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Investigation of Compatibility Between Design and Additively 

Manufactured Parts of Functionally Graded Porous Structures 

Highlights 

❖ Functionally graded porous structures were produced using the selective laser melting (SLM). 

❖ Functionally graded porous structures were obtained by changing the unit cell size. 

❖ Porosity measured by Archimedes and dry weighing method. 

❖ Design and production differences were revealed with micro-computed tomography (micro-CT). 

❖ Column thicknesses of specimens increased in the range of 150-300 μm compared to the design. 

 

Graphical Abstract 

In this study, the design and production differences of functional graded porous structures produced by additive 

manufacturing were investigated. It was observed that the columns of the specimens became thicker compared to the 

design, sagging occurred on the horizontal columns and the porosity decreased. 

 

 

Figure. Molten material sagging on the horizontal columns of functionally graded porous 

structures 

 

Aim 

In this study, it is aimed to investigate the deviations for the porosity level of the Ti-6Al-4V functionally graded porous 

structures for three different cell structure types.  

Design & Methodology 

Nine different specimens were designed using three different unit cell structures and three different column 

thicknesses. Functionally graded porous structures were obtained by changing the unit cell size. Specimens produced 

by selective laser melting (SLM) and scanned by micro-CT. Porosity ratios were measured by Archimedes and dry 

weighing methods. After that the findings were compared with the design values. 

Originality 

Investigation of whether different unit cell structures and column thicknesses cause design and manufacturing 

differences in additive manufacturing. 

Findings 

An increase of 150-300 μm was observed on the column thicknesses of all functionally graded porous structures. 

Porosity of the manufactured parts was deviated by 5.71%-10.54% for cubic, 8.59%-12.39% for octahedroid, and 

13%-16.49% for diamond compared to the design values. 

Conclusion  

It was concluded that the cell structure and column thickness do not influence the thickening of the column, but the 

cell structure influences the sagging of the columns. Porosity is affected by column thickening and sagging. 

Declaration of Ethical Standards 
The authors of this article declare that the materials and methods used in this study do not require ethical committee 

permission and/or legal-special permission. 
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 ABSTRACT 

In this study, deviations for the porosity level of the Ti-6Al-4V functionally graded porous structures for three different cell 

structures were investigated. For this purpose, functionally graded porous structures are designed and produced by selective laser 

melting (SLM). It is also aimed to investigate the effects of unit cell structure, unit cell size, and column (strut) thickness on the 

porosity deviation level. The specimens were scanned at micro-computed tomography (micro-CT) to determine the structure 

dimensions after production. According to the results obtained from micro-CT, an average increase of 150-300 μm was observed 

on the column thicknesses of all functionally graded porous structures. It has been observed that the horizontal columns of cubic 

and octagonal structures have sagging due to metal melting during production. It has been determined that the porosity of the 

manufactured parts was deviated between 5.71%-10.54% for cubic, 8.59%-12.39% for octahedroid, and 13%-16.49% for diamond 

structures compared to the design values. 

Keywords: Additive manufacturing, porosity, functionally graded structure, micro-CT. 

İşlevsel Geçişli Gözenekli Yapıların Tasarımı ve 

Eklemeli Üretilen Parçalar Arasındaki Uyumluluğun 

Araştırılması 

ÖZ 

Bu çalışmada, Ti-6Al-4V geçişli gözenekli yapıların üç farklı birim hücre yapısı için gözeneklilik oranlarındaki sapmalar 

araştırılmıştır. Bu amaçla, işlevsel geçişli hücresel yapılar tasarlanmış ve seçici lazer ergitme yöntemiyle üretilmiştir. Ayrıca birim 

hücre yapısının, birim hücre boyutunun ve kolon (dikme) kalınlığının gözenek boyutlarındaki sapma seviyesi üzerindeki etkilerinin 

araştırılması amaçlanmıştır. Numuneler, üretim sonrası yapı boyutunu belirlemek için mikro bilgisayarlı tomografide (mikro-BT) 

taranmıştır. Mikro-BT'den elde edilen sonuçlara göre, geçişli gözenekli tüm hücre yapılarının kolon kalınlık değerlerinde ortalama 

