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Microstructure Evolution and Mechanical Property Response via 3D 

Printing Parameter Development of Al-Sc Alloy 
 

 

Abstract 

3D printed Sc-modified Al alloy by Powder Bed Fusion (PBF) performs significant 

strength and ductility without hot tearing during process. This kind of 3D-printable high 

specific strength material exhibits great potential in lightweight applications. Due to the less 

design limitation through 3D printing process, the degree of lightweight is greatly affected by 

the specific strength of the materials. Hence, to further improve the mechanical properties of 

the material through process optimization or post treatment is of great importance. 

Microstructure feature variations due to different processing parameters are well known for 

traditional process and materials. This study explores the parameter microstructure 

performance relationship of 3D printed Sc-modified Al alloys from the perspective of melting 

pool interactions. According to stress concentration effect and Hall-Petch effect, the 

mechanical properties of the 3D printed materials vary greatly depending on the differences 

in defect size, shape, and grain size. 

 

Keywords: powder bed fusion; selective laser melting; additive manufacturing; Al-Sc alloy; 

mechanical property 

 

1. Introduction 

     

    Generally, there are two ways to fabricate lightweight products, one is to introduce the 

materials exhibit high specific strength and the other one is to introduce the design with 

lightweight structure. However, it is very hard to achieve these two approaches at the same 

time by traditional processes. With the development of the additive manufacturing technology, 

materials that are difficult to be manufactured by traditional processes are re-emerging and 

playing a pivotal role in lightweight issues (Chua, Leong, and Lim 2010; Gibson, Rosen, and 

Stucker 2010; Liu et al. 2016; Zhao et al. 2016; N. Sudarmadji 2011; Murr 2017; S.Y. Chen 

2018). Additive manufacturing technology, also known as rapid prototyping technology, is 

mainly divided into Rapid Prototyping (RP) technology and Rapid Manufacturing (RM) 

technology. The most well-known characteristics of additive manufacturing technology are 

the customized production and small amount of diverse production (Chua, Leong, and Lim 

2010; Gibson, Rosen, and Stucker 2010; Liu et al. 2016; Zhao et al. 2016; N. Sudarmadji 

2011; Murr 2017; S.Y. Chen 2018). The most widely used method for fabricating metal 

products is powder bed fusion (PBF) method. And there are two powder bed fusion method 

which are laser powder bed fusion (LPBF) and electron beam powder bed fusion (EBPBF) 

(Chua, Leong, and Lim 2010; Gibson, Rosen, and Stucker 2010; Liu et al. 2016; Zhao et al. 
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2016; N. Sudarmadji 2011; Murr 2017; S.Y. Chen 2018).  

 

    Thanks to the maturity of 3D printing technology, porous materials of metal porous 

structure could be well controlled and realized. The metal porous structure is a very common 

special structural material (Yang et al. 2015; Murr et al. 2012; Yan et al. 2015; Liu et al. 2016; 

Weißmann et al. 2016), which simultaneously exhibits high strength, light weight 

characteristics, and good thermal resistance (Nakajima 2007; Evans et al. 2001; Li et al. 2014; 

Tan et al. 2017). The metal porous structure could be divided into stochastic porous structures 

and periodic cellular lattice structures, in which the periodic cell lattice structure could 

exhibit better material properties at the same volume fraction (Evans et al. 2001; Cansizoglu 

et al. 2008). Moreover, the porous materials fabricated by 3D printing technology are widely 

used in high-end engineering products such as vehicles parts, aerospace parts and medical 

implants (Zhou, Shrotriya, and Soboyejo 2004; W.Y. Yeong 2004; X. Wang 2016; S.A. 

Khairallah 2016; D. Herzog 2016) 

 

    At the mean time, advanced lightweight materials 3D printing process/parameter R&D is 

also received attention by global researchers. One of the advanced lightweight materials that 

global researchers are focusing on is Al-Sc alloy, or so called Scalmalloy. In the Al alloy 

system with the alloying elements (Cu, Mg, Zn, Si), hot tearing usually happened during 

solidification due to the large solidification ranges that promoted by these elements. By 

adding small amount of Sc, the Al3Sc phase nucleated at high temperature and provide lots of 

nucleation sites and thus limited the formation of columnar grain and hot tearing during 

cooling as well (Schmidtke et al. 2011; Jägle et al. 2016). Due to the fine grain size and 

precipitation strengthening effect, Al-Sc alloy exhibit high strength and high ductility 

(Schmidtke et al. 2011). 

