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Abstract. Novel injection moulding tools have been developed using metal additive manufacturing, 
particularly Selective Laser Melting (SLM). This technique enables the fabrication of new complex 
geometries, including the integration of lattice structures within components. These structures are 
renowned for their lightweight and high-strength characteristics. When designed with enhanced 
thermal properties, lattice structures have the potential to significantly improve the performance of 
injection moulding tools, where efficient thermal management is of importance.  

To realise these innovative thermal capabilities, a comprehensive investigation of the thermal 
behaviour and conductivity of the structures is essential. 

To this end, a cost-effective experimental setup has been designed and constructed. The system 
employs a comparative method, whereby heat flow through a 3D-printed sample is measured in 
series with a reference material. By analysing the temperature gradients across both bodies, the 
thermal conductivity of the printed structure can be accurately determined. BK7 glass is utilised as 
the reference material because of its well-characterised and stable thermal conductivity. 

A key factor affecting measurement accuracy is interfacial thermal resistance, which arises at the 
contact interface between two materials and can hinder heat transfer. This resistance is influenced 
by the material properties, surface finish and contact pressure. To minimize the effect of interfacial 
resistance and ensure more reliable conductivity measurements, multiple tests are conducted on the 
same structure under varying temperature conditions. This approach facilitates the identification and 
compensation of thermal contact resistances. 

Introduction 
Effective temperature regulation in injection moulding tools is critical for ensuring both production 
efficiency and product quality. Lightweight structures produced via Selective Laser Melting (SLM) 
offer significant potential for improving thermal management, owing to their design flexibility and 
tailored properties. However, accurately determining the thermal conductivity of such metallic 
lattice structures remains a considerable challenge due to their geometric complexity and material 
inhomogeneity [1]. These characteristics often necessitate larger specimens to achieve reliable 
measurements. At the same time, the need for frequent design iterations calls for an accessible and 
cost-effective method to compare the thermal performance of different geometries.  

The complexity arises from both the structural and material aspects of additively manufactured 
lattices. Internally, they often exhibit porosity, unmolten powder particles, and microstructural 
inhomogeneities. Geometrically, their thin struts, curved surfaces, and open-cell architectures 
introduce complex, anisotropic heat transfer pathways. Conventional methods developed for 
homogeneous or bulk materials are frequently unsuitable or yield unreliable results when applied to 
such structures [2]. 
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To address these challenges, this study introduces a practical and cost-efficient measurement 
system specifically designed to evaluate the thermal conductivity of 3D-printed metallic lattice 
structures. The system aims to provide consistent and reproducible results, while maintaining 
accessibility for standard laboratory environments. 
State of the Art. Accurate measurement of thermal conductivity is essential for optimizing 
thermally functional components. However, standard methods are often inadequate for complex 
geometries inherent to additive manufacturing (AM) [3]. 

SLM enables the production of metallic lattice structures with lightweight and customisable 
thermal properties. Nonetheless, their intricate geometry, thin struts, and high surface-to-volume 
ratios, combined with manufacturing defects such as porosity and anisotropic microstructures, 
substantially affect heat transfer. These features result in significant deviations from bulk thermal 
conductivity values, thereby limiting the applicability of conventional measurement techniques [1]. 

Recent efforts have explored numerical simulations, inverse modelling, and custom-built 
experimental setups.  
Several low-cost solutions have emerged based on simplified heat flux techniques or the use of 
affordable sensors. For instance, Sarap [4] proposed an experimental approach for determining the 
thermal conductivity of AM parts, while Sparavigna [5] introduced a basic setup using 
thermocouples and numerical models for educational purposes. While these approaches are 
economical, they often lack robustness, particularly when managing heat losses, high temperatures 
or complex geometries, like lattice structures.  

Comparative methods employing reference materials, where thermal conductivity is inferred 
from temperature gradients across known and unknown specimens, offer improved precision and 
systematic error control. However, applying such techniques to lattice structures remains 
challenging due to anisotropy and boundary effects, necessitating custom configurations and precise 
thermal control.  

A promising development involves sandwich-like measurement setups that incorporate sensors 
or reference bodies. These configurations enhance adaptability for open-cell structures but still face 
challenges related to reproducibility and scalability. Effective thermal isolation is crucial in 
minimizing measurement errors. In this regard, polytetrafluoroethylene (PTFE, or Teflon) has 
proven effective, offering a combination of low thermal conductivity, mechanical stability and 
machinability [6]. 

Recent advancements have improved the accuracy of low-cost thermal conductivity 
measurement systems through the integration of advanced sensors and materials. Micro-sensor 
integration, highlighted in recent studies published in Sensors [3, 7], has increased precision under 
elevated temperature conditions. 

