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Abstract. In recent years, the use of Triply Periodic Minimal Surface (TPMS) lattice 

structures has gained popularity due to their advantages like high surface to volume ratio and 

their lightweight potential. Nowadays, TPMS lattice structures can be seen in many fields, 

including aerospace and medical applications, which can be fabricated using AM methods like 

Laser Powder Bed Fusion (PBF-LB/M) process. During the PBF-LB/M process, the transient 

temperature change is caused by the cyclic nature of the thermal load resulting in the 

accumulation of residual stresses (RS). These RS can cause dimensional inaccuracies, warpage 

and have a severe impact on the loading capacity and quality of the PBF-LB/M part. 

In this paper, the effect of RS on the mechanical properties of primitive and gyroid TPMS 

lattice structures of volume fraction 20%, 30% and 40% undergoing compression testing is 

studied using Finite Element Analysis (FEA) and experiments. The sequentially coupled 

thermomechanical finite element model is used to account for the RS accumulation and its 

effect on Young’s modulus, yield strength and Specific Energy Absorption (SEA).  

It is seen that the RS have a detrimental effect on all three considered properties of additively 
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manufactured lattices. The primitive structure of 20% volume fraction shows significant 

softening, which is aggravated by the RS. The yield strength and Young’s modulus of primitive 

structure increase with increasing volume fraction, but the values of the simulation with RS are 

considerably lower than those without RS. A similar reduction in values of the properties is 

found in gyroid structures, but the effect of volume fraction is not significant, with values 

remaining in a similar range. Regarding SEA which is calculated up to 20% strain, the primitive 

structure performs better than the gyroid, except in the case of 20% volume fraction, where the 

SEA value of the primitive is less than the gyroid due to the softening. 
 

 

1 INTRODUCTION 

Lattice structures exhibit numerous attractive properties, such as high strength, high energy 

absorption capacity, vibration mitigation, thermal conductivity, and low mass [1, 2]. These 

properties have made lattice structure integration in structures a point of research in many fields 

like automotive, aerospace and biomedical applications [2]. With laser powder bed fusion 

(PBF-LB/M), one of the most widespread AM technologies, it is possible to produce such 

lattices with high control over the cell size, topology, and porosity.  

Studies regarding the comparison of the mechanical properties of different types of lattice 

structures show that the properties stiffness, plateau stress and energy absorption of triply 

periodic minimal surface (TPMS) lattice structures are superior to other types of lattice 

structures like body-centred cubic (BCC) [3].  

In PBF-LB/M, the successive melting and solidification of metal powder layers enable the 

manufacturing of these complex structures. During this process, the material undergoes 

repeated thermal cycles, leading to temperature gradients and non-uniform thermal expansion 

and contraction, which ultimately results in the accumulation of RS in the component [4]. The 

RS can cause cracking, dimensional inaccuracies and have a severe negative impact on the 

loading capacity and performance of the part [5]. Although the mechanical properties of the 

TPMS lattice structures have been studied by many researchers, the effect of RS on their 

mechanical properties remains largely unexplored [6]. 

RS are stresses which are confined inside the body and are in an equilibrium state when no 

external load is being applied, i.e., they are not required to maintain equilibrium between the 

body and the environment. In this paper, the RS considered act over a length scale of the size 

of the component, which usually appear when the material is processed thermally or 

mechanically. These are the stresses inside the body which are not necessary to maintain 

equilibrium between the body and its environment, also known as macrostress [7]. The 

evaluation of the RS becomes more complicated with the increasing complexity of the structure 

under consideration [8] and experimental measurements of RS are expensive and time-

consuming [9]. Hence, finite element methods to simulate the RS are important. 