 

    Since the high strength of Al-Sc alloy is contributed by the fine grain size and precipitation 

strengthening effect, the strength could be further improved if the initial grain size can be 

finer via the 3D printing parameter optimization by exploring the relationship between 

parameter-microstructure-performance. To explore the relationship between the parameter, 

defect, microstructure, and mechanical properties of the 3D printed materials, three selected 

parameter were selected to fabricate advanced lightweight Al-Sc alloy by laser powder bed 

fusion (LPBF)  technology. The defect/microstructure evolution and relative mechanical 

response via the change of 3D printing parameter of such materials was examined and 

discussed carefully. 

 

2. Experimental Procedure 

 



3 
 

2.1 Materials 

 

    Pre-alloyed Al-Sc (Scalmalloy) powder was provided by Heraeus Group and Circle Metal 

Powder Co., Ltd. The powder size ranges mainly from 20 to 63 m, and the powder shape is 

spherical.  The chemical composition is shown as Table 1.   

 

2.2 Laser Powder Bed Fusion 

 

    All of the samples of this study were manufactured by laser powder bed fusion method 

using a Renishaw AM400 system. Before the process, the vacuum is drawn to about 1×10-2 

torr, and the Ar protective atmosphere is backfilled to about one atmosphere. The maximum 

power of the laser can reach about 400 W, and the scanning rate can reach up to about 2 m/s, 

spot size is about 70 m, the thickness of each layer of metal powder is about 30 m, and the 

maximum manufacturing size is about 25*25*30 cm3. Taking Al-Sc alloys as an example, the 

building rate is about 5-20 cm3/hour. In this study, no post heat treatment has been conducted 

on the as-built Al-Sc sample.  

 

2.3 Microstructure Analysis 

 

    To observe the micro-sized defects and the microstructure carefully, the scanning electron 

microscopy (SEM, JEOL JSM-6330) and electron backscattered diffraction (EBSD, Zeiss 

Supra 55) were introduced. Before the SEM observation, all of the samples were grinded and 

polished carefully. For the EBSD examination, the samples were electro-polished after 

mechanical grinding and polishing. 

 

2.4 Tensile Test 

 

    The 3D printed Al-Sc alloy samples by LPBF were prepared for the tensile testing, which 

was performed by an Instron 5582 universal testing machine at room temperature under a 

strain rate of 1x10-4 s-1. Before tensile test, all of the samples were grinded and polished 

carefully. The tensile testing of 3D printed Al-Sc alloy samples have been carried out for at 

least 3 times, and all the mechanical properties are measured with tensile stress-strain curve. 

 

3. Results and Discussion 

 

3.1 Parameter Development  

 

    In this study, the main objective of parameter development is to decrease the size and 
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volume fraction of micron-sized defect and decrease the average grain size of 3D printed Al-

Sc alloy. To determine the microstructure feature and related mechanical properties, cubic 

samples with 1*1*1 cm3 for parameter study (Fig. 1) and tensile test samples refer to ASTM 

E8 standard were fabricated. The tensile test samples were wire cut and grinded carefully to 

remove the uneven surface due to powder attachment during 3D printing process(Fig. 2).  

 

    To explore the relationship between parameter-microstructure-performance, three 

parameters were choose for further research after the 3D printing parameter R&D, which are: 

 

1. Al-Sc-O: the optimized parameter which exhibit highest densification and finer 

average grain size.   

2. Al-Sc-L: the parameter with less overlap between nearby melting pool due to same 

scan speed and 200% hatch distance compared to optimized parameter. 

3. Al-Sc-S: the parameter with smaller melting pool size due to 200% scan speed and 

same hatch distance compared to optimized parameter. 

     

    The three choose parameters in detail were shown in Table 2. 

 

3.2 Observation of Micron-Sized Defects 

 

    To investigate the inference of parameter on micron sized defects, all of the samples built 

by the three parameters (3 samples for each parameter) were examined by SEM, the SEM 

images were shown in Fig.3 and Fig. 4. According to the observation of Fig. 3(a) and Fig. 