150-300 μm arasında değişen artışlar gözlenmiştir. Kübik ve sekizyüzlü yapıların yatay kolonlarında üretim sırasında ergiyen metal 

sebebiyle sarkmalar oluştuğu gözlenmiştir. Üretilen parçaların gözenekliliği, tasarım değerleri ile karşılaştırıldığında kübik yapıda 

%5.71-%10.54, sekizyüzlü yapıda %8.59-12.39 ve elmas yapıda %13-16.49 aralıklarında değişen oranlarda sapmaların oluştuğu 

tespit edilmiştir. 

Anahtar Kelimeler: Eklemeli üretim, gözeneklilik, işlevsel geçişli yapı, mikro-BT.

1. INTRODUCTION 

There is an increased interest to produce open porous 

metallic lattice structures with regular unit cell 

architectures by additive manufacturing processes, which 

were impossible or difficult to manufacture using 

conventional techniques. Porous metal structures have 

the potential to provide lightweight and advanced or 

multifunctional properties. One of the production 

methods of porous structures is SLM. The gradually 

increased or decreased cell size can be applied by using 

this production method. Graded porous structures can 

provide superiority in terms of lightness, cost, and time 

for some applications such as medical implant and 

aerospace. There are several important parameters in the 

design of the graded porous structure. These can be listed 

as unit cell structure, unit cell size, and column thickness. 

These parameters significantly affect the porosity and the 

density of the structure. Among the design of the graded 

porous structure and the produced specimen, there are 

some geometric discrepancies mentioned in the 

literature, which result from the features of 3D printers 

using SLM technology. It is important to know these 

deviations for achieving the targeted structural values at 

the design stage. *Sorumlu yazar (Corresponding Author)  
e-mail :  cagrituzemen@gazi.edu.tr 
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Ti-6Al-4V is an important titanium alloy that combines 

strength and ductility. Therefore, Ti-6Al-4V alloy is 

frequently used in the production of porous structures [1–

5]. Ti-6Al-4V alloy has excellent corrosion resistance 

due to the formation of an oxide layer on its surface. Also, 

it is preferred especially in medical implant applications 

because of its good biocompatibility and biomechanical 

properties [6–9]. The porous structures are used to 

improve thermal insulation properties, reduce weights, 

noise, and vibration in automotive and aerospace 

industries, meet mechanical properties close to bone 

tissue and assist in osseointegration of medical implants 

[10]. The necessity of maintaining open porosity is an 

advantage for applications such as bone replacement or 

filtration. Although this situation leads to reduction in 

theoretically achievable strength and stiffness. They are 

also used in the manufacture of composite parts and 

various filter applications [11]. 

Some researchers have stated that the minimum column 

thickness that can be produced by additive manufacturing 

technology is over 200-300 μm [12–14]. Mazur et al. 

