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A B S T R A C T   

We developed a combined finite element and CALPHAD based model of the Laser Powder Bed Fusion (LPBF) 
process for AA7075 alloy that considers the effect of feedstock composition and print parameters. A single-pass of 
a laser on a layer of AA7075 alloy powder has been considered. Sensitivity of temperature evolution and melt 
pool geometry to variation in the stoichiometry of the feedstock powder and laser source characteristics have 
been studied. Our results indicate that deviation (up to 10%) of the feedstock composition from the AA7075 
raises the maximum temperature and increases melt pool size. Excess Cu content shows the largest melt pool 
width and depth among all the cases. The peak temperature is higher than the standard feedstock composition in 
all cases, except when the Cu concentration is reduced. Increasing the scan power also results in a higher peak 
temperature and a larger melt pool size. Furthermore, the temperature's rise time increases by lowering the scan 
speed.   

1. Introduction 

Additive manufacturing (AM) has been widely implemented to 
produce parts for applications in aerospace, automotive, rapid proto-
typing, and various manufacturing industries. The ability to construct 
parts layer by layer from a computer-aided drawing enables the 
economical manufacturing of complex parts and allows greater design 
flexibility [1–4]. In particular, additive manufacturing techniques allow 
control over material microstructure and composition variation as the 
parts are manufactured. Thus, adding a new dimension to the design 
space, i.e., manufacturing parts with tailored functionalities and prop-
erties [5–7]. Laser powder bed fusion (LPBF) is an additive 
manufacturing technology commonly used for producing functional 
metal components [8,9]. The process utilizes a laser heat source to melt 
the metal powder layers at specified locations, thus building the 
component layer by layer. Despite the unprecedented degrees of 
freedom and manufacturing flexibility of the LPBF method, this process 
is limited to printing only a few alloys. This limitation is due to un-
suitable microstructures, such as columnar grains and cracks, during 
rapid melting and solidification [8–10]. On the other hand, aluminum 
alloys' additive manufacturing is crucial in the aerospace and automo-
tive industries due to their high-performance mechanical properties and 
processability [2,9,11–13]. Much effort has been dedicated to finding 
alloys with suitable properties and optimizing AM process parameters. 

The exhaustive trial and error experimentations are prohibited due to 
significant time and costs. Analytical and computational models provide 
an alternative approach for designing and optimizing process parame-
ters and alloy compositions [1,14–20,42–47]. 

Here, we developed a heat transfer-based model of the LPBF for 
AA7075 that consists of two parts: (i) calculating material properties for 
various alloy compositions using available material databases, such as 
Thermo-Calc [17,21,22], and (ii) thermophysical modeling of the LPBF 
process. We obtained material properties such as temperature- 
dependent density, heat capacity, and solidus/liquidus temperature 
from CALPHAD based simulations and corresponding thermodynamic 
and mobility databases [16,17,21–27]. However, thermal conductivity 
data could not be obtained from the aforementioned tools and collected 
from the literature [15,21]. Capitalizing on previous efforts 
[14,15,17,18,22,28–33], we developed a finite element (FE) analysis- 
based model to calculate the temperature evolution and melt pool ge-
ometry [14,15,17,18,22,28–33]. The laser's heat flux is modeled using a 
gaussian surface, which shines in the normal direction to the substrate 
[17,22,31]. Appropriate boundary conditions are assumed for the 
thermal model to resemble actual experimental conditions (see Section 
2.1) [15,17]. 

Table 1 shows the reference composition of AA7075 alloy for which 
material properties such as density, specific heat capacity, and liquidus/ 
solidus temperature were calculated using Thermocalc and 
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corresponding Aluminum TCAL6 thermodynamic and MOBAL5 
mobility databases. Some material properties such as thermal conduc-
tivity, power bed absorption coefficient, and emissivity were acquired 
from the literature [15]. We further analyzed the effect of variation in 
the feedstock composition by changing the mass fraction of the three 
solutes with the most prominent content, i.e., Zn, Mg, and Cu. 