Despite these developments, there remains a clear need for a robust, adaptable, and economically 
feasible methodology for evaluating thermal conductivity in complex SLM-manufactured lattice 
structures. This work addresses that need by presenting and validating a simplified, low-cost test 
stand capable of producing reproducible thermal conductivity measurements. The design 
emphasises high-temperature compatibility and incorporates materials such as PTFE for effective 
thermal isolation. Future research will expand upon this proof of concept, focusing on error 
mitigation, scalability, and adaptability to various SLM-manufactured geometries. 

Methodology 
To overcome the limitations of conventional approaches and enable accurate measurement of the 
thermal conductivity of 3D-printed lattice structures, a low-cost, in-house measurement system was 
developed. This system is specifically tailored to accommodate complex lattice geometries. The 
methodology is based on a comparative approach using BK7 optical glass as a reference material, 
due to its well-established thermal conductivity [7, 8] 
Experimental Setup. The test specimen and reference material are arranged in series between a 
heat source and a heat sink, ensuring identical thermal boundary conditions. Temperatures are 
monitored at three critical points: the heat source (T1), the interface between the sample and 
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reference material (T2) and the heat sink (T3) (see Figure 1). Figure 1 also highlights the measures 
taken to ensure accuracy: BK7 glass provides a reliable reference, Teflon blocks reduce lateral heat 
losses, and the spring system guarantees constant contact pressure at the interfaces. Once thermal 
equilibrium is reached, the thermal conductivity (λ) of the test specimen is computed.  

The setup comprises several key components designed to maintain stable and accurate thermal 
conditions. On the hot side, cartridge heaters embedded in a copper block deliver a constant and 
controllable heat input. On the cold side, a Peltier element enables active cooling and precise 
temperature regulation. Temperature measurements are conducted using PT1000 strategically 
positioned within the system. An Arduino-based microcontroller governs the heating and cooling 
elements, collects temperature and force sensor data, and continuously logs measurement results. 
Teflon insulation blocks enclose the thermal path, effectively minimising lateral heat losses. To 
ensure consistent mechanical contact at the interfaces, a spring system coupled with an FSR400 
force sensor is used. 
Measurements. Uniform lattice specimens based on a body-centred cubic (BCC) geometry were 
fabricated using stainless steel 316L (1.4404), a material widely adopted in metal additive 
manufacturing for its favourable mechanical and thermal properties. Each specimen features a 
cross-sectional width and length of 40 mm. To promote consistent heat transfer and uniform 
thermal contact, 2 mm thick solid end plates are added to both ends of each specimen. Thermal 
conductivity measurements were performed at three temperature levels: 120, 160 and 200 °C. 
Determining System Resistance. Thermal conductivity, analogous to electrical conductivity, 
defines the ability of a material to conduct heat in response to a temperature gradient, with the heat 
flow proportional to the temperature difference and inversely proportional to the thermal resistance 
[9]. 

To compute the thermal conductivity of the lattice specimen, the overall thermal resistance of the 
system must first be established. This was achieved by performing a reference measurement with 
air in place of the test specimen. From this, the resistance contribution of the Teflon insulation 
(RTeflon) was extracted. The total system resistance includes the resistance of air (RAir), the known 
resistance of the BK7 glass reference material (RBK7), and the insulation resistance (RTeflon), all of 
which were incorporated into the final analysis of the lattice structures. 

Thermal paste was applied in ultra-thin layers at the interfaces to minimize contact resistance. 
Given its high thermal conductivity and very small thickness, its contribution to the total resistance 
was negligible and therefore omitted from the calculations, consistent with established findings in 
the literature [10, 11]. (Eq. 1): 

 
LPaste ≪ LAir, LBK4, LTeflon    ⇒ RPaste ≈ 0      (1) 

 
The total system resistance is determined using the temperature ratios and known values. From 
(Eq. 2): 
 

Δ𝑇𝑇1/Δ𝑇𝑇2 = ((𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴∗𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇)/(𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴+𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇))∗((𝑅𝑅𝐵𝐵𝐵𝐵4+𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇)/(𝑅𝑅𝐵𝐵𝐵𝐵4∗𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇))   (2) 
 
The thermal resistance of the PTFE insulation (RTeflon) is isolated and calculated. This value is then 
used in subsequent tests to extract the thermal resistance of the lattice (Eq. 3): 
 

𝑅𝑅𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐴𝐴𝐿𝐿𝑇𝑇 = (𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇∗𝑅𝑅𝐵𝐵𝐵𝐵4∗Δ𝑇𝑇1)/((𝑅𝑅𝐵𝐵𝐵𝐵4+𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇)∗Δ𝑇𝑇2−𝑅𝑅𝐵𝐵𝐵𝐵4∗Δ𝑇𝑇1)    (3) 
 
Finally, the thermal conductivity 𝜆𝜆 of the Lattice structure is calculated through (Eq. 4) 
 

𝜆𝜆𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐴𝐴𝐿𝐿𝑇𝑇 = 𝐿𝐿/(𝑅𝑅𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐴𝐴𝐿𝐿e∗𝐴𝐴)          (4) 
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Fig.1. Schematic diagram of the experimental setup used to measure thermal conductivity. Heat 
flows from the heat source (left) to the heatsink (right) through a layered assembly. The test 
specimen (316L stainless steel) is placed between a heating block (Cu) and a centre plate (Cu). A 
reference body (BK7 glass) and contact plate (Cu) follow in sequence, with a Peltier element acting 
as the heatsink. Temperatures T1, T2, and T3 are measured at defined interfaces to calculate 
temperature gradients ΔT₁ and ΔT₂, enabling determination of the heat flux (Q). 