were investigated the producibility of porous structures 

by SLM and a series of porous structures were produced 

from Ti-6Al-4V alloy material and it was stated that the 

minimum reproducible column thickness was 0.3 mm 

and the optimum unit cell size was 2-3 mm. They also 

stated that the porosity of the porous structures produced 

was higher in the range of 20-30% compared to the 

values obtained in the design, and that was due to 

additional structure formation and geometric deviations 

caused by the adherence of powder particles observed in 

the specimens [12]. Tsai et al. reported that column 

thickness of 400 μm showed the best biomechanical 

performance [15]. When choosing the column thickness, 

attention should be paid to the problems arising from the 

production variables of the 3D printer to be used. It is 

stated that the power of the laser, the diameter of laser 

focus, scanning speed, and scanning strategy used in the 

production cause the column thickness value to be higher 

in the production compared to the design [16–18]. These 

production parameters have been observed to cause 

expansion of the melt pool due to heat transfer between 

adjacent columns, and this expansion leads to increased 

column thickness as it increases powder adhesion on the 

columns [4, 17]. Due to the angles and dimensions of the 

structure elements, manufacturing defects can be 

observed in the production of different lattice structures 

[19, 20]. The increase in column thickness during 

production relative to the design value can cause in the 

closure of the open pores and consequently a reduction in 

the porosity of the lattice structure [17, 21]. Therefore, 

the column thickness should be kept under control. It has 

been determined that the high energy generated during 

the application of the laser on the powder causes splashes 

in the melt pool and these splashes disrupt the surface 

structure of the part and reduce the surface quality [22]. 

It has also been observed that this high energy creates 

heat diffusion between the columns and unit cells [17]. 

Heat diffusion causes the melt pool to grow, causing 

thickening of adjacent columns [16, 18, 23, 24]. The 

deviation values caused by these increases were found to 

be 150-200 μm [17, 23–25]. Since the geometric 

deviations caused by the production parameters cannot 

be predicted clearly, the open pores formed between the 

unit cells can cause contraction or even closure. Increases 

in column thickness and contraction in open pores cause 

a decrease in the porosity of porous structures. It has been 

reported that this decrease in the porosity reaches up to 

23% [12, 26–28]. Bagheri et al. have been focused on the 

orientation angles of the columns to reduce dimensional 

mismatches between the design and production of porous 

structures made of Ti-6Al-4V alloy material by SLM. 

According to the study, a 60% deviation occurred due to 

high melting according to design values in horizontal 

columns to the production platform. They stated that 

dimensional deviation decreases as the angle of the 

columns goes from horizontal (0º) to vertical (90º). They 

emphasized that the reproducible column thickness value 

is over 200 μm [29]. 

In this study, it is aimed to investigate the deviations for 

the porosity level of graded porous structures have three 

unit cell structures. For this purpose, graded porous 

structures were designed and produced by SLM. It is also 

aimed to investigate the effects of unit cell structure, unit 

cell size, and column thickness on porosity deviation 

value. For this purpose, nine different design was created 

for the cubic, diamond, and octahedroid unit cell 

structure with using the same unit cell size and different 

column thicknesses. Design and experimental results 

were compared and discussed to determine the effects of 

cell structures on the deviation of porosity level.  

 

2. MATERIAL AND METHOD 

In this study, a total of nine graded porous structures with 

three different cell structures and three different column 

thicknesses for each cell structure were designed using 

the “3-Matic” software. This structure is a cylinder with 

a diameter of 21 mm and a length of 30 mm (Figure 1a). 

Diamond, cubic, and octahedroid were used as a unit cell 

structure. Three different structures were designed for 

each unit cell structure using column thicknesses of 0.3 

mm, 0.5 mm, and 0.7 mm. Column thickness refers to the 

diameter of each rod in the unit cell. To form a graded 

porous structure, three different unit cell sizes were 

selected with increasing dimensions. Unit cell size refers 

to the length of an edge of the smallest unit cube to 

enclose each unit cell structure. Unit cell sizes were 1.8 

mm, 2 mm, and 2.2 mm, respectively, from inside to 

outside (Figure 1b). Thus, variable porous structure with 

decreasing density from inside to outside was obtained. 

Dimensional selections in these designs were made to 

obtain values close to the porosity in human bones [3, 13, 

15, 27, 30–32].The use of different unit cell sizes to form 

graded porous structures creates irregularities between 

transitions. These problems were solved by using 

auxiliary columns. For this study, a total of nine 

specimens were designed with three different unit cell 
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structures each of which has three different column 

thicknesses of 0.3 mm, 0.5 mm, and 0.7 mm. 

