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AW-7xxx alloys have been nowadays considered for greater light weighting potential in automotive industry due to its higher
strength compared to AW-5xxx and AW-6xxx alloys. However, due to their lower formability the forming processes are still in
development. This paper investigates one such forming process called hot stamping. The investigation started by carrying out
hot tensile testing of an AW-7xxx alloy, that is, AW-7921 at temperatures between 350∘C and 475∘C, to measure the strength and
formability. Formability was found to improve with increasing temperature and was sensitive to the strain rate. Dynamic recovery
is considered as usual reason for the formability improvement. However, examining the precipitation states of the as-received
condition and after hot stamping using differential scanning calorimetry (DSC), the dissolution of precipitates was also believed
to contribute to this increase in formability. Following solution heat treatment there was no precipitation during cooling across
the cooling rates investigated (5–10∘C/s). Samples taken from parts hot stamped at 10 and 20mm s−1 had similar yield strengths. A
3-step paint baking heat treatment yielded a higher postpaint baking strength than a single step treatment.

1. Introduction

B-pillars and other key automotive parts demand a high
strength-to-weight ratio to satisfy the roof crush and side
impact standards while keeping the weight down. High
strength AW-7xxx alloys are ideal for satisfying this criterion
and consequently are the focus of many investigations [1–3].
Due to poor formability at room temperatureAW-7xxx alloys
are mostly used in the aircraft industry/production and up to
this time have only found limited use for automotive parts.

The limited cold formability of AW-7xxx sheet can be
enhanced by either forming the material in the W- and O-
tempers or forming at warm temperatures [4–8]. Forming
with W- and O-temper requires costly heat treatment steps
to produce distortion-free parts. Additionally, the gain in
formability from warm forming is modest compared to the
substantial additional complexity of heating the tooling and
blank. In contrast, a hot stamping process does not require
alloys with particular tempers and can form parts at least as
fast as cold forming. In this forming process, the aluminium

achieves significantly higher ductility than in the warm
forming process.This extends the application of hot stamping
to the forming of parts with complex geometries.

Investigation into the hot stamping technology for form-
ing aluminium sheet has only been carried out by a few
researchers [9–11]. In a series of tensile tests between 350∘C
and 493∘C the ductility of AA2024 sheet was shown byWang
et al. [9] to increase with temperature up to 450∘C, with
further increase in temperature causing a sharp decrease in
ductility. For the AA6082 alloyMohamed et al. [10] found the
largest drawing depth andmost uniform part thickness when
hot stamping the alloy would be achieved with a forming
rate of approximately 0.21m s−1. Using tensile and Nakazima
tests at elevated temperatures Bariani et al. [11] found the
optimum hot stamping formability of AA5083 sheet is at
450∘C and successfully produced an underengine cover part
in an industrial hot stamping plant.

In the hot stamping process of aluminium alloys the sheet
is heated up to near the solution heat treatment temperature
in the furnace. To reduce heat loss once heated it is transferred
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Figure 1: A simple schematic presentation of process steps in the hot stamping process chain.

Table 1: Chemical composition (in wt.%).

Al Si Fe Cu Mn Mg Zn Ni Cr Ti Zr
Rest 0.11 0.24 0.13 0.06 2.63 7.28 0.01 0.02 0.05 0.11

as quickly as possible to the water cooled forming-dies. Quick
forming of the sheet between the dies minimizes the heat
loss and ensures a better quenching rate of the heated sheet
between the forming-dies. For age-hardenable aluminium
alloys the quenching rate should be fast enough to suppress
any precipitation reactions. These conditions are essential to
form good quality parts.

The hot stamping process chain consists of the following
major steps: solution heat treatment of the sheet and quick
transfer into the press, forming and die quenching, storage,
and finally paint baking as shown in Figure 1. Considering
this process chain, the usage of new AW-7xxx sheet as a
structural material depends (in addition to the formability)
on the age hardening response of the alloy during the
forming process chain. In particular, it is important to achieve
adequate strength during the paint baking step in order to
produce a good quality product.

