
Figure 7: Yield Strength Comparison 

Figure 8: Specific Strength Comparison 

Practical Application of Lattice Library 

Referring to the data provided by Zhang, et al. [5] for human bones, it was attempted to find proper 
lattices as the replacement for bones with the application in bio-implants. The proper volume 
fractions for each unit cell are defined by matching stiffness from Ref. [5] with associated ones in 
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our library of lattices (Fig. 6). The corresponding unit cell volume fractions are shown in Table 6. 
The dimension or size of the cells can be determined in further step of design. 

Table 6: Data for the lattices for the application in bone implants 

Bone 
Age/Gender 

(average) 

Elastic 
Modulus of 
Bone (Gpa) 

Volume Fraction 

FCC FCCZ F2CC F2CCZ BCC BCCZ F2BCC 

Fibula 
33 male 19.2 0.3854 0.1946 0.3093 0.2309 0.4503 0.3228 0.4435 

59 female 15.2 0.3548 0.1643 0.2794 0.1992 0.4146 0.2800 0.4022 

Humerus 
15-89 male 15.6 0.3581 0.1674 0.2826 0.2025 0.4185 0.2846 0.4067 

15-89 female 16.1 0.3621 0.1713 0.2865 0.2066 0.4232 0.2902 0.4121 

Tibia 20-89 male 25 0.4228 0.2344 0.3471 0.2722 0.4939 0.3762 0.4944 

Femur 20-89 female 17 0.3692 0.1783 0.2933 0.2138 0.4314 0.3000 0.4216 

Although it was possible to find proper unit cells for each application based on matching 
stiffness, the strength of the selected lattices is far below the corresponding bone (in order of 100 
MPa [5]). Considering the higher strength of lattices in tension (3-5 time larger), they are still 
significantly weak for this application (see Fig. 7). The proposed solution is changing material 
from 316L SS to Ti6Al4V which is widely-used standard material for biomedical implants, 
referring to Ref. [15]. 

Experiment 
 Computer aided manufacturing (CAM) files were generated at National Center for 

Additive Manufacturing Excellence (NCAME) for all seven lattices using Materialise Magics 
software and then sent to EOS 290 metal 3D printer to fabricate samples for testing. Due to some 
manufacturability issues Ti64 is considered for printing the samples and those simulations used 
for evaluation of FE models are to be repeated with appropriate material data, consequently. Figure 
9 shows some of the fabricated lattice compression samples and Figure 10 indicates the 
compression test setup. 

Fig. 9. Lattice compression samples designed and manufactured in NCAME 
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Fig. 10. Setup for compression test 

Tables 7 and 8 summarize the result obtained from two tests for Elastic Modulus and maximum 
force. Maximum force is considered as the force which creates plastic deformation in structure. 

Table 7: Measured Elastic Modulus in experiments 

Table 8: Measured maximum forces in experiments 

As it can be seen in Tables 7 and 8, the results obtained for two tests are in a good agreement and 
repeatability of experiment is guaranteed. These data will be used for evaluation purposes in the 
next step of this comprehensive study.   
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Elastic Modulus Test Results 

BCC BCCZ FCC FCCZ F2CCZ F2CC 

Test 1 (GPa) 0.4 0.906 0.71 I.II 1.43 1.06 

Test 2 (GPa) 0.4 NIA 0.71 1.16 1.58 1.16 

% Difference 0.00% NIA 0.71% 4.50% 10.49% 9.43% 

Maximum Force Test Results 

BCC BCCZ FCC FCCZ F2CCZ F2CC 

Test 1 (kN} 19.72 39.9 30.65 61.33 68.8 46.92 

Test 2 (kN) 20.66 NIA 31.5 1 61.31 67.99 47.96 

% Difference 4.55% NIA 2.73% 0.03% 1.19% 2. 17% 



Conclusion 

The research-based approach of studying these lattice structures lead the authors to investigate the 
effect of volume fraction on elastic modulus, yield strength, and specific strength. This was done 
because the volume fraction study that was performed indicated that the main factor affecting these 
mechanical properties is volume fraction and not individual dimensions. These issues caused 
limitations to the mesh capabilities for the simulations, so an in-depth mesh analysis was 
performed to ensure that coarser meshes presented similar results to finer meshes. 

At its current state, the project has generalized a design optimization method by utilizing the 
relationships between mechanical properties and the geometries of a particular lattice structure. 
The process provides designers with the ability to vary structures with volume fraction to achieve 
desired properties in specific locations of a product. In practical application, the stiffness can be 
matched and proper lattices can be determined as the replacement of different human bones in bio-
medical implants. However, there is an issue with matching strength. Selected lattice structures 
made from 316L SS are significantly weaker than associated bones. Therefore, Ti6Al4V with 
higher strength and lower density would be used to fabricate lattices in further steps of this study. 
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