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Abstract
Finite element analysis (FEA) of a hot stamping process demands the implementation of accurate material properties and
boundary conditions to precisely predict and evaluate the post-form quality of a component. A software agnostic platform was
developed to provide cloud FEA of a hot stamping process in three stages, namely, pre-FEmodelling, FE simulation and post-FE
evaluation. When the desired materials and process window were uploaded on the platform, the flow stress, material properties,
interfacial heat transfer coefficient (IHTC) and friction coefficient were predicted by the model-driven functional modules and
then generated in the form of compatible packages that could be implemented into the desired FE software. Subsequently, the FE
simulation was performed either locally or remotely on the developed platform. When the simulated evolutionary
thermomechanical characteristics of the formed component were uploaded, the formability, quenching efficiency and post-
form strength could be predicted and then demonstrated on a dedicated visualiser on the developed platform. Cloud FEA of
two different hot stamping technologies was conducted to demonstrate the function of the developed platform, showing an error
of less than 10%.
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1 Introduction

Finite element analysis (FEA) software is capable of provid-
ing solutions for metal forming processes and optimising the
process window without considerable physical efforts [1–3].
In recent years, hot stamping technology has been developed
as a novel metal forming process to manufacture complex-
shaped panel components. Solution Heat treatment, cold-die
Forming and in-die Quenching (HFQ) is one such hot

stamping technology for aluminium alloys, in which a blank
is first heated to its solution heat treatment (SHT) temperature
with a period of soaking time and then deformed and simul-
taneously quenched by cold dies. Artificial ageing is conduct-
ed to achieve a high post-form strength of the formed compo-
nent. It is beneficial for improving the formability of the ma-
terial and reducing the springback of the formed component
[4–6]. Fast light Alloys Stamping Technology (FAST) is an-
other promising process, involving heating a blank at an ultra-
fast rate to elevated temperature and immediate quenching in
cold dies without any soaking, as shown in Fig. 1. Instead of
the lengthy artificial ageing process, the post-form strength of
the formed component could be recovered in heat treatment
after assembly, such as paint bake cycles, thereby dramatically
reducing the production time [7–9]. In addition to aluminium
alloys, high strength steels and titanium alloys could also be
formed by hot stamping processes developed by Mori et al.
[10, 11] and Kopec et al. [12], respectively.

FE simulation of hot stamping processes featuring the com-
plex nature of thermal and mechanical fields requires the im-
plementation of accurate material properties and boundary
conditions, such as the flow stress dependent on the tempera-
ture and strain rate [13], the interfacial heat transfer coefficient
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[14] and friction coefficient [15] dependent on the tempera-
ture, contact pressure, tool material, lubricant and coating.
Subsequently, the simulated results, such as stress, strain and
thinning, are used to preliminarily evaluate the quality of the
formed components. However, under the complex hot
stamping conditions, the failure prediction of the formed com-
ponents could not be simply determined by the strain and
thinning, but evaluated by the forming limit as a comprehen-
sive result of temperature, strain rate and loading path [16]. In
addition, the critical quenching rate has to be met to avoid the
intersection between the temperature evolutions and continu-
ous cooling precipitation (CCP) diagram of the material to
achieve the desired microstructure and post-form strength [7,
17]. Those advanced evaluation criteria of the formed compo-
nents essential to the hot stamping processes could be com-
puted by post-processing the simulated results in the FE soft-
ware or user-defined subroutines [18–20]. Therefore, the im-
plementation of accurate material properties and boundary
conditions as well as the computation of the advanced evalu-
ation criterion are critical to the FEA of hot stamping process-
es [21, 22].