The presence of RS can cause significant distortion and cracking of the part in thin-walled 

and complex structures such as lattices. RS influence the mechanical properties but are often 

left as an unknown factor in the design of such parts. There are studies regarding the 

experimental or computational determination of RS in AM structures [8], and even fewer 

regarding the effect of RS on the mechanical properties of lattice structures. Gan et al. 

established a simulation model for Ti-6AL-4V lattice structures manufactured using PBF-

LB/M based on the inherent strain method and studied the effects of geometric lattice 
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parameters on the residual deformation and stress. It is concluded that the maximum RS 

decreases with the increase of rod angle and increases with the increase of rod diameter. Also, 

the residual deformation increased linearly with rod diameter [10]. Bruggeman conducted 

thermomechanical RS simulations for both simplified geometries, such as cubes and plates, and 

five complex lattice geometries fabricated using PBF-LB/M with Inconel 718. The numerical 

RS results of the lattice geometries show that the lattice geometries play a significant role in 

the distribution and magnitude of RS [11]. Ahmed et al. conducted simulations of the 

fabrication of four different types of TPMS lattice structures using a sequentially coupled 

thermo-mechanical finite element model to evaluate RS during the PBF-LB/M process. These 

results are used to obtain the mechanical properties of TPMS lattice structures while 

considering the effect of RS. The study concluded that the effective elastic modulus of all TPMS 

lattices in the build direction is lower in comparison with the reference TPMS in which the RS 

are not accounted for [12]. 

As discussed, FEA has been used to measure the accumulation of RS and mechanical 

properties of TPMS lattices separately, but few studies have been conducted to simulate the 

effect of RS on the mechanical properties of the TPMS lattices and compare them with the 

experiments. Therefore, in this paper, a methodology to simulate the accumulation of the RS 

and their effect on the three key mechanical properties (Young’s modulus, yield strength and 

specific energy absorption) of two TPMS lattices (primitive and gyroid) is presented. The FEA 

results are compared with the experimental results. 

2 METHODOLOGY AND IMPLEMENTATION 

2.1 Design of compression test specimen 

The design of the test specimens was done based on two standards, DIN 50134 and ISO 

13314. Specimens with three different volume fractions – 20%, 30%, and 40% were designed 

to study the effect of volume fraction on the properties. The designed specimens of primitive 

and gyroid of volume fraction 20% are shown in Figure 1. The volume fraction is calculated as 

follows: 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 [%] =
𝑉𝑜𝑙𝑢𝑚𝑒𝑙

𝑉𝑜𝑙𝑢𝑚𝑒𝑐

× 100 
(1) 

where Volumel is the volume of the lattice structure and Volumec is the volume of the cuboid 

enclosing the given lattice structure. The specimens were cuboid in shape, with the ratio of edge 

length to height set to 1.5. The size of the compression specimen was 35 mm×35 mm×52.5 mm, 

with the size of the unit cell as 3.5 mm×3.5 mm×3.5 mm. To avoid damaging the lattice 

structure while removing it from the baseplate, the bottom surface of the lattice was extruded 

by 2 mm as seen in Figure 1. These specimens were designed using the TPMS lattice option in 

Ansys Material Designer. The wall thickness for each volume fraction and the total volume of 

each specimen from the CAD models is given in Table 1. 
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Figure 1: Compression test specimen of gyroid (left) and primitive (right) with volume fraction 20% 

Table 1: Compression test specimen design data 

Lattice type Primitive Gyroid 

Volume fraction [%] 20 30 40 20 30 40 

Wall thickness [mm] 0.3 0.45 0.61 0.23 0.34 0.46 

Lattice volume [mm3] 12831 19264.5 25705.5 12834 19255.5 25686 

2.2 Machine setup and calibration 

The compression test specimens were fabricated from stainless steel 316L on a commercial 

PBF-LB/M machine (EOS M 290). The process parameters of the machine used for the 

fabrication are listed in Table 2.  

Table 2: Machine parameters for the fabrication using PBF-LB/M 

Process 

parameter 

Laser 

power  

[W] 

Deposition 

thickness 

[mm] 

Hatch 

spacing 

[mm] 

Laser speed 

[mm/s] 

Preheat 

temperature 

[°C] 

Room 

temperature 

[°C] 

Value 120 0.03 0.08 800 35 20 

 

A distortion calibration procedure for the simulation based on the physical manufacturing 

scenario is highly recommended to determine the Thermal Strain Scaling Factor (TSSF) to use 

in Ansys thermal-structural simulations [13]. The calibration procedure was performed using 

cantilever specimens in the same conditions as the main study. 