4(a), there were only few micron sized defects in the Al-Sc-O sample. And the largest 

observed defect size was about 31.4 m. Meanwhile, the shape of the micron sized pore was 

approximately spherical. In comparison, numinous micron sized defects were found in the 

samples of Al-Sc-L and Al-Sc-S, as shown in Fig. 3(b-c) and Fig. 4(b-c). The largest 

observed defect size in Al-Sc-L and Al-Sc-S were about 71.9 m and 305.1 m, respectively. 

Moreover, there were approximately spherical and irregular shape micron sized pore in Al-

Sc-L sample and there were only irregular shape micron sized pore in Al-Sc-S sample. All of 

the micron sized defect feature are summarized in Table 3.  

 

    The density of all samples were measure by Archimedes method to explore the relationship 

between the parameter and densification of the 3D printed alloy. The densification of the 3D 

printed samples was calculated according to the following formula: 

 

 = (s) ×   ,                                                                               (1) 
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where  and s are the density of the 3D printed sample and the theoretical density. The 

theoretical density of Al-Sc alloy is 2.67 g/cm3. The measured density and calculated 

densification of the samples built by the three parameter are summarized in Table 3. 

 

    According to the observation of micron-sized defects and the density measurement results, 

the pore size, pore shape, density and calculated densification of each samples are quite 

different. The difference in pore size and density came from the different interaction between 

the nearby melting pool, as shown in Fig. 5. In the sample built by optimized parameter (Al-

Sc-O), there existed perfect combination between the melting pool size and distance, as 

shown in Fig. 5(a). And thus almost no defects were observed in the Al-Sc-O samples. In 

comparison with the optimized parameter, the Al-Sc-L parameter exhibits same energy input 

(same scan speed and power), and thus the melting pool size should be almost the same with 

the optimized sample. However, since the hatch distance is larger than the optimized one and 

thus the overlapping between the nearby melting pool is less than that in optimized sample 

and thus there existed pore/unmelted region between melting pools nearby, as shown in Fig. 

5(b). On the other hand, Al-Sc-S parameter exhibits less energy input (same power but lower 

scan speed). Hence, the energy density and melting pool size are smaller than that in 

optimized sample. Therefore, even the hatch distance in Al-Sc-S parameter is the same as that 

in Al-Sc-O parameter, there existed more and larger pores/unmelted regions between melting 

pools nearby, as shown in Fig. 5(c). 

 

    Due to the difference in the melting pool size and interaction between the melting pool 

nearby, the pore size and densification of these three samples are quite different and it may 

affect the mechanical properties following the concept of Gibson and Ashby model and stress 

concentration. In general, the densification would affect the Young's modulus and yield stress 

following Gibson and Ashby model(Gibson and Ashby 1982) which shown below: 

 

 E/Es = C1(ρ ρs⁄ )2                                                                           (2) 

 σpl σs = C2(ρ ρs⁄ )1.5⁄  ,                                                                    (3) 

 

where E is the elastic modulus of the porous structure, Es is the elastic modulus of the open-

cell edge (ligament) material, pl is the plateau stress of the porous material, s is the yield 

strength of the ligament material,  is the density of the fabricated materials, s is the 

theoretical density, and C1 and C2 are the constant varied with different materials and porous 

structure. 
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    On the other hand, the pore size and shape would affect the elongation following the stress 

concentration effect. The stress concentration factor (Kt) is used to quantify how concentrated 

the stress is in a material, and it is calculated by the formula below(W.D. Pilkey 2008):  

 

        Kt = 1 + 2√
𝑑

𝜌
                                                                                 (4) 

 

where d is the depth of the notch and  is the radius of the notch. And the elongation of tested 

materials usually decreases with the increasing of Kt. The effect of Gibson and Ashby model 

and stress concentration on mechanical properties will be discuss in section 3.4. 

 

3.3 Observation of Microstructure Feature 

 

    The EBSD images of the samples built by the three parameters were shown in Fig. 6. The 

trace of melting pools can be obviously observed in the EBSD results. According to the 

EBSD results, there were micron-sized and submicron-sized grains due to the temperature 

gradient and cooling rate difference from the surface to inside of the melting pools. The 

submicron-sized grains showed up in darker regions and the micron-sized grains showed up 

in the regions with colors. To clearly observe the grain size change due to the parameter 

change, the enlarged EBSD images had been taken, as shown in Fig. 7. The grain size and 

volume fraction of the micron-sized grains and submicron-sized grains were measured by line 

intercept method (over 30 lines of each samples), and the results were summarized in Table 4. 