In the present research, a software agnostic platform was
developed to provide cloud FEA of hot stamping processes as
well as solutions for specific demands by operating model-
driven functional modules, which could be classified into

three main categories, namely, pre-FE modelling, cloud FE
simulation and post-FE evaluation. After providing the pro-
cess window and materials involved in a desired hot stamping
process, the functional modules of pre-FE modelling were
operated to generate the material properties and boundary
conditions, which could be implemented in either local or
cloud FE simulation of the hot stamping process. After pro-
viding the simulated results, the functional modules of the
post-FE evaluation were operated to generate the advanced
evaluation criterion of the formed component, such as form-
ability, quenching efficiency and post-form strength. In order
to demonstrate the function and accuracy of the developed
platform, cloud FEA of hot stamping of a 6082 aluminium
alloy was performed and then experimentally verified.

2 Cloud FEA of hot stamping processes

2.1 Pre-FE modelling

Figure 2 shows the flow chart of cloud FEA of a hot stamping
process in the developed platform. The model-driven func-
tional modules of pre-FE modelling were operated accounting
for the desired process window and materials. Two different
processing windows were used in the present research. First,

Fig. 1 Schematic diagrams of the
HFQ and FAST forming
processes
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Fig. 2 Flow chart of cloud FEA of a hot stamping process
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an AA6082 blank was heated to 300 °C at a fast heating rate of
50 °C/s. Without any soaking or pronounced temperature
drop, it was immediately deformed by cold tools made from
a P20 tool steel and lubricated by a graphite-based lubricant, at
a stamping speed of 250mm/s. Second, anAA6082 blank was
heated to 535 °C and then soaked for a period in a furnace.
Subsequently, the hot blank was transferred to a press ma-
chine and deformed by lubricated cold P20 tools at a forming
temperature of 490 °C and a stamping speed of 250 mm/s.

2.1.1 Flow stress and material card of AA6082

The functional module, flow stress, was operated to predict
the stress-strain curves of the blank material AA6082 at a
range of temperatures and strain rates to generate a look-up
table or package compatible to the FE software, as shown in
Fig. 3. Alternatively, the stress-strain curves could be acquired
by performing the functional module, Material card.
Meanwhile, the material properties of both the blank and tool
materials shown in Table 1 were also contained in their mate-
rial cards. Both functional modules were driven by the
viscoplastic constitutive equations, as shown in Eqs. (1), (2),
(3), (4) and (5). The basic elastic-plastic flow stress Eq. (1)

was converted to Eq. (2) to calculate the plastic strain rate ε̇P,
in which the initial yield stress k and isotropic material hard-
ening R were introduced to represent the viscoplastic behav-
iour of the material at elevated temperatures. R was expressed
by Eq. (3) as a function of the normalised dislocation density
ρ, which was accumulated by the plastic flow, dynamic recov-
ery and static recovery, resulting in a normalised range from 0
to 1, as shown in Eq. (4). The temperature-dependent param-
eters, such as E, k, K, B, C and n, were determined by using
Arrhenius equations, while other material constants were ex-
perimentally determined [23]. Therefore, the blank material,
desired temperature and strain rate ranges were required to be
provided in those two functional modules to acquire a partic-
ular material card.