Four compression testing specimens of each type (primitive and gyroid) were fabricated and 

tested. The specimens were separated from the base plate using wire electro-erosion and 

underwent ultrasound vibration to remove the remaining powder particles inside the lattice 

voids and powder particles stuck to the lattice walls. To retain the accumulated RS to investigate 

their effect on the mechanical properties, the post-processing heat treatment was not carried 

out. Compression tests are performed on the as-built specimens. 

The machine used for testing was a Z250 AllroundLine (ZwickRoell GmbH & Co. KG) with 

3.5 mm
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a maximum load capacity of 250 kN. For the compression tests, the DIN 50134 standard is 

followed. The tests are carried out at room temperature under a constant strain rate of 0.001/s 

till 40% of the compression and with 0.01/s up to a maximum compression of 55%. The strain 

rate is increased to shorten the duration of the experiment. 

2.3 Simulation setup for the PBF-LB/M and compression testing 

The simulation is carried out in Ansys 2023R1. For additive manufacturing, a sequential 

thermal-structural model is followed, where a layer-by-layer simulation of thermal phenomena 

is performed first, and afterwards, those temperature results are used in the structural 

simulation.  

For the AM simulations, the material data of 316L from the Ansys engineering data 

resources is used, with bilinear isotropic hardening. The geometry is meshed using layered 

tetrahedrons. Along with the process parameters listed in Table 2, standard values are used for 

the other required parameters for the simulation. The newly determined TSSF factor (from the 

calibration process) is used for the simulation. After entering the parameters, a step to remove 

the base plate and the extrusions is added. Additional commands are added in the structural 

simulation to save the database file and initial state files to store the deformation and stress data 

after the removal step so that they can be used as initialization files for the compression testing. 

For the simulation, a quarter part of the complete specimen (lattice structure with 5×5×15 unit 

cells) is used with the symmetry conditions to reduce the computational efforts. 

After the completion of the thermal-structural simulation of the PBF-LB/M process, the 

database file is imported using an external data block to get the deformed lattice structure as 

geometry. Then, the initial state file is read in the first step to map the RS on the geometry. For 

the second step, the bottom face of the lattice is fixed, and displacement is applied to the top 

face of the lattice to mimic the compression test, with auto time stepping and large deflection 

options activated. As per the thermal-structural simulation, a quarter geometry is used for the 

compression test as well to reduce the computational effort. A compression test simulation 

without mapping any RS is also performed to check the mechanical properties without the effect 

of RS. 

The directional displacement in the Z direction and reaction force on the top face are 

obtained as results from the simulation to get the force-displacement data. The force values are 

divided by the area of the top face, and displacement values are divided by the total height of 

the specimen to get the stress-strain data for the individual lattice type. This data is used to 

calculate the values of Young’s modulus, yield strength, and specific energy absorption (SEA). 

3 RESULTS AND DISCUSSION 

3.1 TSSF, Deformation and residual stress using simulation of the AM process 

In this section, the TSSF value found from calibration, deformation, and RS distribution in 

the specimens after removal from the base plate from the simulation are discussed. 

The average distortion of the cantilever in calibration is found to be 0.76 mm and from the 

calibration process, the TSSF value is found out to be 0.062. After fabrication, the weight of 

the fabricated specimen was measured, and it was found that on average, the primitive 

specimens were 11.09% heavier and the gyroid specimens were 16% heavier than the CAD 
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models. This is similar to [14] where sheet-based TPMS lattices showed higher weight 

compared to their CAD models, which can be related to the surface area of the unit cell 

topology. As the surface area increases, so does the interaction between solidified structure and 

the powder bed, which leads to the additional weight of the final sample [14]. 