To produce specimens by SLM, the support structure 

must be added. However, since the designed structures 

are porous, support cannot be added. To overcome this 

limitation, a shell has been added to the designs. The 

designed graded porous structures were sliced into 30 μm 

layers in the 3D printer's interface software (Magics RP), 

followed by the addition of supports. The designed 

graded porous structures were produced from Ti-6Al-4V 

(ELI grade 23) titanium alloy powder, as specified in 

ASTM F 136-02a [33]. SLM was used as an additive 

manufacturing technology. The production of 

functionally graded porous structures (Figure 2) was 

done by the Concept Laser M2 model 3D metal printer. 

Production parameters are given in Table 1. The 

production process was carried out under argon gas 

atmosphere. Graded porous structures were not treated 

with post-processes such as sandblasting or sanding. 

Only compressed air was sprayed to remove any residual 

powder and then held in an ultrasonic cleaner with 

purified water for 30 minutes. 

Micro-computed tomography (micro-CT) and density 

measurement were applied to compare the compatibility 

of the produced graded porous structures with the design. 

Various geometric and morphological analyses can be 

performed by converting the data obtained from micro-

CT to 3D form. Micro-CT has performed with Bruker 

Skyscan 1272 scanner at Hacettepe University Advanced 

Technologies Application and Research Center. The 

scans were performed at 100 kV voltage and 100 μA 

current. Specimens were scanned by rotating 360º with 

0.6º scanning steps. Approximately 10 mm portions of 

the specimens were scanned vertically from the middle 

of the specimens. An average of 750 cross-sectional 

photographs were obtained for each specimen. The cross-

sectional thickness of the scans for all samples is in the 

range of 15-21 μm. The obtained section images were 

reconstructed and corrected. The edited 2D section 

images were converted to 3D in Mimics software. Unit 

cell size and column thickness measurements were made 

from these images. Measurements and design data were 

compared. 

For density measurement, porosity was calculated by 

using Archimedes [34–39] and dry weighing method, and 

deviations were determined by comparing with the 

porosity obtained in the design. Densities of the 

specimens were measured by Shimadzu SMK 401 in the 

Powder Metallurgy Laboratory of Gazi University. For 

Archimedes measurements, samples were first weighed 

in air (Figure 3a) and then in water (Figure 3b). The water 

temperature during weighing was measured at 14℃. 

Since the density of the water depends on the 

temperature, the temperature during the measurements is 

important. Each of the specimens was covered with 

plastic film to prevent water from entering the open 

pores. The weight of each film-covered sample was 

measured on the density kit of the device, first in the air 

and then in water. The air weight of the films was 

subtracted from the air weight of each film-covered 

specimen and the net weight of the specimen was 

measured. After calculating the weights and densities of 

the specimens, it was aimed to calculate the porosity in 

Table 1. Production parameters 

Ti-6Al-4V powder shape and 

diameter 
Density of powder 

Production layer 

thickness 

Laser power 

(Max.) 

Laser scanning 

speed (Max.) 

Diameter of laser 

focus 

Spherical 10-45µm 4.43 gr/cm3 30 µm 200 W 1800 mm/s 150 µm 

 

 
Figure 3. Weighing the specimens in air (a) and water (b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Specimen dimensions and cross-sectional view of the 

functionally graded porous structure. Dimensions 

within the region (1.8;2;2.2 mm) indicate the unit cell 

sizes in the relevant region 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Post-production images of functionally graded 

porous structures 
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the structures and these experimental data were 

compared with the values obtained from the design. 

 

3.  RESULT AND DISCUSSION 

3.1. Micro-Computed Tomography Findings 

Produced nine graded porous structures were scanned by 

micro-CT and the results were examined separately 

according to unit cell structures. 

3.1.1. Cubic structures 

A micro-CT image of a 0.3 mm column thickness 

specimen with a cubic unit cell structure was given in 

Figure 4. The area between green and blue was defined 

as layer 1 transition, the area between blue and red was 

defined as layer 2 transition, and the area within red was 

defined as layer 3 transition. Figure 4 shows the unit cell 

size, column thickness, and pore size values of the graded 

porous lattice structure. Design measures; unit cell size 

(a) 2.2; 2; 1.8 mm (from outside to inside, respectively), 

pore size 1.9; 1.7; 1.5 mm (from outside to inside, 

respectively) and column thickness (d) 0.3 mm. 