σ ¼ E εT−εPð Þ ð1Þ

ε̇P ¼ σ−R−k
K

� �n1

ð2Þ

R ¼ Bρ
0:5

ð3Þ

ρ̇ ¼ A 1−ρ
� �

ε̇P−Cρ
n2 ð4Þ

ϕ Tð Þ ¼ ϕ0exp Qϕ=RgT
� � ð5Þ

2.1.2 The IHTC and friction coefficient between AA6082
and P20

The functional module, IHTC-Mate, was operated to predict
the IHTC evolutions as a function of contact pressure between
the AA6082 and graphite-lubricated P20, as shown in Fig. 4a.
Driven by a mechanism-based IHTCmodel, the overall IHTC
was a sum of the heat transfer across the air gap ha, solid
contact hs and lubricant layer hl, as shown in Eq. (6). ha was
a constant that is independent of the other influential factors,
while hs was determined by the harmonic mean value of the
thermal conductivity of the blank and tool Kst, the root mean
square value of the surface roughness of the blank and tool Rst
and the pressure-dependent parameterNP, as shown in Eq. (7).
NPwas expressed as an exponential function of the ratio of the
applied contact pressure P to the ultimate tensile strength of
the blank σU, as shown in Eq. (8). When a lubricant was
applied, as shown in Eq. (9), hl was determined by the har-
monic mean value of the thermal conductivity of the blank,
tool and lubricant Kslt, the root mean square surface roughness
Rst and the lubricant-dependent parameter Nδ, which had an
exponential relationship to the lubricant thickness δl, as shown
in Eq. (10). The temperature-dependent parameters, such as α
and σU, were calculated by Arrhenius equations, while the
material constants, such as λ, β and γ, were experimentally
determined [14]. Therefore, when the thermal conductivity of
the blank, tool and lubricant, the surface roughness of the
blank and tool and the applied forming temperature were
assigned in the functional module, IHTC-Mate, the desired
IHTC evolutions for the two processing windows were sub-
sequently generated in the form of look-up tables or packages
compatible to the FE software.

h ¼ ha þ hs þ hl ð6Þ

hs ¼ α
Kst

Rst
NP ð7Þ

NP ¼ 1−exp −λ
P
σU

� �
ð8Þ

hl ¼ β
Kslt

Rst
N δ ð9Þ

N δ ¼ 1−exp −γδlð Þ ð10Þ

Table 1 Material properties of the AA6082 and P20 tool steel

Properties Unit AA6082 P20

Density 10−3 g/mm3 2.7 7.85

Young’s modulus at 20 °C GPa 70.0 205

Young’s modulus at 500 °C GPa 19.5 –

Poisson’s ratio – 0.3 0.285

Volumetric heat capacity mJ/(mm3∙K) 2.4 3.6

Thermal conductivity mW/(mm∙K) 170 31.5

Thermal expansion coefficient 10−6 K−1 24.0 12.8
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Another functional module driven by an interactive friction
model [15], Tribo-Mate, was able to predict the evolutions of the
friction coefficient as a function of the sliding distance between
the AA6082 and graphite-lubricated P20 at different forming
temperatures, accounting for lubricant breakdown, as shown in
Fig. 4b. The overall friction coefficient was a sum of the
lubricated-contact friction and dry-contact friction, as shown in
Eq. (11). μl and μd were the temperature-dependent friction
coefficients under the boundary-lubrication and dry-sliding con-
ditions, respectively, expressed as Eq. (12). The interaction be-
tween μl and μd was determined by the lubricant fraction ω,
which was modelled as an exponential function of the lubricant
thickness δl, as shown in Eq. (13). The lubricant was diminished
during sliding and its decreasing rate depended on the viscosity
of the lubricant η, applied contact pressureP and sliding speed v,
as shown in Eq. (14). The material constants, such as θ, c andm,

were experimentally determined in the previous study [15].
When the desired blank material, lubricant, forming tempera-
ture, contact pressure and sliding speed were provided in the
functional module, Tribo-Mate, the evolution of the friction co-
efficient as a function of sliding distance could be generated in
the form of look-up tables or packages compatible to the FE
software. In addition, the average friction coefficient could also
be calculated by Tribo-Mate for FE software that is not able to
address the evolutionary friction.

μ ¼ 1−ωð Þμl þ ωμd ð11Þ
μl;d ¼ μl;d0exp Qμ=RgT

� �
ð12Þ

ω ¼ exp −θ1δl tð Þ½ �θ2 ð13Þ
δ̇l ¼ −δl 0ð Þ cPm1vm2=ηm3ð Þ ð14Þ

Fig. 3 Stress-strain curves of the AA6082 at a range of temperatures and strain rates

Fig. 4 a The IHTC evolutions as a function of contact pressure and b the friction coefficient evolutions as a function of sliding distance between the
AA6082 and graphite-lubricated P20 for the hot stamping processes
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2.2 FE simulation of hot stamping processes in
AutoForm

