initial sheet
before spinning to increase the laser absorptivity and decrease the friction.

1-Mandrel(left: ellipsoid, right: cone), 2-Roller, 3-Tailstock, 4-Laser maser

Figure 1 Laser-assisted spinning test setup
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Figure 2 Dimension of the mandrel and trajectory of the roller
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3. RESULTS AND DISCUSSIONS

3.1. Spinning ability

The AA7075-T6 cold spun (CS) and laser-assisted spun (LAS) components are shown in Figure 3,
respectively. It is obvious that the shear spinning ability of AA7075-T6 is very poor at room temperature,
and a crack appears early on the CS component, as shown in Figure 3(a). However, the shear spinning ability
of AA7075-T6 is improved significantly under the LAS, a deeper spun component was obtained, as shown in
Figure 3(b). Figure 4 shows the gap of the part-mould of the spun components at the final moment. The part-
mould gap of CS component is larger because of the higher yield stress of AA7075-T6 at room temperature,
as shown in Figure 4(a). For the LAS, the part-mould gap is very small, as shown in Figure 4(b).

Figure 4 Contour of 7075-T6 spun componets in the mandrel: (a) CS, (b) CS

FARO measurement arm was used to scan the spun components and then the geometries were reconstructed.
The thickness of CS componet near the crack is 1.19 mm, and the minimum thickness of LAS componet is
0.62mm. That is, the thinning of CS and LAS componets are 35.8% and 66.7%, respectively. In addition, there
is no crack on LAS component, which indicates that the thinning can reach a higher value further. Therefore,
it is obvious that the spinning ability of AA7075-T6 is increased significantly, at least 30.9%, under the laser-
assisted forming conditions in this study.

3.2. Micro hardness

The square samples with the size of 1 mm x 1 mm were cut from the CS and LAS components along the
generatrix direction, all of the intervals between the samples maintain 1 mm. Therefore, five samples were
taken from the CS component mark as Sample 1 to 5, and eight samples were taken from the LAS component
mark as Sample 1 to 8, as shown in Figure 5.
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Figure 5 Positions of micro hardness measurement and microstructure observation

The Vickers hardness tests were carried out to evaluate the mechanical property of the inner surface (IS) and
outer surface (OS) of the samples at a load of 200g in a HXD-1000TMJC/LCD, and the average value is
calculated after measuring three times each sample. Micro hardness of spun components from the forming
beginning to the ending is shown in Figure 6. For the CS component, the micro hardness of the OS is slightly
higher than that of the IS. The reason is that the roller contacts on the OS of the sheet directly, the strain
gradient exists along the thickness direction in the deformed material, which leads to a higher hardening effect
for the OS. It should be noted that the hardness values for the IS and OS are approximate. For the LAS
component, the hardness magnitudes show a decreasing tendency both of the OS and IS, and it is lower than
the hardness of the initial sheet, HV186.2. The minimum hardness of LAS is HV99.7, which is 53.5% of the
initial sheet approximately. In general, annealed 7075 aluminum alloy is about HV60. To a certain extent, the
strength index of 7075-T6 aluminum alloy can be retained after LAS. Obviously, the micro hardness on the
LAS component is quite different from that of the CS component. The effect of the laser temperature field
during spinning on the microstructure evolution of the material is further explored by means of microstructure
observation in the next section.
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Figure 6 Micro hardness of AA7075-T6 components: (a) CS, (b) LAS
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3.3. Microstructure observation

The positions of samples for microstructure observation are shown in Figure 5. A sample was cut at the ending
point of the CS component, where the deformation is most severe. In order to ensure the microstructure
observations possessed comparability, another sample, which has the same thinning as the sample in the CS
component, was cut at the middle position on the LAS component. It is worth noticing that the sample position
for the LAS component shows a significant hardness difference between the IS and OS. The TEM samples
were punched, ground and twin jet electropolished in a mixed solution of HNOz and methanol (1:4 in volume)
at -30°C. The morphologies and distributions of the second phases are analyzed by the TALOS F200X G2
transmission electron microscope.

AA7075 is an Al-Zn-Mg-Cu series alloy. The main strengthening alloy elements are Zn and Mg. The
precipitation sequence of the alloy during aging treatment is: supersaturated solid solution (SSS) — solute-
vacancy — GP zone— intermediate phase n' or T' — equilibrium phase n(Mgznz) or T(Mgs2(Al, Zn)49)[8, 9]. N’
is semi-coherent with the Al matrix, which is the main strengthening phase, and n is non-coherent with the Al
matrix, which results in a significant reduction in its strengthening effect[10]. Besides of the precipitate phases,
the precipitation free zones (PFZs) by interacting with vacancies in the Al matrix grain boundary is an important
factor affecting the mechanical properties. The material strength and ductility are decreased with the width of
PFZs increase [11,12].

The TEM micrographs of the IS and OS for the CS component are exhibited in Figure 7(a) and 7(b),
respectively. It can be observed that fine phases with different morphologies are evenly distributed within the
grains. The fine plate-like and polyhedral precipitates are GP zone, spherical precipitates are T', whereas short
rod-like precipitates are n'. Meanwhile, PFZs can be observed distinctly in the grain boundary. The width of
the PFZs of the IS is 42.3 nm, which is a little wider than 36.9 nm at the OS. The observation explains that the
micro hardness of IS is slightly lower than the OS of the CS component. Figure 7(c) and 7(d) show the TEM
micrographs of the IS and OS for the LAS component, respectively. Apparently, the sizes of the precipitated
phases are significantly larger than that of the CS component. The grown granular T and the short rod-shaped
n can clearly be observed, and the small GP zone re-dissolved. The sizes of the dispersed precipitates of the
OS are slightly smaller than that of the IS. The width of the PFZs at the OS is 111.3 nm, but the width of the
PFZs of the IS is about 160.7 nm. It means that the strength of grain boundaries of the IS is weaker than the
OS, which is the reason of the micro hardness of the IS is much smaller.

Figure 7 TEM micrographs of AA7075 parts: (a) IS of CS, (b) OS of CS, (c) IS of LAS, (d) OS of LAS

4, CONCLUSIONS

In this paper, the laser-assisted spinning process of 7075-T6 aluminum alloy was investigated. The
conclusions are summarized as follows:
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The spinning ability of the 7075-T6 aluminum alloy can significantly be improved under laser-assisted spinning
process. Compared with cold spinning, the laser-assisted spinning can achieve higher thinning, and also
acquire better geometric accuracy.

The micro hardness of the spun component showed a decreasing tendency in the laser-assisted forming.
Under the forming conditions in this study, the minimum hardness is 53.5% of the initial sheet 7075-T6
approximately.

For the LAS component, the GP zone re-dissolved, fine precipitates (T', n') grew up and the PFZs widen were
the reason for the decrease of micro hardnesses compared with the initial 7075-T6 sheet.
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