The main objective of the current work is to investigate
the hot stamping of AW-7921-T4 sheet. Consideration is
made of the processing parameters related to the transfer and
quenching of the sheet, and how these influence the evolution
of the microstructure and the mechanical properties in the
stamped part.This is done by studying the quench sensitivity,
forming, precipitation, and age hardening behaviour of the
AW-7921-T4 sheet with the help of dilatometry (DIL), deep
drawing, differential scanning calorimetry (DSC), and ten-
sion and hardness tests.

2. Experimental

2.1. Materials. An AW-7921 sheet in T4 condition with a
thickness of 2mm has been used in this work (Table 1).

2.2. Tension Test. Tensile samples were machined from the
2mm thick AW-7921-T4 sheet in the direction of rolling.The
tests were performed using an 805 A/D Bähr deformation
dilatometer. Details of the tensile sample geometry and
deformation dilatometer were given in [6]. Each tensile
sample was heated to the test temperature in 6 s and soaked
for 4 s before each tensile test as shown in Figure 2(a).

Tension tests were performed at temperatures ranging
from 350∘C to 475∘C and at strain rates between 0.01 and 1 s−1.
Additional tests were also performed at RT, 170, and 230∘C
at 1 s−1. Tests were repeated at least three times to ensure
reproducibility. Important parameters from the flow curve

measured during the tension test were determined and are
defined as follows:

Yield stress: stress at 0.2% offset true strain.
Peak stress: true stress at maximum load.
Elongation at fracture: engineering fracture strain,
read from the engineering stress-strain flow curve.
Strain rate sensitivity, 𝑚: [𝜕 ln𝜎/𝜕 ln ̇𝜀]

𝜀
, where 𝜎 is

the peak stress.

2.3. Dilatometry (DIL). DIL samples (2mm × 4mm ×
10mm) were solution-treated in the dilatometer at 480∘C for
30min and then continuously cooled to room temperature
at various cooling rates between 1 and 3000Kmin−1 using
He gas. During continuous cooling the change in length of
the samples was recorded by the dilatometer. Finally, the
dilatometry (DIL) curves were numerically differentiated and
plotted as 𝑑Δ𝐿/𝑑𝑇 versus T.

2.4. Deep Drawing a “Smiley” Shaped Part. Thedeep drawing
of a “smiley” shape part is a simulative test used to evaluate
hot stamping characteristics. In the current work deep draw-
ing tests were carried out on rectangular 300mm × 400mm
AW-7921-T4 blanks in a 1.6MNhydraulic press (Figure 2(b)).
MultidrawDrylube C1 lubricant was applied to the tool. Each
blank was heated in a furnace to a temperature near the
solution heat treatment temperature (470∘C) before being
transferred to the tool. During transfer, the blank lost some
heat (∼20∘C), as measured by the thermocouple during the
trials. After inserting the blank into the tool the die was
closed, the blank holding pressure is applied, and the punch
rose up to a height of 50mm into the die. The total time for
the deep drawing process took approximately 35 s as shown
in Figure 2(c). Test parameters for deep drawing are listed in
Table 2.

2.5. Tension Test of Sample from the Side-Wall Section of Deep-
Drawn “Smiley” Prototypes. Tensile samples of gauge length
25mm and width 8mm were machined according to the
European Standard EN ISO 6892-1Bn from the wall-section
of the deep-drawn smiley form, as shown in Figure 2(d),
to evaluate the postforming strength. Some tensile samples
were also further heat treated to simulate the conventional
automotive paint baking heat treatments. One-step paint
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Figure 2: (a) Schematic of the tension tests procedure. (b) Hydraulic press with smiley form die, (c) schematic diagram showing a typical
thermomechanical history for the deep drawing process, and (d) the smiley form prototype after deep drawing. The location from where
samples were taken is also shown in (d).