We performed thermal analysis using COMSOL Multiphysics soft-
ware [35] and material property data obtained from CALPHAD based 
simulations and literature. We established separate property data sets 
for the substrate and powder layer using appropriate conversion tech-
niques (see Section 2.3) [15,17,22]. We determined the temperature 
evolution and melt pool geometry for default process parameters of 200 
W laser power and 2000 mms−1 laser scan speed. We further investi-
gated process parameters' effect on the temperature profile and melt 
pool size of powder bed by varying laser power from 100 W to 300 W 
and laser scan speed from 1500 mms−1 to 2500 mms−1. In order to 
analyze the accuracy of the model, we simulated AA6061 alloy and 
compared the results with experimental values listed in Ref. [1]. We also 
conducted a sensitivity analysis to determine the effect of control pa-
rameters, i.e., laser power and spot size, on the peak temperature of the 
powder bed. The thermal model developed here can be further enhanced 
with flow physics to account for the solidified powder layer's shape 
distortion. 

2. Model development 

We developed a nonlinear, transient heat transfer model coupled 
with phase transformation to calculate the temperature profile and melt 
pool geometry along the laser path, which we numerically solve using 
the FE technique. The model geometry consists of a 6 mm(length) × 1.4 
mm (width) × 0.6 mm (thickness) solid substrate with a powder layer of 
37 μm on the top surface. The FE model considered a single-pass laser 
scan parallel to the geometry's length and located at an offset of 50 μm 
from the top powder layer's center. Fig. 1 shows the geometry and mesh 
distribution of the model. 

2.1. Heat transfer model 

Fourier's heat conduction law with an energy balance equation was 
used to model the heat transfer for the LPBF process [15,22,36], i.e., 

∂
(
ρcpT

)

∂t
= ∇∙(κ∇T) + Q (1) 

Here, T is the time-dependent temperature field. The terms ρ, κ,and 
cp are density, thermal conductivity, and specific heat capacity, 
respectively, which are assumed to be only a function of temperature T 
(see Fig. S.1 in supplementary materials). An initial uniform tempera-
ture of 353 K has been assumed throughout the entire geometry. 

The boundary condition for the top layer surface consists of three 
main components, i.e., (i) the laser input heat that is represented by qs, 
(ii) conduction, and (iii) radiation heat transfer, 

( − κ∇T)∙n̂ = qs + h(T − Te) + εσ
(
T4 − T4

e

)
(2) 

Here, n̂ indicates the surface normal, h is the convective heat transfer 
coefficient, ε and σ are the emissivity and Boltzmann constants, 
respectively, and Te=293.15 K is the ambient temperature. 
Temperature-dependent emissivity data for powder and bulk state ma-
terial was acquired from literature (see Fig. S.1 in supplementary ma-
terials) [15]. The value of h was assumed to be 0.05 W/m2⋅K. We 

assumed adiabatic boundary conditions for all other boundaries other 
than the top surface. 

2.2. Laser model 

The laser and the top surface interaction is modeled as a moving heat 
source using a Gaussian surface expression [17,22]. The heat flux, qs, 
associated with the laser heat source is 

qs =
2AP
πr2

b
exp

(
−2r2

r2
b

)

(3) 

The laser power P varied from 100 W to 300 W, and absorption co-
efficient A was taken as 0.34 [37]. rb represents the laser beam radius, 
which is set to 50 μm. The radial distance to the beam centerline, r, is 
measured in μm, which can be calculated using the x-position and y- 
position of the beam's center coordinates at any given time, t, as r =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

(x − x0)
2

+
(
y − y0

)2
√

. Here x0 and y0 are coordinates of the laser 
beam's center. The initial position of the laser is at (−1,0.05,0) [mm], it 
moves at a speed of 2000 mms−1 to its' final position at (1,0.05,0) [mm] 
[15]. 