The deformation and accumulated stress in the quarter model with the applied symmetry 

boundary conditions of primitive and gyroid 20% volume fraction is shown in Figure 5. The 

coordinate system is set at the center of the cuboid and the part enclosed in the positive X, Y, 

and Z axis is modelled with symmetry boundary conditions on XZ and YZ planes, as shown in 

Figure 5(a). Images of the 20% volume fraction are shown as representatives, as the 

deformation and stress distribution in the 30% and 40% volume fraction is very similar. 

 

Figure 5: (a) Deformation and (b) stress distribution in the quarter primitive 20% and (c) deformation and (d) 

stress distribution in the quarter gyroid 20% specimen obtained from thermal-structural simulation 

It can be seen from the images that the deformation and the distribution of RS are dependent 

on the topology of the lattice structure. In the case of the primitive structure, the deformation is 

lowest in the central part of the cuboid (around the Z-axis) and increases towards the outer 

edges of the structure. The maximum deformation is seen on the unit cells on the corner edge 

of the cuboidal lattice specimen. The stress distribution is not only non-uniform in the vertical 

direction across the whole body but also across the height of a single unit cell. It is important 

to note that the highest amount of stress accumulation is seen in the region where the unit cells 

are joined with each other, as seen in the zoomed-in section. Like the displacement, the value 

of RS is seen to be highest on the unit cells on the corner edge. 

The overall deformation distribution in the gyroid lattice is similar to that of the primitive 

lattice. The lowest deformation is seen in the central region of the lattice around the Z-axis and 

increases gradually towards the outer faces. The highest stress accumulation is seen on the 

edges of the outer faces of the cuboid specimen. Unlike primitive, the stress distribution within 

the unit cell is more uniform. The topology of the gyroid unit cell is such that the unit cells are 

not very distinctly separated from each other and connected with multiple faces, whereas the 

primitive unit cells are connected via a single face with a comparatively smaller area, and 

distinctly separable. This is a possible reason for the more uniform RS distribution in the gyroid 

lattice structure. 

This stress distribution in the cuboid specimens follows a similar pattern as discussed in the 

x
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y
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literature regarding stress distribution in the vertical (along the Z-axis) and horizontal (along 

the X- and Y-axis) direction of plate specimens. Considering the build in Z direction, the 

shrinkage of the newly added layers after solidification causes the underlying layers to be 

compressed, and new layers show tensile stress. When further new layers are added, 

compressive stress within underlying layers increases. In this process, heat accumulates in the 

formed layers, reducing the thermal gradient. Hence, the stress shows a trend of decreasing near 

the top layers [15]. However, removal from the base plate causes a change in the stress state, 

and some stress is relieved [16]. This leads to the pattern of low stress in the lower and upper 

regions (blue colored), and higher stress in the central region (green-orange colored). Also in 

the horizontal plane, the scan vector geometry can have a localized heating effect, resulting in 

excess heat build-up within localized regions like the corners of the rectangular geometry [17]. 

This can be the reason behind the high stress accumulation on the corners of the specimens. As 

discussed earlier, there are very few studies regarding the distribution of RS in the TPMS lattice. 

Also, the parameters of the fabrication, size of the lattices and simulation procedure affect the 

stress values to a high degree. However, the general stress distribution tendency can be 

compared with the few studies available. Gan et al. concluded that the deformation in BCC 

lattices increases with the rod diameter, which aligns with the result of increasing deformation 

with increasing wall thickness in both primitive and gyroid lattices. Both Bruggeman [11] and 

Ahmed et al. [12] show that the distribution of RS is dependent on the unit cell topology. These 

studies also observe that the RS are non-uniformly distributed in vertical direction [12], the 

highest RS is observed on the central region of the corner edges, followed by the outer faces of 

the specimen and the least in the centre [11]. 

The graphical representation of the maximum deformation and maximum RS values is 

shown in Figure 6. 