Table 2: Test parameters for smiley shape deep drawing.

Parameter Value
Sheet thickness 2mm
Lubricant Multidraw Drylube C1
Deep drawing depth 50mm
Blank holding force 75 kN
Punch speed 10 and 20mm s−1

baking (PB) was simulated by 185∘C for 25min and three-
step paint baking (3-SPB) was simulated with successive
20min heat treatments at 180∘C, 160∘C, and 140∘C. The
mechanical properties for these samples were measured at
room temperature (RT) in a ZWICK/Z100 at an initial strain
rate of 2 × 10−3 s−1. In industrial practice, hot stamped

parts are stored before assembling into the space-frame.
Therefore, to simulate this, hardness measurements were
made at various storage times from 1 to 14 days on the hot
stamped “smiley” prototype part using theHB1/10-10method
on a Brinell hardness tester.

2.6. Differential Scanning Calorimetry (DSC). DSC samples
were prepared from AW-7921-T4 sheet in the following con-
ditions: as-received T4-condition, W-temper, hot stamped
and stored, T6-temper and simulated 1- and 3-step paint
baked (SPB). These samples were heated up to 480∘C in a
Netzsch-DSC 204 F1 with a heating rate of 10 Kmin−1. The
endothermic and exothermic peaks in the resulting temper-
ature versus heat flow plots correspond to the dissolution
and formation of precipitate, respectively. Differences in the
precipitation state of the sheet during the hot stamping
processing chain were then concluded from these results.



4 Advances in Materials Science and Engineering

0

100

200

300

400

500

600

0

20

40

60

80

Tr
ue

 st
re

ss
 (M

Pa
)

True strain

Strain rate = 0.01 s−1

0.0 0.2 0.4 0.6

0.0 0.2 0.4 0.6

350∘C
375∘C
400∘C

425∘C
450∘C
475∘C

(a)

0

100

200

300

400

500

600

Tr
ue

 st
re

ss
 (M

Pa
)

True strain
0.0 0.2 0.4 0.6

Strain rate = 1 s−1

170∘C
200∘C
230∘C

RT 350∘C
375∘C
400∘C

425∘C
450∘C
475∘C

(b)

Figure 3: Hot flow curves of the as-received AW-7921-T4 sheet at strain rates of (a) 0.01 and (b) 1 s−1.

3. Results

3.1. Flow Curves at Elevated Temperature. Figure 3 shows
the flow curves from the dilatometer measurements of the
as-received AW-7921-T4 sheet. The measured flow curves at
temperatures between 350 and 475∘Care found to be sensitive
to the strain rate, as can be seen by comparing Figures 4(a)
and 4(b). At any given test temperature strain rate of 0.01 s−1,
the strain-hardening and true stress are considerably lower at
the strain rate of 0.01 s−1 than 1 s−1. Additionally, at the 1 s−1
strain rate the true stress and strain-hardening at a strain rate
of 1 s−1 decrease faster with increasing test temperature from
RT to 350∘C than from 350 to 475∘C. At temperatures≥ 350∘C
for this strain rate the true stress after initial yielding reached
a steady state. While at 0.01 s−1, the true stress after the peak
stress decreases rapidly as indicated by the shape of the flow
curves at 350 and 400∘C. This generally occurs due to faster
growth and coalescence of voids with decreasing strain rates
[12, 13].

Yield stress, peak stress, yield stress/peak stress ratio,
elongation at fracture, and the strain rate sensitivity (𝑚) were
extracted from the flow curves and are plotted in Figure 4.
Maximum errors in the measured values were between 1
and 2%. As can be seen in Figure 4(a) the yield stress and
peak stress both decrease with increasing temperature and
decreasing strain rate.

Formability in sheet materials is determined by mea-
suring the strain-hardening (yield stress/peak stress ratio)
and strain rate sensitivity (𝑚) from the flow curves. Only
minor changes were observed in the yield/peak stress ratio
at the strain rate of 0.01 s−1 with increasing temperature
from 350∘C to 475∘C and it approaches ∼1 (Figure 4(b)).