In the Al-Sc-O samples, the grain size and volume fraction of micron-sized grains was about 

2.16 m and 51.04 % while the grain size and volume fraction of submicron-sized grains was 

0.40 m and 48.96 %. In the Al-Sc-L samples, the grain size and volume fraction of micron-

sized grains was about 2.40 m and 65.00 % while the grain size and volume fraction of 

submicron-sized grains was 0.40 m and 35.00 %. In the Al-Sc-S samples, the grain size and 

volume fraction of micron-sized grains was about 3.72 m and 78.89 % while the grain size 

and volume fraction of submicron-sized grains was 0.44 m and 21.11 %. The average grain 

size of the three samples was calculated by the grain size and volume fraction of micron-

sized grains and submicron-sized grains, which were 1.30 m (Al-Sc-O sample), 1.70 m 

(Al-Sc-L sample), and 3.03 m (Al-Sc-S sample), respectively. 

 

    In the EBSD and grain size measurement results, the grain size of micron-sized grains of 

Al-Sc-O sample was much smaller than the other two samples. Meanwhile, the volume 

fraction of submicron-sized grains of Al-Sc-O sample was much higher than the other two 

samples. The smaller grain size of micron-sized grains and higher volume fraction of 

submicron-sized grains were cause by the higher cooling rate during the process according to 
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the remelting zone size and spacing affected by 3D printing parameter. The Schematic 

illustration of the relationship between the parameters, remelting zone size and spacing of the 

three samples is shown in Fig. 8. In Fig. 8(a), there existed larger remelting zone size and 

thus wider the area around the surface of melting pool where contacted the lateral and vertical 

printed solid parts with higher thermal conductivity and reduced the contacted area with the 

powders with lower thermal conductivity.  

 

    In Fig. 8(b), there exists smaller lateral remelting zone due to the 200% hatch distance in 

Al-Sc-L sample, and thus the contact area with the higher thermal conductivity solid parts is 

reduced compared to the Al-Sc-O sample. Hence, cooling rate in Al-Sc-L sample was lower 

than the Al-Sc-O sample and thus the grain size of the micron-size grains was larger in Al-Sc-

L sample. Moreover, the spacing of the remelting zone is much higher in Al-Sc-L sample than 

in Al-Sc-O sample, since the submicron-sized grains showed up on the cooled surface of 

melting pool, higher spacing of the remelting zone or larger hatch distance means that the 

repeat-occurrence number within a fixed distance of the submicron-sized region in Al-Sc-L 

sample is less than that in Al-Sc-O sample. Therefore, the volume fraction of the submicron-

sized grains in Al-Sc-L sample is less than that in Al-Sc-O sample.  

 

    In Fig. 8(c), there exists smallest lateral and vertical remelting zone due to the smaller 

melting pool in Al-Sc-S sample. Hence, the contact area with the higher thermal conductivity 

solid parts in Al-Sc-S sample is smallest compared the other two samples. Therefore, the 

cooling rate of Al-Sc-S sample was lowest and thus the grain size of the micron-size grains 

was largest. Meanwhile, the repeat-occurrence number within a fixed distance of the 

submicron-sized region in Al-Sc-S sample is less than that in Al-Sc-O sample as well. And it 

means that the fraction of the submicron-sized grains in Al-Sc-S sample is less than that in 

Al-Sc-O sample. Due to the Al-Sc-S sample exhibits smallest contact area with solid parts 

and less repeat-occurrence number of the submicron-sized region, the average grain size was 

higher than the other two samples. 

 

3.4 Mechanical Properties 

 

    To explore the relationship between parameter-microstructure-performance, all of the 

samples were tested by universal testing machine under tensile mode under a slow strain rate 

of 1x10-4 s-1. The strain-stress curves of the samples with three different parameter are shown 

in Fig. 9. All the 3D printed Al-Sc samples were tested for at least 3 times until mechanical 

fracture occurred. The mechanical properties with yield stress (0.2% offset), Young’s 

modulus and elongtion are listed in Table 5. 
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    From Fig. 9 and Table 5, it can be seen that all of the samples exhibit similar Young’s 

modulus but different in yield stress and elongation. The Young’s modulus only scatters 

marginally from 72.07 to 72.11 GPa. According to Gibson and Ashby model, Young’s 

modulus can be affected by the variation of densification. In Table 3, the densification of 

these high dense samples only scatters marginally from 98.16% to 99.85%, it means the 

difference in densification is only 1.69% and thus the Young’s modulus variation followed 

Gibson and Ashby model is very limited. 