 

Figure 6: Maximum deformation and maximum stress in primitive and gyroid specimens obtained by simulation  

The maximum deformation increases with increasing volume fraction for both primitive and 

gyroid structures, but the maximum deformation is approximately 30% higher in primitive than 

in gyroid structures for every volume fraction. For RS, in the case of primitive structures, there 

is a clear reduction in the maximum RS value with increasing volume fraction. The maximum 

RS decreases by nearly 12% from volume fraction 20 to 40%. However, in the case of gyroid 

structures, the maximum RS values are comparable with each other for all three volume 

fractions with a maximum difference between the values in the range of 3%. As discussed 
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earlier, the more uniform stress distribution in the gyroid can be the reason for the low variation 

in the maximum RS values. Contrary to that, the primitive lattices show clear areas of stress 

concentrations, leading to a clear decreasing trend. 

3.2 Compression test results 

The representative images of 20% volume fraction specimens of primitive and gyroid after 

undergoing compression and the stress-strain characteristics for all the tested specimens are 

shown in Figure 7. The curves for all the specimens are very close to each other in the elastic 

region, and therefore a closer look is needed to differentiate Young’s modulus value for 

primitive and gyroid for different volume fractions, which is done in the next section. For the 

primitive lattice, after the elastic region, there is a clear distinction between the behavior of the 

different volume fractions. The yield strength of the primitive lattice increases with the 

increasing volume fraction. The 20% volume fraction lattice structure shows very little increase 

in stress up to 10% strain, indicating very little hardening of the sample. 

 

Figure 7: (a) Stress-strain graphs of compression testing, compressed specimens of (b) primitive 20% and 

(c) gyroid 20% structures 

In addition, after 10% strain, it shows strong softening up until 20% strain, which is 

particular to this lattice. At this point, the slope of the curve again changes direction, and stress 

starts to increase. This can be attributed to the self-contact between the lattice cell walls and is 

known as densification. The primitive 20% lattice starts the densification at the earliest at 20% 

strain. Some fluctuations in the stress-strain curve can be seen at the very end around 50% 

compression, which can be attributed to the collapse of some unit cells at the center of the 

specimen. The 30% and 40% primitive specimens show hardening until 25-40% strain and start 

showing significant densification after that. Due to the initial difference in the yield strength, 

the overall curve of the 40% volume fraction shows higher stress values, but the hardening and 

densification are similar to the 30% specimen. 

In the case of the gyroid lattice, the yield strengths are very close to each other (within 6%) 

for all three volume fractions. After the yield point, the hardening effect is observed to be higher 

(a)

(b) (c)

10mm 10mm
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than that of the primitive lattices, with the stress values increasing with the increase in volume 

fraction. The densification after a 40% strain value is observed in gyroid lattices too. However, 

the difference between the curves of different volume fractions is not as high as seen in the 

primitive lattice. In the case of the compression test of Gyroid 40%, the limit of the compression 

testing machine was reached at 245 kN and 25% strain. Therefore, the test had to be stopped at 

that value. 

3.3 FEA results with and without residual stresses 

Self-contact and densification increase the required computation power and the time for the 

simulation multi-fold. Also, the gyroid 40% specimen could be compressed to a maximum of 

25% strain only (see Section 3.2). Therefore, considering these constraints, simulations were 

carried out only until 20% strain and compared to the experimental compression data in this 

strain region. Representative images of the displacement and equivalent stress at 20% strain 

compression simulation for the 20% volume fraction of primitive and gyroid are shown in 

Figure 8.  

 

Figure 8: (a) Deformation and (b) stress distribution in the quarter primitive 20 and (c) deformation and (d) 

stress distribution in the quarter gyroid 20 specimen post compression 

Even after compression to 20% only, the simulation results show high similarities with the 

experimental result seen in Figure 7, by showing significant bulging in the central region along 

the height of the model (along the Z axis). Also, the unit cell walls are closer to each other at 

the center (around the Z axis), and the distance increases towards the outer region, creating a 

fan-like structure, mimicking the experimental results. This deformation pattern is similar to 

that observed in the literature in [18] and [3]. This pattern leads to the formation of diagonal 

shear bands in the uniform wall thickness lattice structures as shown in the above studies. 