A continuous increase in yield stress/peak stress ratio with
increasing temperature occurs for the case of 0.1 s−1. At 1 s−1,
the yield stress/peak stress ratio first decreases from 350∘C to
400∘C, but from 400∘C this value increases.

The effect of strain rate on elongation at fracture is
shown in Figure 4(c). Elongation at fracture increases with
decreasing strain rates. It was found to be more than 0.82
(the maximum strain measurement limit of the deformation
dilatometer) from 400∘C onwards at both 0.01 and 0.1 s−1.
Strain rate sensitivity, m, is an important material property
in evaluating the formability of a sheet metal. As shown in
Figure 4(d), 𝑚 has a positive value and is increasing with
increasing temperature.

3.2. Precipitation during Cooling of Solution Heat-Treated
AA7921-T4 Sheet. Figure 5(a) shows the differential dilatom-
etry (DIL) curves (𝑑Δ𝐿/𝑑𝑇 versus T) for the AA7921 along
with a baseline from 99.5% pure aluminium samples (broken
green line AC). Pure aluminium is used for the baseline
because there is no precipitation during cooling and therefore
yields a straight line. From this line the starting and finishing
temperatures for the precipitation reactions in AA7921 may
be determined.

The comparison of the DIL curves in Figure 5(a) obtained
at different cooling rates clearly shows a deviation in AA7921
compared to the baseline. Similar to the baseline 𝑑Δ𝐿/𝑑𝑇
value of theAA7921 alloy decreases on cooling down to 423∘C
(point D) with a cooling rate of 1 Kmin−1. A deviation with
respect to the baseline then occurs in the form of faster
contraction (increase in 𝑑Δ𝐿/𝑑𝑇) with a peak (B) at 370∘C.
On further cooling below 370∘C, the 𝑑Δ𝐿/𝑑𝑇 value starts to
decrease and amount of decrement slows down.The start and
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Figure 4: (a) Peak and yield stress, (b) yield stress/peak stress ratio, (c) elongation at fracture, and (d) strain rate sensitivity of AW-7921-T4
at temperatures between 350 and 475∘C and at strain rates between 0.01 and 1 s−1. The dashed line in (c) indicates the measurement limit for
the deformation dilatometer.

finish temperatures for this peak are 423∘C and 200∘C. As
indicated by arrows the temperature and height of the peak
B decrease with increasing cooling rate.

Precipitation during cooling is generally described by
continuous cooling transformation (CCT) diagram. A sim-
ulated CCT diagram for 0.5% transformation fraction using
JMATPRO software is shown in Figure 5(b). In this CCT
diagram it is shown that the precipitation of stable 𝜂-
phase (MGZN2) and T-phase (T-ALCUMGZN) has finished
around 200∘C.Therefore, at cooling rates ≥5K s−1 the precip-
itation of these two phases will be suppressed.

3.3. Hardness. Figure 6(a) shows the hardness of the speci-
mens taken from the AA7921 sheet in different heat-treated
or hot stamped conditions. A solution heat treatment (SHT)
at 480∘C for 30min was applied to the as-received AA7921
sheet, followed by water quenching (WQ) to room temper-
ature. Thereafter, the hardness was measured with respect to
storage (natural ageing) time.The hardness of the SHT +WQ
sample increased from 80 to 150HB due to storage for 336 h
(two weeks).

In the “smiley” prototype part hot stamped at two
different speeds (10 and 20mm s−1), stamping speed produces
only a minor difference in the hardness measured – between
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1–3HB– following the 336 h (2weeks) storage. It is interesting
to note that after two weeks of storage the hardness of the
hot stamped samples is significantly lower—by 19HB—than
the SHT + WQ sample. The speed of hot stamping has no
significant influence on hardness of the samples after hot
stamping and two weeks storage, as well as after subsequent
one-step paint baking. However, when a three-SPB is applied
the three-SPB instead of one-SPB, the hardness of the sample
hot stamped at 20mms−1 increases to 165 which is 7HB
higher than the sample hot stamped at 10mm s−1. It is
important to note here that the single step paint baking heat
treatment is different to the 3-step process and that the latter
is not a continuation of the former.