2.3. Material properties 

We calculated the temperature-dependent density and specific heat 
capacity of the AA7075 using Scheil's rapid solidification model [17,38]. 
We further used the Thermo-Calc software to calculate the liquidus 
temperature, Tl = 1007.01 K, and solidus temperature, Ts = 777.67 K, of 
the alloy AA7075 [38]. The powder's density and thermal conductivity 
are different from the corresponding bulk values [1,15,19,22]. A pack-
ing ratio φ=0.7 is introduced to relate the powder state density to bulk 
state density, ρsolid [15]. The temperature-dependent density of the 
material is modeled as, 

ρ(T) =

⎧
⎨

⎩

φ∙ρsolid(T), T < Tl; before first melt
ρsolid(T), T ≥ Tl; first melt
ρsolid(T), after first melt

(4) 

Table 1 
Composition of AA7075 Alloy [34].  

Elements Al Zn Mg Cu Fe Si Mn Cr Ti 

Composition 
(Mass Percent) 

88.0 6.1 2.6 1.6 0.55 0.4 0.3 0.28 0.2  

Fig. 1. Geometry and mesh distribution of the FE model. A finer mesh is 
implemented along the laser's path, while a coarser mesh is adopted for the rest 
of the geometry. Double geometric progression mesh refinement was used to 
create a denser mesh near the powder layer's center, where the temperature 
evolution will be calculated as the laser passes. The red dot represents point A 
(0, 50 μm, 0), where a probe has been placed to record the temperature evo-
lution during the process. (For interpretation of the references to colour in this 
figure legend, the reader is referred to the web version of this article.) 
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The temperature-dependent thermal conductivity, k(T), is given as 
[11,34]. 

κ(T) =

⎧
⎨

⎩

κpowder(T), T < Tl; before first melt
κsolid(T), T ≥ Tl; first melt
κsolid(T), after first melt

(5) 

Switching from ‘powder’ to ‘bulk’ material property is performed 
using the irreversible transformation module in COMSOL. Once the 
liquidus temperature is reached for the first time in any mesh element, 
the material property switches irreversibly from powder to bulk prop-
erty data set with a transformation time of 1 ps. 

Mass percentages of the three major solute constituents, Zn, Mg, and 
Cu, were varied within a ± 10% range from the typical AA7075 alloy 
composition, Table 2, to understand the role of feedstock composition. 
We calculated the solidus/liquidus temperatures, density, and heat ca-
pacity of these alloys using Thermo-Calc [39]. It was observed that de-
viation from feedstock composition had the opposite effect on density 
and heat capacity for each case, i.e., for each case, if the density 
increased (decreased), then the heat capacity would be lowered (raised). 
The aforementioned material property values for the listed cases A-F are 
given in supplementary materials. 

We assumed the alloy's thermal conductivity and absorption coeffi-
cient remain unchanged despite the change in solute compositions due 
to the unavailability of appropriate data. All the remaining constants 
and coefficients used for the simulation were kept the same. Separate 
simulations were run for each case to determine the effect of these 
composition variations on the temperature profile in the powder layer. 

3. Numerical model 

A transient heat transfer model was developed with numeric tools 
and computational technics. The CALPHAD based simulations were 
performed using Thermo-Calc software's Scheil calculator and property 
model calculator and corresponding TCAL6 thermodynamic and 
MOBAL5 mobility databases [39]. We defined the alloy compositions 
were in the system definer and used the coupled Scheil calculator and 
property model calculator to determine the density, heat capacity, and 
solidus/liquids temperature. 