 

    The yield stress increases from 269.04, 282.56, to 286.94 MPa (an increment of 5.0% and 

6.7%) with 3D printing parameter variation from Al-Sc-S, Al-Sc-L, to Al-Sc-O, respectively. 

Following the Gibson and Ashby model, yield stress can be affected by the variation of 

densification as well. However, the yield stress affected by densification should be very 

limited since the densification difference is only 1.69%. On the other hand, the yield stress 

can also be affected by grain size followed the empirical relationship of Hall-Petch effect 

which shown below (Kim et al. 2013; Sanaty-Zadeh 2012): 

 

 𝜎𝐺𝑅 = 𝜎0 +
𝑘𝑦

√𝑑
  (5) 

 

where σGR is the strength of materials, σ0 is the yield strength of a single crystal in absence of 

any strengthening mechanisms except the solid solution effect, d the average grain size and ky 

is a constant depending on the materials. Meanwhile, in Table 4, the grain size decreases 

from 3.03 m, 1.70 m, to 1.30 m with 3D printing parameter variation from Al-Sc-S, Al-

Sc-L, to Al-Sc-O. The grain size change is obvious and thus it should be the key factor that 

affects the variation of yield stress of the 3D printed Al-Sc alloys in this study. 

 

    The elongation of these samples built by different parameter increases from 11.59%, 

14.44%, to 18.39% (an increment of 24.6% and 58.7%) with 3D printing parameter variation 

from Al-Sc-S, Al-Sc-L, to Al-Sc-O, respectively. The obviously variation in elongation 

should be contributed by the pore size and shape followed the stress concentration factor. In 

Table 3, the max pore size decreases from 305.1, 71.9, to 31.4 m (size differences are about 

424.3% and 971.7%) with 3D printing parameter variation from Al-Sc-S, Al-Sc-L, to Al-Sc-O, 

respectively. The serious difference in pore size would serious affect the deformation stability 

during the plastic deformation. Meanwhile, the pore shape changes from irregular, spherical 

and irregular, to near spherical with 3D printing parameter variation from Al-Sc-S, Al-Sc-L, 

to Al-Sc-O, respectively. According to the concept of stress concentration effect, the radius of 

the notch would greatly affect the stress concentrated at the tip of notch. And thus the stress 

concentration factor of Al-Sc-S sample is much larger than that of Al-Sc-O sample on the 
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basis of great difference in pore size (971.7% in difference) and shape (irregular to near 

spherical).  

 

4. Conclusion 

    The Al-Sc alloy were successfully fabricated by 3D printing via the laser powder bed 

fusion (LPBF) technology. Meanwhile, the relationship between parameter-microstructure-

performance was explored. The following conclusions can be drawn.   

 

1. The defect and microstructure evolution related to the interaction of melting pool can be 

predicted  and controlled by change the process parameter. 

2. The pore size (31.4 to 305.1 m), shape (near spherical to irregular), and densification 

(98.16 to 99.85%) can be varied by changing the melting pool size and overlapping 

between melting pools nearby. According to stress concentration effect, such difference 

would affect the ductility of printed materials serious (18.39 to 11.59%). 

3. The grain size difference of as built samples can be large as 233.1% (1.30 to 3.03 m) via 

change the remelting zone size and spacing. According to Hall-Petch effect, the yield 

stress of printed materials would be affected (286.96 to 269.04 MPa). 
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Table 1  Summary of chemical composition of the pre-alloyed Al-Sc powder. 

 

Element Al Mg Sc Mn Zr Fe Si other 

wt.% balance 4.49 0.71 0.51 0.27 0.07 0.03 <0.02 

 

 

 

 

Table 2.  Summary of the three 3D printing parameters used in this study. 