3.4. Characterization of Tempers by DSC. The DSC results
were analysed based on a dilatometry technique investigation
of the precipitation kinetics during nonisothermal heating
of various heat-treated Al-Zn-Mg alloy samples [14]. In that
investigation it was found that the interval temperatures
20–120∘C, 120–250∘C, and 150–300∘C correspond, respec-
tively, to the formation of GP Zones, 𝜂 and 𝜂 phases, and
the interval temperatures 50–150∘C, 200–250∘C, and 300–
350∘Ccorrespond, respectively, to their dissolution.However,
formation and dissolution interval temperatures depend on
alloy composition, heating rate, and the initial temper of the
material.

Figure 6(b) shows DSC curves of the AW-7921 sheet in
various heat-treated or thermomechanically treated condi-
tions. A total of 7 peaks appear in the DSC curves. On
heating the SHT + WQ sample, that is, AA-7921-W-temper,
an exothermic peak (Peak 1) appears at approximately 66∘C
relating to the formation of GP Zones.Thismeans the sample
was in a supersaturated solid solution condition prior to the
test. At 140∘C theseGPZones dissolve as indicated by peak 2a,
on further heating phases 𝜂 and 𝜂 and T precipitate (peaks 4,
5, and 6). And, finally, these three phases dissolve as shown
by the broad overlapping endothermic peaks 7(a–c) between
290 and 400∘C.

The formation peak for GP Zones is not present for the
other samples. However, their dissolution is seen in the curve
of the hot stamped + two weeks of natural ageing sample and
the T4-temper (SHT + WQ + two weeks of natural ageing)
sample, as indicated by the endothermic peaks (2b) and (2c)
around 121∘C and 130∘C, respectively. It shows that GP Zones
were already present in the sheet before the test and these
would have formed during storage (natural ageing). There
are endothermic peaks present at 193∘C (3a), 207∘C (3b), and
203∘C (3c) for the T6-temper sample and the hot stamped 1-
and 3-SPB samples (Figure 6(b)).This shows the endothermic
peak 3 (dissolution of 𝜂) shifts towards lower temperatures in
the order of 1-SPB, 3-SPB, and then T6 heat treatment. These
results from theDSC investigation provide information about
the precipitatemicrostructure present in the heat-treated, hot
stamped, and paint baked conditions as listed in Table 3.

3.5. Hot Stamping Process Chain. The process steps in the hot
stamping process chain have been described in the beginning
(Figure 1). It can be expected that process steps such as
preheating, forming, and storage and finally the paint baking

Table 3: Condition and precipitate microstructure for AW-7921
sheet for the various tempers, as discerned from the DSC measure-
ments.

Temper Precipitate microstructure
SHT +WQ: W-temper Zn and Mg solutes
SHT +WQ + 2-week storage: T4-temper GP Zone
HF + DQ @ 10mm/s + two-week storage GP Zone
1-SPB 𝜂 precipitate
3-SPB 𝜂 precipitate
T6 𝜂 precipitate
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Figure 7: Effect of process steps on the yield strength of AW-7921
sheet in the warm forming process chain. The speeds shown are the
rates for hot forming. All measurements made at RT except for the
preheat treatment measurements. These were measured at 230∘C.

treatment, would alter themechanical properties of the sheet.
Figure 7 shows these changes by comparing the effects of
the process steps on the yield strength of the sheet. As
expected, the SHT + WQ considerably decrease the yield
strength of the as-received AA7921 sheet (Figure 7). After hot
stamping this sheet (for both the 10mm s−1 and 20mm s−1)
and storing it for two weeks the yield strength increases to
approximately 350MPa. It is clear from Figure 7 that the
development of yield strength during paint baking depends
on the paint baking heat treatment procedure. Following
a 1-SPB treatment the yield strength of hot stamped sheet
(10mm s−1 and 20mm s−1) with two weeks storage increases
up to 450MPa, while the yield strength increases up to
480MPawith the 3-SPB.However, the final yield strengthwas
still lower than the theoretical maximum of the T6-condition
(520MPa).