The FE analysis was performed using the heat transfer study of 
COMSOL Multiphysics, where we used the phase transforming material 
model to capture the powder to bulk melt transformation [35]. We used 
mesh elements of variable sizes to improve computational efficiency. 
For the powder layer, quadratic mesh elements were used. Here, the 
mesh elements along the laser path have a dense mesh, while a coarser 
mesh has been adopted for the rest of the geometry. The top powder 
layer was divided into 25, 15, and 5 quadratic elements along its length, 
width, and height, respectively, with a symmetric distribution of geo-
metric sequence having 0.05, 0.08, and 0.5 element ratios to get a denser 
mesh along the laser path. A coarser tetrahedral mesh setting was 
implemented for the substrate layer with a 1.14 mm maximum and 0.24 
mm minimum element size. 

A time step of 1 ms was selected for the time-dependent study, which 
utilized a fully coupled PARDISO linear solver with a constant (Newton) 
nonlinear method. A damping factor of 0.9 was selected for the 
nonlinear method. Anderson acceleration scheme was also utilized with 

a dimension of iteration space of 5 and a mixing factor of 0.9. We used 
the quadratic Lagrange shape function. We ran separate simulations 
with denser mesh settings and compared the results to investigate mesh 
dependence. The analysis showed no significant evidence of mesh 
dependence for both feedstock AA7075 and varied composition cases. 

3.1. Sensitivity analysis 

We calculated the sensitivity of the peak temperature of the powder 
bed concerning control parameters laser power and spot size using a 
separate stationary solver. The temperature T(t) at any point in the 
domain is related to the input laser heat flux qs through Eq. (1) and Eq. 
(3). On the other hand, the heat flux qs is directly a function of laser 
power P and laser spot size rb. That indicates, 

T(t) = f (qs) = f (P, rb) (6)  

∂T
∂P

=
∂T
∂qs

×
∂qs

∂P
(7)  

∂T
∂rb

=
∂T
∂qs

×
∂qs

∂rb
(8) 

The sensitivity of peak temperature to laser power (∂T/∂P) and laser 
spot size (∂T/∂rb) was calculated at point A (0, 50 μm, 0) where the probe 
is placed. We set up the sensitivity module configuration using an 
adjoint gradient method with a stationary study step. We collected 
boundary temperature and powder melt history data from the time- 
dependent study at steady-state conditions and used them as initial 
and boundary conditions to set up the stationary solver. We kept the top 
powder layer's heat flux and boundary conditions the same as the time- 
dependent study. The rest of the boundaries had temperatures from the 
time-dependent solution set as boundary conditions. 

4. Experimental validation 

The most comprehensive study related to the proposed model for an 
alloy with a composition closest to AA7075 is presented in Ref. [1], 
which focuses on AA6061. We validated our proposed model by 
adjusting it to AA6061, where our model showed a close correlation 
with reported experimental measurements for the AA6061. Subse-
quently, we used the validated model to study AA7075 and its sensitivity 
to print parameters. Ref. [1] reported melt pool width and depth for a 
single track laser scan on a 50 μm (thickness) AA6061 alloy powder bed. 
The laser spot size was 80 μm (diameter), and the laser power and scan 
speed were 150 W and 1140 mm/s, respectively. The aforementioned 
configurations determined melt pool width between 61.62–106.24 μm 
and melt pool depth between 14.69–26.23 μm (Fig. 2). 

We replicated similar conditions using our model by calculating and 
gathering AA6061 material properties from CALPHAD simulations and 
corresponding literature [40,41]. The print parameters (layer thickness, 
laser spot size, power, and scan speed) were replicated using reported 
values in Ref. [1]. Our simulations calculated melt pool width and depth 
of ~121.458 μm and ~47.73 μm, respectively (see Fig. S.4 in supple-
mentary materials). Although the simulation results closely correspond 
with the experimental values of Ref. [1], our numerical model over-
estimates the melt pool width/depth. The computational model does not 
account for evaporation of the materials as peak temperature exceeds 
the boiling temperature of the alloy constituents, which explains this 
discrepancy. 