Results and Discussion 
This section presents a subset of the experimental results. To verify the reproducibility of the 
measurement system, three repeated tests using specimens with a fixed length of 40 mm and a heat 
source temperature of 120 °C (see Figure 2). In each test, the temperature at the centre plate (T₂) 
was recorded. The resulting temperature profiles show a high degree of overlap across all 
repetitions, as shown in Figure 2, the strong overlap of repeated runs and the high correlation of the 
exponential fit confirm the excellent reproducibility and stability of the setup. 

Each test run lasted approximately 30,000 seconds (about 8.3 hours). To facilitate data 
interpretation and reduce noise, an exponential fitting function was applied to the measured 
temperature curves. The fitted curves show excellent agreement with the raw data, exhibiting a high 
correlation and confirming the suitability of the fitting method for further analysis (Figure 2: 
Temperature measurements (T2) over time for three experiments at a boundary temperature 
of 120 °C and sample length of 40 mm. Blue lines represent measured data; red lines show 
exponential fits with high correlation (R = 0.989–0.991). 

To minimise potential assembly errors, particularly those arising when changing specimen 
lengths, final testing was performed exclusively with 40 mm-long specimens. Figure 3 presents 
three repeated measurement runs at each of the three heat source temperatures: 120 °C, 160 °C, and 
200 °C. As expected, increasing the source temperatures leads to more rapid heating and higher 
steady-state temperatures at T₂. Once again, the close alignment of the curves across repetitions as 
shown in Figure 3, higher source temperatures accelerate heating and raise steady-state values, 
while the similarity of the curves across runs underscores the robustness of the measurement 
system.. 

Figure 4 displays the thermal conductivity values of the lattice structure calculated at the three 
temperature levels, based on the equations previously described. The results remain relatively 
stable, averaging slightly above 0.2 W/m·K. Owing to the high porosity and thin strut geometry of 
the lattice, the effective thermal conductivity is significantly reduced compared to bulk material, but 
it remains within the expected range for porous metal structures (typically 0.2–1.0 W/m·K) [12]. 
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These findings validate the reliability of the proposed measurement method. The observed values 
are consistent with theoretical expectations: pure air exhibits a thermal conductivity of 
approximately 0.026 W/m·K, whereas solid 316L stainless steel typically ranges between 14 and  
16 W/m·K. The measured values lie well within this interval, as anticipated for highly porous 
metallic lattices. This outcome confirms that the experimental setup accurately captures the 
effective thermal behaviour of porous metallic components and is thus well-suited for their thermal 
characterisation. 
 

 
Fig. 2. Temperature measurements (T2) over time for three experiments at a boundary temperature 
of 120 °C and sample length of 40 mm. Blue lines represent measured data; red lines show 
exponential fits with high correlation (R = 0.989–0.991). 
 

 
Fig. 3. Comparison of temperature measurements (T2) (exponential fit) at different heat source 
temperatures (120 °C, 160 °C, and 200 °C) for a constant sample length of 40 mm. 
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Fig. 4. Calculated thermal conductivity of the BCC lattice structure made from 316L stainless steel 
as a function of temperature. The experiments were conducted at 120 °C, 160 °C, and 200 °C. Error 
bars represent the standard deviation from multiple measurements. 

Conclusion 
A functional and cost-effective setup for determining the thermal resistance of 3D-printed lattice 

structures was developed and implemented. With a material cost of ~€300, the system offers an 
accessible solution for small laboratories and research institutions to characterise thermophysical 
properties of porous metallic components. 

Experimental trials revealed limitations, including thermal losses from convection and radiation, 
heat conduction through insulation, and long times to reach steady state. To mitigate extended 
testing, exponential curve fitting was applied to transient temperature data, enabling efficient and 
accurate estimation of steady-state conditions. 

The measurements produced consistent thermal conductivity values within the expected range 
for porous metallic lattices, confirming the system’s ability to generate reliable, repeatable data and 
validating its suitability for thermal characterisation of additively manufactured components. 

Future work will include additional lattice geometries to explore the link between material-to-air 
ratio and thermal performance, contributing to a deeper understanding of heat transfer in architected 
materials produced by Selective Laser Melting. 
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