4. Discussions

Fine dispersed metastable precipitates are generally respon-
sible for strength in age-hardenable aluminium alloys, for
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example, GP Zones in T4 and 𝜂 precipitates in T6 tempers.
Thesemetastable precipitates form in a sequence. Löffler et al.
[15] reviewed the sequence of precipitation inAW-7xxx alloys
and have observed following precipitation sequence, that is,
𝛼-supersaturated solid solution-Al→ GP Zones→ 𝜂 → 𝜂-
MgZn

2
or T-phase.

Zn and Mg are the main alloying elements for AA7921
alloy having atomic diameters 0.266 and 0.32 nm which are,
respectively, 12% larger and 7% smaller than the atomic
diameter of Al. These solute atoms form a substitution solid
solution when dissolved into the Al-matrix. The structure of
the solid solution remains the same as that of the Al-matrix
(i.e., face-centred cubic) with a lattice parameter for the Al-
matrix of 0.405 nm and unit cell volume of 0.0664 nm3. For
the 𝜂 (ETA PRIME) and 𝜂 (MGZN2) phases the unit cell
volumes are 0.202 nm3 (lattice parameters of 𝜂 phase: a =
0.521 nm, c = 0.86 nm) and 0.299 nm3 (lattice parameters
of 𝜂 phase: a = 0.496 nm, c = 1.403 nm) [16]. Therefore,
precipitation of these phases during continuous cooling will
bring additional changes in alloy volume in addition to the
changes caused by temperature. This leads to the nonlinear
change of 𝑑Δ𝐿/𝑑𝑇 seen in Figure 3(b) [17].

Solution heat-treated state after quenching in water
consists of solute atoms and quenched-in-vacancies. This
state is called W-temper. Since the concentrations of solute
atoms and vacancies are more than the equilibrium value,
W-temper readily decomposes during continuous heating
or during natural ageing. During decomposition, super-
saturated solute atoms and quenched-in-vacancies cluster
together and precipitates as GP Zones as reflected in the DSC
heat flow signal by a broad exothermic peak at temperature of
66∘C during continuous heating. Meanwhile, during natural
ageing, decomposition is reflected by the broad endothermic
peak (GP Zone dissolution) around 130∘C (Figure 6(b)). This
state is called T4-temper.

It is clear that GP Zones precipitate during natural
ageing and cause increase in hardness from W-temper to
T4-temper (Figure 6(a)). There is a small difference in the
hardness of T4-temper and hot formed and die quenched
parts after two weeks. This is related to the introduction of
dislocations and quenched-in-vacancies into the parts after
hot forming and subsequent die quenching (HF + DQ).
Since dislocations act as vacancy sinks a slowing down of
precipitation kinetics occurs due to progressive annihilation
of quenched-in vacancies on dislocations [18].

Dynamicmechanisms such as strain-hardening, dynamic
recovery, dynamic precipitation and/or coarsening of pre-
cipitates generally occur during hot deformation of precip-
itation hardening aluminium alloys. Additionally, diffusion
controlled growth ofmicrovoids/cracks is also reflected in the
flow behaviour at slower strain rates. The DSC investigation
above confirmed that the AW-7921 sheet in the T4 temper
contains GP Zones (Figure 6(b)). This phase partially dis-
solves during deformation at elevated temperature, as shown
by [19, 20].The amount of dissolution of precipitates increases
with increasing temperature. This dissolution explains the
decrease in yield stress of AW-7921-T4 sheet with increasing
temperature up to 475∘C.