The FE simulations of hot stamping of a compact M-shaped
panel component and a bulk door inner panel component were
performed in the software AutoForm, as shown in Fig. 5. The
material cards and boundary conditions generated by the func-
tional modules of pre-FEmodelling were implemented in both
FE simulations. In the FE simulation of the M-shaped com-
ponent, the blank and tools were meshed using triangular shell
elements with a size of 2 mm, which were kept constant
throughout the simulation to facilitate the subsequent post-
FE evaluation process. The forming process consisted of three
main stages. Firstly, a heating stage was defined to simulate
the process of heating the blank to a target temperature,
followed by a forming stage where the punch deformed the
blank at the pre-defined forming speed. Finally, a quenching
stage was defined whereby the punch was held against the
deformed blank at a constant force to quench the formed com-
ponent. In the FE simulation of the door inner component, the
blank and tools were meshed using 5 mm triangular shell
elements. In addition to heating, forming and quenching
stages, a blankholding stage was defined to clamp the blank
within the blankholder and die at a constant force before
forming.

2.3 Post-FE evaluation

After the FE simulation, the simulated evolutionary
thermomechanical characteristics of each element were
exported and then uploaded in the developed platform to op-
erate the functional modules of post-FE evaluation, thereby
predicting the formability, quenching efficiency and post-
form strength of the formed components, as shown in Fig. 2.

2.3.1 Formability of formed components

The simulated major stress, minor stress, major strain and
minor strain of each element at each time step were uploaded
in the functional module, Formability, which applied the uni-
fied viscoplastic, Hosford and Marciniak-Kuczynski (MK)
model to compute the failure criterion for each element, rang-
ing from 1 to 10 [16]. The viscoplastic model was shown as
Eqs. (1), (2), (3), (4) and (5), while the Hosford model was
shown as Eq. (15) to represent the anisotropic material behav-
iour, computed by the major stress σ11, minor stress σ22, yield
stress σ and R values in the longitudinal R1 and transverse
directions R2. In the MK model, the propagation of a crack/
necking increased with increasing failure criterion, as shown
in Eqs. (16), (17) and (18), where ε2 was the minor strain and f
was the thickness ratio between the non-defect zone a and
defect zone b. The onset of localised necking occurred when
the critical value, i.e., the increment of strain in the thickness
direction ε3, of 10 was reached, as shown in Eq. (19). When
those required data were provided in formability, the failure
criterion for all elements was distributed on the formed com-
ponent and demonstrated by using a dedicated visualiser on
the developed platform.

R2σ11a;b
l þ R1σ22a;b

l þ R1R2 σ11a;b−σ22a;b
� �l

¼ R2 R1 þ 1ð Þσa;b

l
ð15Þ

ε2a ¼ ε2b ð16Þ

σ11a ¼ f σ11b ð17Þ

f ¼ f 0exp ε3b−ε3að Þ ð18Þ

dε3b=dε3a≥10 ð19Þ

Fig. 5 The FE models in AutoForm for hot stamping of a the compact M-shaped panel component and b the bulk door inner panel component
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2.3.2 Quenching efficiency of formed components

The simulated temperature evolution as a function of forming
time for each element was uploaded in the functional module,
Tool-Maker, which superimposed the uploaded curves onto
the CCP diagram of AA6082 [24]. The critical quenching
efficiency of an element was achieved when its temperature
evolution did not intersect the CCP diagram, which was then
defined as a safe element; otherwise, the element was insuffi-
ciently quenched and highlighted as a fail element. The distri-
bution of quenching efficiency of the entire component was
subsequently demonstrated by using the dedicated visualiser.