5. Results and discussion 

We took the data from a probe placed at A (0, 50 μm, 0) on the laser 
path to plot the powder layer's temperature profile during the LPBF 
process. Fig. 3 shows the temperature profile at point A over the total 
simulation period. The maximum temperature reached 2819.20 K at t =

Table 2 
Variation of alloy composition for uncertainty analysis.  

Case Elements Al Zn Mg Cu Unchanged 

Feedstock AA7075 88.00 6.10 2.60 1.60 1.70 
A Excess Zn 87.39 6.71 2.60 1.60 1.70 
B Reduced Zn 88.61 5.49 2.60 1.60 1.70 
C Excess Mg 87.74 6.10 2.86 1.60 1.70 
D Reduced Mg 88.26 6.10 2.34 1.60 1.70 
E Excess Cu 87.84 6.10 2.60 1.76 1.70 
F Reduced Cu 88.16 6.10 2.60 1.44 1.70  

K. Momeni                                                                                                                                                                                                                                        



Journal of Manufacturing Processes 73 (2022) 555–562

558

0.503 ms, and the rise time was ~0.075 ms. As the laser beam passed 
over point A, the temperature sharply drops. The sudden change in the 
rate of cooling as the temperature reaches Tl = 1007.01 K can be 
accounted for by the phase change from melt to solid of the material. 
Fig. 4 (a) shows the temperature gradient along the geometry's length, 
and Fig. 4 (b) shows the melt pool transverse to the laser path at t = 0.51 
ms. We assumed that melt (solid) forms when the temperature exceeds 
(drops below) the liquidus (solidus) temperature. We calculated the melt 
pool width and depth for AA7075 to be ~0.128 mm and ~ 42 μm, 
respectively (see Fig. S.5 (c) in supplementary materials). 

The sensitivity of peak temperature to laser power and spot size is 
shown in Fig. 5. Separate simulations were performed at 100 W ~ 300 W 
to calculate the sensitivity of the peak temperature to laser power and 
spot size. As power is increased from 100 W to 300 W, the sensitivity of 
the peak temperature remained primarily unchanged for control both 
parameters, except for the 150 W case, which had the highest sensitivity 
to laser power (8.7221 K/W) and spot size (−35.229 K/W). Sensitivity 
values for the rest of the cases are listed in Table S.2 in supplementary 
materials. 

5.1. Effect of laser power 

The change in laser power influences the temperature distribution 
and thus the melt pool dimensions, Fig. 6. The peak temperature in-
creases from 1606.88 K to 4053.63 K as laser power increased from 100 
W to 300 W. However, increasing laser power did not affect the rise time 
of peak temperature and duration of melt. Having a peak temperature 
higher than the boiling temperatures of the alloy constituents will cause 
the evaporation of material which may change alloy composition and 
degrade material characteristics. So, the peak temperature must not 
exceed the lowest boiling temperature among the alloy constituents 
excessively. 

The melt pool's width and depth also increase by increasing the laser 
power, Fig. 7. The melt pool width doubles from 0.085 mm to 0.177 mm 
as power increases from 100 W to 300 W. Melt pool geometry for 150 W 
~ 250 W settings follows similar width and depth trends (see Fig. S.5 
supplementary materials). While having a larger melt pool width de-
creases print time, it often distorts the part geometry and pore spaces to 
form within the part. Therefore, laser power has to be calibrated pre-
cisely to achieve optimum melt pool geometry. 

5.2. Effect of laser scan speed 

The laser scan speed influences the peak temperature and rise/fall 
times in the temperature profile, Fig. 8. The peak temperature drops by 
~249 K as the laser scan speed increased from 1500 mms−1 to 2500 
mms−1. However, the more significant effect of increasing scan speed is 
the decrease in the temperature profile's rise and fall time. 

Laser scan speed also affects the geometry of the melt pool. With 
increased speed, the melt pool's depth and width decrease, Fig. 9. The 
melt pool width and depth reduce by ~0.018 mm and ~ 0.010 mm, 
respectively, as the laser speed varies from 1500 mm/s to 2500 mm/s. 
Thus, it is evident that laser scan speed has a more prominent effect on 
the melt pool's width than its depth. We performed additional simula-
tions for 1750 mm/s to 2250 mm/s laser scan speeds, following similar 
depth reduction trends (see Fig. S.5 in supplementary materials). 