In Figure 5 and Figure 6, micro-CT images of the 

specimens having column thicknesses of 0.5 mm and 0.7 

mm are given, respectively. When the cross-sectional 

images of the graded porous cubic porous structures were 

examined, column thickness increases were observed up 

to 200 μm. These increases were observed to occur 

independently of the unit cell size. No significant change 

in unit cell size was noticed. Due to the increase in 

column thickness, pore sizes within the unit cells were 

decreased by the amount of increase in column thickness, 

or very close. 

 

 

Figure 4. Micro-CT images of the graded porous cubic 

structure (d=0.3 mm) 1st layer transition (a=2.2 

mm) (a), 2nd layer transition (a=2 mm) (b), 3rd 

layer transition (a=1.8 mm) (c) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Micro-CT images of the graded porous cubic 

structure (d=0.5 mm) 1st layer transition (a=2.2 

mm) (a), 2nd layer transition (a=2 mm) (b), 3rd 

layer transition (a=1.8 mm) (c) 
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3.1.2. Octahedroid structures 

A micro-CT image of the specimen with a column 

thickness of 0.3 mm from the specimens produced using 

the octahedroid unit cell structure is given in Figure 7. 

The area between green and blue is defined as layer 1 

transition, the area between blue and red is defined as 

layer 2 transition, and the area within red is defined as 

layer 3 transition. Figure 7 shows the unit cell size, 

column thickness, and pore size values of the graded 

porous lattice structure. Design measures; unit cell size 

(a) 2.2; 2; 1.8 mm (from outside to inside, respectively), 

pore size 1.9; 1.7; 1.5 mm (from outside to inside, 

respectively) and column thickness (d) 0.3 mm. In Figure 

8 and Figure 9, micro-CT images of the specimens 

having column thicknesses of 0.5 mm and 0.7 mm are 

given, respectively. When the cross-sectional images of 

the graded porous octahedroid porous structures were 

examined, column thickness increases were observed up 

to 200 μm, like the cubic structure. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Micro-CT images of the graded porous cubic 

structure (d=0.7 mm) 1st layer transition (a=2.2 

mm) (a), 2nd layer transition (a=2 mm) (b), 3rd 

layer transition (a=1.8 mm) (c) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Micro-CT images of the graded porous octahedroid 

structure (d=0.3 mm) 1st layer transition (a=2.2 mm) 

(a), 2nd layer transition (a=2 mm) (b), 3rd layer 

transition (a=1.8 mm) (c) 
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3.1.3. Diamond structures 

A micro-CT image of the specimen with a column 

thickness of 0.3 mm from the specimens produced using 

the diamond unit cell structure is given in Figure 10. The 

area between green and blue is defined as layer 1 

transition, the area between blue and red is defined as 

layer 2 transition, and the area within red is defined as 

layer 3 transition. Figure 10 shows the unit cell size, 

column thickness, and pore size values of the graded 

porous lattice structure. Design measures; unit cell size 

(a) 2.2; 2; 1.8 mm (from outside to inside, respectively), 

pore size 1.9; 1.7; 1.5 mm (from outside to inside, 

respectively) and column thickness (d) 0.3 mm. In Figure 

11 and Figure 12, micro-CT images of the specimens 

having column thicknesses of 0.5 mm and 0.7 mm are 

given, respectively. When the cross-sectional images of 

the graded porous diamond porous structures were 

examined, column thickness increases were observed up 

to 300 μm. 