2.3.3 Post-form strength of formed components

In order to predict the evolution of the post-form strength of
the formed component as a function of artificial ageing or
other post-form heat treatment, the simulated major strain
and minor strain of each element at each time step were re-
quired to be uploaded on the functional module, Tailor, driven
by a post-form strength prediction model [7]. The post-form
strength was a sum of the intrinsic strength σi, the dislocation
hardening σdis, the solid solute strength σss and the precipita-
tion hardening σppt, furthermore, which was determined by
the strength of bypass precipitates σby and shearable precipi-
tates σsh, as shown in Eq. (20). In addition to σi being assumed
as a constant and σdis being modelled by Eq. (3), σss, σby and
σsh were expressed by Eqs. (21), (22) and (23), respectively,
whereCtwas the transient solute concentration in the matrix, ft
was instantaneous volume fraction of precipitates, r was the
average radius of the precipitates, and C1, 2, 3 was the material
constant. Due to the dependence of Ct and ft on the tempera-
ture and period of the post-form heat treatment, the process
window was also required by this functional module in addi-
tion to the major and minor strain. For instance, a 6-h artificial
ageing was conducted at 180 °C after the door inner forming,
while a 40-min paint bake cycle was conducted at 120 °C after
the M-shape forming. After providing the required data in
Tailor, the distribution of the post-form strength of the formed
component during the whole heat treatment process was com-
puted and visualised.

σy ¼ σi þ σdis þ σss þ σppt ¼ σdis þ σss þ σi

þ σbyσsh

σby þ σsh
ð20Þ

σss ¼ C1Ct
2=3 ð21Þ

σby ¼ C2 f t
1=2r−1 ð22Þ

σsh ¼ C3 f t
1=2r1=2 ð23Þ

3 Results and discussion

3.1 Prediction of the thickness distribution of formed
components

The thickness distributions of the two formed components
were simulated by AutoForm. As shown in Fig. 6, the simu-
lated thickness distribution of the compact M-shaped compo-
nent ranging from 1.93 to 2.01mmhad a good agreement with
the experimentally measured thickness with an error of less
than 6%, while the maximum thinning occurred on the side
walls of the central bend. Figure 7 shows the simulated thick-
ness distribution of the door inner component ranging from
1.40 to 2.20 mm, predicting that thinning up to 30% occurred
in several regions.

The measured thickness at multiple points of the door inner
was compared with the simulated results, indicating that good
agreement was achieved for the complex geometry with an
error of less than 10%. The simulated thickness results of both
forming processes obtained from AutoForm verified the accu-
racy of the assignedmaterial cards and boundary conditions to
represent the complex nature of material flow behaviours and
boundary thermomechanical loadings in the hot stamping
processes.

3.2 Prediction of the formability and optimisation of
the initial blank shape

The functional module, Formability, predicted the distribu-
tions of the failure criterion on the two components, which
were visualised on the developed platform. The failure crite-
rion remained below the critical value for hot stamping of the
M-shaped component with a range of 1 to 6, as shown in
Fig. 8, which was verified by the forming trials since the
components were successfully formed with no visible neck-
ing/cracking, as shown in Fig. 6b. However, the maximum
failure criterion did not occur in the regions that experienced
the maximum thinning. As mentioned, the formability was a
combined result of the temperature, strain rate and loading
path. The temperature and strain rate of the adjacent regions
with the maximum failure criterion and thinning were similar,
while the loading path of those two regions was uniaxial when
drawing into the die cavity, followed by a transition to
biaxiality when the central bend was stretched into the M-
shape. The region with the maximum thinning was continu-
ously stretched by a biaxial loading at the end of the forming
process, while the region with the maximum failure criterion
was at a plan loading, thus resulting in lower formability. Due
to the different loading path, the region with the maximum
failure criterion was therefore located on the side wall of the
central bend, which was not consistent with the region at the
maximum thinning on the central bend.
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Figure 9 shows the distribution of the failure criterion
of the door inner component, predicting that the cracks
would occur near the corners of the deeper geometrical
features (Regions A and D) that also experienced large
thinning, which agreed with the forming trials. Although
large thinning occurring, Regions B, C and E did not meet
the critical failure criterion. On the contrary, high failure
criterion was observed on Region F where thinning was
marginal. Figure 10 shows the evolutions of the failure
criterion, temperature, strain rate and loading path as a
function of forming time on two typical regions A and
B. The failure criterion for Region B remained marginal
during the whole forming process, while it increased dra-
matically after the forming time of 0.4 s for region A. It
was found that the temperature of Region A was signifi-
cantly lower than that of Region B, and the strain rate of
Region A was much higher than that of Region B after
0.4 s, thereby leading to a higher failure criterion for