5.3. Effect of feedstock composition 

Except for Case F, the variation of the solute mass percent from the 
typical AA7075 alloy composition increased peak temperature. Fig. 10 

Fig. 2. Simulation vs. experimental results for AA6061 alloy. The simulation was performed at P = 150 W, and V = 1140 mms−1 for a 50 μm AA6061 powder bed, 
and the melt pool width and depth were ~ 121.458 μm and ~ 47.73 μm, respectively. (a) shows the experimental values acquired from Ref. [1], which reported melt 
pool width in the range of 61.62–106.24 μm and depth in the range of 14.69–26.23 μm for the similar printing conditions. (b) shows the measurement of melt pool 
dimension (adapted from Ref. [1] with permission from Elsevier). 

Fig. 3. Temperature profile at point A along the laser path. For P = 200 W and 
a laser scan speed of 2000 mms−1. The peak temperature reaches 2819.20 K 
with a rise time of approximately 0.075 ms. 
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shows the effect of Zn mass percent variation (±10% mass fraction of the 
AA7075) on the powder layer's overall temperature evolution. The peak 
temperature for feedstock AA7075 was 2819.20 K. Both the increase and 
the decrease of Zn mass percent resulted in increased peak temperature. 
For Case A and Case B, representing a 10% increase and decrease of Zn 
concerning the AA7075 composition (Table 2), the recorded peak tem-
perature was 2861.11 K and 2833.39 K, respectively. The melt pool 
width and depth increased for both excess and reduced Zn cases (see 
Fig. S.6 in supplementary materials), with Case A having a more 

prominent effect. The rise and fall time, however, remained unchanged 
for both cases. 

Fig. 11 illustrates the effect of Mg variation on the temperature 
evolution in the powder layer. It indicates that reducing the Mg content 
results in a higher peak temperature. For both Case C and Case D, where 
the mass percent of Mg was increased and decreased by ±10%, 
respectively, the peak temperature increased to 2858.69 K and 2869.61 
K from 2819.20 K for AA7075. Furthermore, the melt pool width and 
depth were higher for the reduced Mg composition (see Fig. S.6 in 
supplementary materials). 

Similar to the cases above, the Cu content increase also resulted in a 
peak temperature rise. Fig. 12 shows the effect of Cu's mass percent 
variation on the temperature evolution in the powder layer. For Case-E 
representing a 10% increase in Cu composition, the peak temperature 
was 2895.60 K. However, in Case-F, with a 10% reduced Cu composi-
tion, the peak temperature was recorded at 2817.27 K, similar to the 
feedstock composition value of 2819.20 K. The excess Cu case also had 
the largest melt pool width ~0.133 mm and depth ~0.049 mm. In 
contrast, for the reduced Cu condition, the geometry was similar to the 
feedstock composition. Melt pool geometry for case A-F is listed in 
supplementary materials. 

6. Conclusion 

We developed a combined CALPHAD and FE model of a single-track 
LPBF process for AA7075 alloy, which is of interest due to its optimum 
mechanical properties and processability, specifically aerospace appli-
cations. The developed tool demonstrated excellent potential for pre-
dicting material properties and process parameter optimization in 
additive manufacturing processes. We have calculated temperature- 
dependent material properties, including density and heat capacity. In 
addition, the temperature profile along the laser path and the melt pool 

Fig. 4. Temperature distribution for P = 200 W and V = 2000 mms−1. (a) Temperature profile along the laser path, and (b) transverse to laser path at point A at t =
0.51 ms. 