 

 

 

 

Figure 8. Micro-CT images of the graded porous octahedroid 

structure (d=0.5 mm) 1st layer transition (a=2.2 mm) 

(a), 2nd layer transition (a=2 mm) (b), 3rd layer 

transition (a=1.8 mm) (c) 

 

 

 

 

 

 

 

 

 

 

Figure 9. Micro-CT images of the graded porous octahedroid 

structure (d=0.7 mm) 1st layer transition (a=2.2 mm) 

(a), 2nd layer transition (a=2 mm) (b), 3rd layer 

transition (a=1.8 mm) (c) 
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Figure 10. Micro-CT images of the graded porous diamond structure (d=0.3 mm) 1st layer transition (a=2.2 mm) (a), 2nd 

layer transition (a=2 mm) (b), 3rd layer transition (a=1.8 mm) (c) 
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Figure 11. Micro-CT images of the graded porous diamond structure (d=0.5 mm) 1st layer transition (a=2.2 mm) (a), 2nd 

layer transition (a=2 mm) (b), 3rd layer transition (a=1.8 mm) (c) 
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Figure 12. Micro-CT images of the graded porous diamond structure (d=0.7 mm) 1st layer transition (a=2.2 mm) (a), 2nd 

layer transition (a=2 mm) (b), 3rd layer transition (a=1.8 mm) (c) 
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2D scanning images obtained from the Micro-CT were 

converted to 3D. It was determined that the sagging of 

the molten material occurred due to the dispersion of the 

molten metal in places parallel to the production platform 

of the structure which could not be supported (Figure 13). 

Increases of column thicknesses up to 650 μm, 500 μm 

and 500 μm were observed in the specimens having 0.3 

mm, 0.5 mm and 0.7 mm column thicknesses 

respectively on the horizontal axis of the sagging areas. 

In octahedroid structures, just as in cubic structures, the 

sagging occurred due to the dispersion of the molten 

metal on columns parallel to the production base of the 

structure which could not be supported (Figure 14). 

Increases of column thicknesses up to 500 μm, 450 μm, 

and 550 μm were observed in the specimens having 0.3 

mm, 0.5 mm, and 0.7 mm column thicknesses 

respectively on the horizontal axis of the sagging areas. 

In diamond structures, the sagging of the molten material 

caused by the dispersion of the molten metal is much less 

compared to cubic and octahedroid unit cell structures 

(Figure 15). These reductions are thought to occur 

because the columns of the diamond unit cell structure 

are positioned at an angle to the production platform. 

According to the results of micro-CT, dimensional values 

obtained in production were always larger than 

dimensional values in design. To increase the 

controllability of the parts with high precision, it is 

necessary to make changes in the production parameters. 

 
Figure 13. Molten material sagging on the horizontal axis of (a) 0.3 mm (b) 0.5 mm and (c) 0.7 mm column thickness samples 

with the graded porous cubic porous structure 

 

 
Figure 14. Molten material sagging on the horizontal axis of (a) 0.3 mm (b) 0.5 mm and (c) 0.7 mm column thickness samples 

with graded porous octahedroid porous structure 

 

   
Figure 15. Molten material sagging on the horizontal axis of (a) 0.3 mm (b) 0.5 mm and (c) 0.7 mm column thickness samples 

with the graded porous diamond porous structure 
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The reason for these differences between the design and 

production of column thicknesses is the production 

parameters (laser power, scanning speed, scanning 

strategy, etc.) of the 3D metal printer. Factors such as 

powder adhesion and spattering reduce dimensional 

accuracy [16, 18, 27, 40, 41]. Dimensional expansion of 

column thickness of all graded porous structures 

occurred in the range of 150-300 μm compared to the 

design. Decreases in pore sizes of porous structures with 

increasing column thickness were observed as much as 

the amount of increase in column thickness. It has been 

found that these increases occur independently of the unit 

cell size, which also means that the increase in the 

column thickness is independent of being graded. Molten 

material sagging up to 550 μm was observed in the 

thickness of the columns parallel to the production 

platform of cubic and octahedroid porous structures. In 

the diamond graded porous structure, no significant 

increase was observed in the sagging of the molten 

material due to the columns being closer to perpendicular 

to the production platform. 