The decrease in the yield stress and peak stress of AW-
7921-T4 with increasing temperature may be, respectively,
attributed to increasing dissolution of hardening GP Zone
precipitates and dynamic recovery. Dynamic recovery occurs
during deformation at elevated temperatures. Generally,
it leads to steady state deformation due to annihilation
of dislocations by cross-slip and climb supported by the
applied stress and increased diffusion [13, 21]. The dynamic
recovery effect increases with increasing temperature due
to diminished strain-hardening through the annihilation of
the accumulated dislocations. This is observed in the tensile
behaviour (Figure 4(b)). As temperature is increased the ratio
of the yield stress to the peak stress approaches 1 and indicates
reducing strain-hardening.

The strain rate effects on yield and peak stress in the
current work can be understood in terms of the time
until fracture at the test temperature. Decreasing strain rate
increases deformation periods and this is believed to lead
to more dynamic recovery and dissolution of GP Zone
precipitates during the test. Higher strain rates increase the
strain-hardening capacity and results in an increase in peak
stress as shown in Figures 4(a) and 4(b), respectively. It is
believed that a slower strain rate allows much more time
for dynamic recovery than higher strain rate due to longer
exposure at the test temperature.This leads to the lower yield
strength at 0.01 s−1 compared to 0.1 and 1 s−1.

Formability of AW-7921-T4 sheet can be related to the
elongation at fracture and strain rate sensitivity, m. The pos-
itive strain rate sensitivity increases deformation resistance
and the local deformation slows down. With the increase of
strain rate sensitivity, the transfer and diffusion capability of
necking increase [13]. Therefore, increasing strain rate sensi-
tivity along with dynamic recovery seems to be responsible
for the increase in elongation at fracture with increasing
temperature.

The decrease in yield strength (∼28%) from the initial T4-
temper condition to the hot stamped and stored condition
is negligible for both forming speeds (Figure 7). After a
subsequent 1-SPB heat treatment the yield strength of hot
stamped and stored parts increases by ∼29% due to the
formation of hardening 𝜂 precipitates. However, when using
the 3-SPB instead of the 1-SPB, the yield strength increases
by ∼37%. The hot stamped and stored part exhibited the
highest yield strength after the 3-step paint baking treatment
(∼480MPa), but this is still only 92% of the T6-temper
yield strength (∼520MPa). Therefore, there is a need for
further optimisation of the paint bake treatment to achieve
the peak-aged strength in the completed part. Alternatively,
a heat treatment to stabilize the GP Zones may be given
after forming allowing them to act as nucleation sites for 𝜂
precipitates.

5. Conclusions

This work has investigated the hot stamping behaviour of
AW-7921 sheet on the formability and final mechanical
properties as the sheet passes through the process chain. It
has shown the importance of considering the whole process
chain and the effects of the thermomechanical processing
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contained therein. This consideration is important to ensure
(1) the best conditions for forming the part and (2) the highest
possible strength is achieved in the final product. The main
findings are as follows:

(1) The cooling rate during hot forming and die quench-
ing should be at least between 5 and 10K s−1.

(2) Tensile test results show that the AW-7921 alloy is sen-
sitive to temperature and strain rate. The YS and UTS
decrease with increasing temperature and decreasing
strain rate. Strain rate sensitivity, m, and elonga-
tion at fracture increase with increasing temperature
and decreasing strain rate. This is due to dynamic
recovery and dissolution of hardening precipitates,
for instance, GP Zones.

(3) The yield strength of AW-7921 samples increases in
the order of 1-SPB, 3-SPB, and T6-temper. This is
related to the increasing stability of the 𝜂 precipitates
present in the samples.

(4) Forming speeds of 10 and 20mm s−1 produced almost
identical yield strengths in the hot stamped parts.

(5) The final hot stamped component following a 3-step
paint bake process exhibited yield strength of 92%
achievable with a T6-temper, while for 1 step paint
baking the yield strength was 84%.
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