Region A. An uniaxial loading path was maintained on
Region B, while it transited to a biaxial loading followed
by another rapid transition to a plan loading on Region A
after 0.4 s, thus result ing in lower formabili ty.
Consequently, Region A had a much higher failure crite-
rion than Region B, although both regions experienced
large thinning. The formability prediction of the two hot
stamping processes indicated that the failure could not be
simply evaluated by thickness/thinning distribution under
the complex thermal and mechanical conditions. Instead,
the combined effect of temperature, strain rate and load-
ing path could contribute to an accurate prediction of the
formability of the formed component.

The previous thinning and formability of the door inner
component were predicted by using the initial blank shape
after more than 20 iterations of optimisation, which
minimised the cracking/necking and used in the forming
trials. Figure 11 shows the formability results by using the

Fig. 6 a FE-simulated thickness distribution of the M-shaped component and b experimental and simulated thickness contour along the mid-section of
the component

Fig. 7 Simulated thickness
distribution of the door inner
panel component and
experimental measurement at the
selected points
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initial blank shape before optimisation. Severe cracking
occurred along the top recess of the component as well
as at the corners of the deeper geometrical features. The
initial blank shape was subsequently optimised to improve
the formability of the material based on the analysis of its
evolutionary temperature, strain rate and loading path.
The significant change in the failure criterion distribution
emphasised the sensitivity of the initial blank shape in the
hot stamping processes. The functional module,
Formability, is therefore necessary to predict the failure
of the formed component as a combined result of temper-
ature, strain rate and loading path as well as optimise the
initial blank shape.

3.3 Prediction of the quenching efficiency of formed
components

The functional module, Tool-Maker, predicted the quenching
efficiency of the two components respectively. Figure 12 a
shows the comparison between the temperature evolutions
of all elements on the M-shaped component and the CCP
diagram of AA6082. As no intersection was found, the entire
formed component was sufficiently quenched and then
visualised on the platform, as shown in Fig. 12b. Figure 13
shows that the critical quenching efficient was also met for hot
stamping of the door inner component. Consequently, second-
ary phases that consume alloying elements would not precip-
itate, and thus a high post-form strength would be obtained
after a proper artificial ageing process (or post-form heat treat-
ment). This also indicated that the applied tool material P20,
the designed tool geometry, e.g. the die clarence, radius of
fillet and angle of side walls, and the selected process win-
dows, including the forming temperature, blankholding force
and die-closing force, ensured the critical quenching efficien-
cy to be met in the hot stamping processes. Therefore, the
functional module, Tool-Maker, was able to optimise the tool
design and process window by the prediction of the quenching
efficiency.

3.4 Prediction of the post-form strength of formed
components

The functional module, Tailor, predicted and visualised the
distributions of the post-form strength/hardness of the two

Fig. 8 Prediction of the formability of the M-shaped component

Fig. 9 Prediction of the
formability of the door inner
component
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formed components during the post-form heat treatment. As
shown in Fig. 14, the average hardness of the M-shaped com-
ponent was 84 HV after quenching and increased in the sub-
sequent paint bake cycle at 120 °C, reaching 107 HV after
baking of 20min and the peak value of 121 HV after baking of
40 min. The hardness of the M-shaped component was exper-
imentally measured along its section contour after quenching
and paint bake cycle of 40 min, showing the average values of
86 and 120 HV, respectively. Figure 15 shows that the pre-
dicted post-form hardness of the door inner component was
88 HV after quenching, 109 HV after artificial ageing of 3 h at
180 °C and 119 HV after ageing of 6 h at 180 °C, reaching the
peak hardness. Samples were cut from the flat bottom of the
formed door inner component to conduct tensile tests, show-
ing the yield strength of approximately 270MPa and the hard-
ness of 111 HV. The error of the post-form hardness of the
two components predicted by the functional module was less
than 8%.