Functionally graded porous structures porosities were 

calculated by using the Archimedes method. Also, the 

porosities were calculated by weighing the specimens dry 

on the density kit and all data were compared with the 

porosities obtained from the designs of the samples. The 

porosities of the functionally graded porous structures 

Table 2. Comparison of porosities and percentage error of functionally graded porous structures 

  Porosity (%) Deviation (%) 

Specimen 
Column thickness 

[mm] 
Design Archimedes Dry weighing 

Design-

Archimedes 

Design-Dry 

weighting 

Diamond 0.3 84.26 73.30 73.73 13 12.49 

Diamond 0.5 69.48 59.09 59.48 14.95 14.39 

Diamond 0.7 51.72 43.19 43.30 16.49 16.27 

Cubic 0.3 89.54 84.42 84.31 5.71 5.84 

Cubic 0.5 82.62 74.09 76.32 10.32 7.62 

Cubic 0.7 73.60 65.84 67.21 10.54 8.68 

Octahedroid 0.3 84.84 77.55 77.91 8.59 8.16 

Octahedroid 0.5 75.58 66.21 68.89 12.39 8.85 

Octahedroid 0.7 65.91 58.46 59.30 11.30 10.02 

 

 
Figure 16. Porosity ratios of functionally graded porous structures. Dimensions in parentheses indicate the column thickness   
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and the differences between measurement and design are 

given in Table 2. The results are presented graphically in 

Figure 16. 

It has been determined that the porosity (Archimedes) of 

the specimens was decreased by 5.71%-10.54% for 

cubic, 8.59%-12.39% for octahedroid, and 13%-16.49% 

for diamond compared to the design values. Porosities 

obtained by Archimedes and dry weighing methods are 

close to each other. According to the porosities obtained 

from the design data, the lower porosities in Archimedes 

and dry weighing methods were caused by the increase 

in column thickness because of molten material sagging. 

The lower porosities in Archimedes and dry weighing 

methods compared to the design were due to the column 

thickness increases described in the micro-CT results. It 

has been observed that 1 mm shells, which are used to 

hold the support material, cause more than a 6% 

reduction in the porosities of the structures. The auxiliary 

columns formed to allow the adherence of the graded 

porous structures to each other in layer transitions are 

effective in decreasing the porosities. Increases in 

column thickness resulted in deviations of less than 2% 

resulting in increases in specimen’s length and diameter 

of about 200 μm. The porosity deviation rates increase as 

column thickness increases in most specimens.  Since 

there are more columns in the diamond unit cell structure, 

the porosity of diamond is less than the other structures 

for the same column thicknesses. 

 

4.  CONCLUSION 

In this study, functionally graded porous structures were 

produced by SLM method using Ti-6Al-4V. A total of 

nine different specimens were produced using three 

different unit cell structures (diamond, cubic, and 

octahedroid) and three different column thicknesses (0.3, 

0.5, and 0.7 mm) for each cell structure. The differences 

between design and production were investigated using 

micro-CT, Archimedes and dry weighing methods. 

Micro-CT results reveal the increase in column thickness 

of the porous structures due to the sagging of the molten 

material. The average increase in column thickness was 

200 μm. This increase depended on the angle between the 

columns and the production platform. However, these 

increases occurred regardless of column thickness and 

unit cell structure. The increase in column thickness 

caused a decrease in porosity. The decrease in the 

porosities of the structures was determined by the 

application of Archimedes and dry weighing method. 

According to the results of the Archimedes method, the 

porosities of the graded porous structures were decreased 

by 5.71-10.54% for cubic, 8.59-12.39% for octahedroid, 

and 13-16.49% for diamond compared to design values. 

In future studies, variables such as laser focus diameter, 

laser power, and scanning strategy can be studied 

parametrically and the effect of each can be examined 

separately in order to control these increases and 

eliminate the differences between design and production. 
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