The stress-strain curves for the 20, 30, and 40% volume fraction primitive structure for the 

three categories, namely experimental, simulation without residual stresses (without RS) and 

simulation with residual stress consideration (with RS) are shown in Figure 9. It can be observed 

from the graphs that there is a noticeable difference between the stress-strain curves of the 

experiments and the compression test simulation without RS. The stress-strain curves of the 

experimental data and simulation with RS have values lower than that of the simulation without 
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RS. Therefore, it can be said that the simulation results agree with the experimental data, and 

the RS present in the specimen negatively affect the compressive properties. Similar stress-

strain curves for the gyroid structures with 20, 30, and 40% volume fractions are shown in 

Figure 10. For gyroid structures also, differences can be observed in the stress-strain curves of 

simulation without RS, simulation with RS and experimental data. Also, in the case of the 

gyroid, the curves of simulation without RS are higher than the other two. As seen in Figure 5, 

the as-built specimen already contains accumulated RS from the AM process and therefore, the 

yield strength is reached earlier during compression. Therefore, it confirms that the RS reduce 

the compressive strength of the lattice structures. 

It is important to note that in the case of primitive 20, the softening behavior observed in the 

experimental data shortly after the yield is predicted more extremely by the simulation with RS. 

This is similar to the observation made by Ahmed et al. where softening is seen prominently in 

primitive lattices with a volume fraction of 10%. It can be associated with localized deformation 

and buckling of TPMS walls [12]. The wall thickness of the simulation model is less than that 

of the fabricated model, which leads to more localized deformation and higher softening 

behavior in the simulation with RS than in the experiments. A similar pattern is seen in a study 

by Zhang et al. [3], where a primitive structure shows softening behavior after the end of the 

elastic region, while the gyroid structures show continuous hardening behavior. According to 

[3], this stress-strain response is dependent on the micro-architecture of the structures, and the 

softening in primitive structures is due to local buckling of curved cell walls. 

However, unlike the primitive structures, in the gyroid, the stress values of the experimental 

data are higher than that of the simulation with RS data, though the paths followed are very 

similar. A possible explanation for this behavior could be the additional mass of the gyroid 

experimental specimens as compared to the simulation model. As discussed earlier, the weight 

difference between the simulation model and the fabricated specimen is nearly 16%. Also, the 

weight of the gyroid structure is higher than that of the primitive one (11%), which is 

responsible for the higher difference in the simulation with RS and experimental curves in the 

gyroid compared to primitive structures. As the weight difference reduces with increasing 

volume fraction, these  curves get closer to each other.  

 

Figure 9: Stress strain graphs for the compression tests and simulation of primitive TPMS with residual stress 

(w RS), without residual stress (w/o RS) 
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Figure 10: Stress strain graphs for the compression tests and simulation of gyroid TPMS with residual stress (w 

RS), without residual stress (w/o RS) 

Young’s modulus was calculated from the slope of the curve in the elastic region and the 

0.2% yield method was used to calculate the yield strength. The graphical representation of 

values for the experimental compression tests, simulation with RS, and simulation without RS 

for the primitive and gyroid structure is shown in Figure 11. It can be seen from the graph for 

primitive that both Young’s modulus and yield strength for the primitive lattice increase with 

increasing volume fraction. The simulation results with and without RS follow a trend similar 

to the experiments. Also, it can be observed that the values of Young’s modulus and yield 

strength are lowest for the experimental data, and highest for the simulation without RS. 

Therefore, it can be inferred that the RS reduce Young’s modulus and yield strength for the 

primitive lattice structure. It can be seen from the graph that for the gyroid lattice, the value of 

Young’s modulus from the simulation does not vary to a large extent with the change in volume 

fraction. Also, Young’s modulus values from the simulation with RS are lower than that of the 

simulation without RS, but only by a very small margin. Compared to that, the experimental 

values show a large decline when compared to the simulations. The yield strength values show 

that the yield strength of the gyroid lattice increase with the increasing volume fraction, though 

the increase is not as sharp as compared to the primitive. In this case also the yield strength 

values of the experimental data and simulation with RS are lower than that of the simulation 

without RS. Also, the experimental data and simulation with RS data match very closely. 