 

Sample 
Laser power  

(W)  
Scan speed  

(mm/s)  
Hatch Distance 

(mm)  
Layer thickness 

(mm)  
E=P/vht  
(J/mm3)  

Al-Sc-O 200  500  0.05  0.03  266.7  

Al-Sc-L 200  500  0.1  0.03  133.3  

Al-Sc-S 200  1000  0.05  0.03  133.3  

 

 

 

 

Table 3.  Summary of defect size, defect feature, measure density, and calculated 

densification of the 3D printed Al-Sc samples with different processing parameters. 

 

Sample 
Max pore size 

(m) 
Pore Shape 

Density 

(g/cm3) 
Densification  

(%) 

Al-Sc-O 31.4 spherical 2.666 99.85 

Al-Sc-L 71.9 
spherical and 

irregular 
2.658 99.55 

Al-Sc-S 305.1 irregular 2.621 98.16 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.  The grain size and volume fraction of micron-sized grains and submicron-sized 



13 
 

grains of the 3D printed Al-Sc samples with different processing parameters. 

 

Sample 

Micron-sized grains Submicron-sized grains Average  

grain size  

(m) 
Grain size 

(m) 

Volume fraction 

(%) 

Grain size 

(m) 

Volume fraction 

(%) 

Al-Sc-O 2.16  51.04  0.40  48.96  1.30  

Al-Sc-L 2.40  65.00  0.40  35.00  1.70  

Al-Sc-S 3.72  78.89  0.44  21.11  3.03  

 

 

 

 

Table 5.  Summary of tension mechanical properties of the 3D printed Al-Sc samples with 

different processing parameters. 

 

Sample 
Young’s modulus 

(GPa) 
Yield stress (0.2% offset) 

(MPa) 

Elongation 

(%) 

Al-Sc-O 72.07±0.01  286.94±6.23  18.39±2.76  

Al-Sc-L 72.11±0.06  282.56±18.87  14.44±2.22  

Al-Sc-S 72.07±0.06  269.04±15.72  11.59±1.72  
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Fig. 1.  Schematic illustration of the 3D printed Al-Sc alloy specimens for parameter 

development. 

 

 

 
Fig. 2.  Schematic illustration of the grinded tensile specimen of the 3D printed Al-Sc alloy, 

the size and geometry of the sample is referred to ASTM E8 standard. 
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Fig. 3. SEM images of (a) Al-Sc-O sample, (b) Al-Sc-L sample with <100 m sized pores, 

and the (c) Al-Sc-S sample with >100 m sized irregular pores. 

 

 

 
 

Fig. 4. SEM images of (a) Al-Sc-O with <50 m sized near spherical pores, (b) Al-Sc-L 

sample with <100 m sized irregular pores, and the (c) Al-Sc-S sample with >100 m sized 

irregular pores and unmelted powder in the pores. 

 

 

 
 

Fig. 5. Schematic illustration of the relationship between the pore formation and melting pool 

size and distance affected by process parameters of (a) Al-Sc-O with optimized parameter, (b) 

Al-Sc-L with same scan speed and 200% hatch distance compared to optimized parameter, 

and the (c) Al-Sc-S with 200% scan speed (smaller melting pool size) and same hatch 

distance compared to optimized parameter. 
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Fig. 6. EBSD images of (a) Al-Sc-O sample, (b) Al-Sc-L sample, and the (c) Al-Sc-S sample, 

and the results show that the Al-Sc-O sample exhibits highest volume fraction of submicron-

sized grain. 

 

 

 
 

Fig. 7. Enlarged EBSD images focused on the micron-sized grain regions of (a) Al-Sc-O 

sample, (b) Al-Sc-L sample, and the (c) Al-Sc-S sample, and the results show that the micron-

sized grain size of Al-Sc-O sample is smaller than the other two samples. 

 

 

 
 

Fig. 8. Schematic illustration of the relationship between the parameters, remelting zone size 

and spacing of (a) Al-Sc-O with optimized parameter, (b) Al-Sc-L with same scan speed and 

200% hatch distance compared to optimized parameter which results in smaller lateral 

remelting zone and larger spacing between two nearby melting pool, and the (c) Al-Sc-S with 

200% scan speed and same hatch distance compared to optimized parameter which might 

results in smallest lateral and vertical remelting zone at the same time. 
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Fig. 9.  Tensile stress-strain curves of the 3D printed Al-Sc specimens fabricated by LPBF 

with different parameters.  

 

 