The prediction of the post-form strength/hardness of the
component mainly depended on the contributions of disloca-
tion hardening, solid solution hardening and precipitation

hardening. The contributions of dislocation hardening and
solid solution hardening were closely tied to the normalised
dislocation density, which was determined by the strain and
strain rate experienced by the component. As the precipitates
initiated and grew during the post-form heat treatment, the
effect of precipitation hardening became the largest contribu-
tor to the increase in the hardness. Therefore, the post-form
strength of the M-shaped component could be retained after
short heat treatment due to a fine microstructure being obtain-
ed by using a rapid heating process. In contrast, the hot
stamping of the door inner component had to be conducted
at a higher temperature due to its more complex geometry and
larger plastic deformation. Consequently, a longer artificial
ageing process was required to recover the microstructure
and thus post-form strength of the formed component.
Hence, after post-processing the strain and temperature of
the formed component, Tailor was able to predict the evolu-
tion of the post-form strength as a function of heat treatment,
thereby computing the peak strength and optimising the pro-
cess window of the post-form heat treatment/artificial ageing
process.

Fig. 10 The evolutions of a failure criterion, b temperature, c strain rate and d loading path as a function of forming time on Region A and B of the door
inner component
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4 Conclusion

A software agnostic platform integrated by the model-driven
functional modules was developed in the present research to
provide cloud FEA of hot stamping of a compact M-shaped
component and a bulk door inner component made from
AA6082. According to the applied materials and process win-
dow, the flow stress, material properties, IHTC and friction

coefficient could be generated by the functional modules
named Flow Stress, Material Card, IHTC-Mate and Tribo-
Mate, respectively, in the form of compatible packages that
fed into the desired FE software. Subsequently, the FE simu-
lation of the hot stamping process was performed either local-
ly or remotely on the developed platform. After uploading the
simulated evolutionary thermomechanical characteristics of
the formed component onto the platform, the functional

Fig. 11 a The initial blank shape
for the door inner component
before and after optimisation. b
Prediction of the formability of
the door inner component by
using the initial blank shape
before optimisation

Fig. 12 a Comparison between the temperature evolutions of all the elements and CCP diagram and b visualisation of the quenching efficiency
distribution for the M-shaped component
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modules named Formability, Tool-Maker and Tailor could be
operated to predict and demonstrate the distributions of the
formability, quenching efficiency and post-form strength, re-
spectively, on the dedicated visualiser, thereby optimising the

initial blank shape, tool design and process window. Good
agreements between the cloud FEA and experimental results
were found with an error of less than 10%, verifying the ac-
curacy of the developed platform.

Fig. 13 a Comparison between the temperature evolutions of all the elements and CCP diagram and b visualisation of the quenching efficiency
distribution for the door inner component

Fig. 14 Predicted post-form hardness distribution of the M-shaped component a after quenching, b after the paint bake of 20 min and c after the paint
bake of 40 min
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For the first time, the pre-FEmodelling was combined with
the cloud FEA to predict the material properties and boundary
conditions with a particular processing window, resulting in
excellent accuracy on the FEA. Meanwhile, the post-FE eval-
uation was also integrated to predict the formability,
quenching efficiency and post-form strength, significantly
expanding the functions of the conventional FEA.
Furthermore, the mechanisms on the plastic deformation, ma-
terial behaviour, boundary heat, mass transfer, etc. were ex-
plained by the developed functional modules driven by the
experimentally verified models. Moreover, this platform is
an open-source for various functional modules to be imple-
mented to satisfy the desired demands. Therefore, it has a huge
potential benefit on the hot stamping industry.
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