Fig. 5. Sensitivity of the peak temperature at point A with respect to laser power and spot size. Values are taken at different input powers. Both sensitivities remain 
primarily unchanged as laser power is varied from 100 W to 300 W except 150 W, which had the highest sensitivity to laser power and scan speed. 

Fig. 6. Temperature profile at point “A” along the laser path for various 
powers. For a constant laser scan speed of 2000 mms−1, the peak temperature 
rises from 1606.88 K to 4053.63 K as the power increases from 100 W to 300 W. 
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transverse to the path were investigated for different process 
parameters. 

A laser power of 200 W with a scan speed of 2000 mm/s has been 
reported as the suitable conditions for printing AA7075 alloy using the 
LBPF process 11. We recorded a maximum temperature of 2819.20 K at 
point A using these values in our simulation. The melt pool width and 
depth were approximately 0.128 mm and 42 μm for this case. 

Process parameters such as laser power and laser scan speed affect 
the temperature evolution of the powder bed. The temperature profile 
and melt pool geometry for laser power settings ranging from 100 W to 
300 W and laser scan speed ranging from 1500 mm/s to 2500 mm/s 

were investigated. Varying laser power had a significant impact on 
maximum temperature evolution and melt pool size. The maximum 
temperature dropped to 1606.88 K from 4053.63 K as power was low-
ered from 300 W to 100 W. Melt pool width and depth were also reduced 
by the decrease in power setting. The peak temperature and melt pool 
depth decreased with the increase in laser scan speed. The peak tem-
perature dropped by ~248.96 K as speed was increased from 1500 mm/s 
to 2500 mm/s. 

Contrary to power variation, changing the speed influenced the rise 
and fall time of the temperature profile, where rise time was reduced at a 
higher speed setting. As for the melt pool geometry, speed seems to have 
a more prominent effect on melt pool width rather than depth. 
Furthermore, we performed a sensitivity analysis to understand the 

Fig. 7. Melt pool geometry as laser power is varied. Values are taken at point A along the laser path at t = 0.51 ms. The melt pool width and depth increase by 
~0.092 mm and ~ 0.041 mm as power increases from (a) 100 W to (b) 300 W. 

Fig. 8. Temperature vs. normalized time profile at point A situated along the 
laser path for various laser scan speeds. Profiles are normalized concerning the 
peak temperature reaching time (t = 0.67 ms) for V = 1500 mms−1 with a 
constant power of 200 W. As the laser scan speed increases from 1500 mms−1 to 
2500 mms−1, the profile's peak temperature decreases by ~249 K and reduces 
the rise/fall time. 

Fig. 9. Melt pool geometry for different laser scan speeds. Melt pool size along the laser path at peak temperature, indicating that the melt pool width decreases more 
significantly (~0.018 mm) than the depth (~0.010 mm) as speed is increased from (a) 1500 mm/s to (b) 2500 mm/s. 

Fig. 10. Effect of Zn composition variation. The mass percentage of Zn was 
varied within the ±10% range. For both cases, the peak temperature increased 
compared to AA7075. The peak temperatures were 2861.11 K and 2833.39 K 
for Case A and Case B, respectively. 
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effect of change in the laser power and spot size on the maximum 
temperature. Our findings indicate that the sensitivity of the peak 
temperature to both laser power and spot size varies within a minimal 
range as we increase the laser power. The 150 W power setting had the 
highest sensitivity to laser power (8.7221 K/W) and spot size (−35.229 
K/W) among the 100 W ~ 300 W range. 

We determined the effect of variation in the concentration of three 
major solute elements Zn, Mg, and Cu. As the mass percent for each 
aforementioned element was varied within the ±10% range, for all cases 
except Case F, the peak temperature increased from the reference 
AA7075 composition value of 2819.20 K, and melt pool size increased. 
Case F, which represents 10% reduced Cu composition, had the lowest 
peak temperature of 2817.27 K with similar melt pool geometry. We can 
obtain more accurate results with appropriate thermal conductivity data 
for the variant compositions. 
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