 

Figure 21: Young’s modulus and yield strength for primitive and gyroid lattices 
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These observations agree with the findings from [12] where the effect of RS is notable, 

especially under compression loading. The softening effect on the lowest volume fraction of 

primitive lattice is also observed in that study. It also mentions that the RS have little effect 

beyond the yield region, which is also seen here, that after the yield, the curves follow a similar 

path. 

SEA is defined as the energy absorbed by the material under uniaxial compression 

normalized by its density up to the point of densification. In this paper, SEA is calculated by 

calculating the area under the stress-strain curve and dividing it by the volume fraction value. 

As the simulation was performed up to 20% strain, that point was considered for the SEA 

calculation. However, for more effective utilization of the SEA, the complete range should be 

considered. 

The graphical representation of these values for primitive and gyroid is shown in Figure 12. 

It can be seen from the graph that for both primitive and gyroid, the SEA values decrease with 

increasing volume fraction. When compared volume fraction-wise, the SEA of the gyroid for 

20% volume fraction is higher compared to the primitive. However, this is an outlier from the 

other two volume fractions. The primitive 20 lattice shows significant softening behavior 

shortly after the yield. This leads to a decrease in the area under the stress-strain curve, leading 

to a decrease in SEA value. For volume fractions 30 and 40%, both primitive and gyroid show 

hardening behavior, but the SEA values of primitive are observed to be higher. [18] compared 

the energy absorption of the uniform sheet (US) and functionally graded (FG) TPMS lattices, 

and found that for the effective use of TPMS lattices as energy absorbers, FG lattices are a 

better alternative, as they absorb a total cumulative 60% more energy.   

As these values are calculated from the stress-strain data, the trend regarding values of 

experiments, with RS and without RS is followed. For both primitive and gyroid, the SEA 

values without RS are higher than that of experimental values and with RS values up to 20% 

strain. 

 

Figure 32: Specific energy absorption for primitive and gyroid lattice 

As a summary, it can be said that the RS, which result from non-uniform thermal expansion 

and contraction during the PBF-LB/M process, adversely affect the performance of the lattice 
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structure specimens. Specifically, the presence of RS within the component lead to a reduction 

in its compressive yield strength. The compressive nature of these RS adds to the compressive 

load applied to the specimens, reducing their ability to withstand compressive forces. As a 

result, the compressive yield strength, Young’s modulus and SEA of the specimens are 

compromised, highlighting the critical role of the RS in influencing the overall mechanical 

behavior and performance of lattice structures manufactured using PBF-LB/M. 

4 CONCLUSION AND OUTLOOK 

The effect of RS on the key mechanical properties: yield strength, Young’s modulus and 

SEA of three volume fractions (20, 30 and 40%) of primitive and gyroid TPMS lattice structures 

is studied in this paper.  

 The simulation results of yield strength, Young’s modulus and SEA with RS better represent 

the experimental results, which show lower values than those calculated from the simulations 

without RS. Therefore, it can be concluded that modeling with RS can well represent the 

degrading effect on the mechanical properties of additively manufactured lattices.  Thus, the 

sequential thermal structural approach to account for the RS and use it for further simulation is 

effective and can be used for other lattices or AM parts.  

The primitive 20% specimen shows significant softening, which is not shown by any other 

tested specimens. Both the Young’s modulus and yield strength of primitive increases with the 

increasing volume fraction. Whereas for the gyroid, yield strength increases but the Young’s 

modulus is in the similar value range with the increase in volume fraction. However, the 

detrimental effect of RS is seen to be consistent. 

The detrimental effect of RS on SEA is also seen up to a compression of 20%. The 

conclusion regarding SEA can be more complete if studies for complete strain range including 

self-contact and densification are considered. 

These findings are important as the RS have a very significant effect on the fatigue life and 

crack propagation etc. of additively manufactured parts. Further investigation regarding the 

effect of scanning strategies and post-heat treatment on the RS and mechanical properties, and 

the effect of RS on other lattices and in general AM parts can be conducted.   
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