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ABSTRACT 

This work proposes a new Multi-Material Direct Laser Sintering/Melting additive process 

(MMDLS/M) for the production of Multi Material components with materials gradations - 

Functionally Graded Materials (MMFGMs). An additive layer-by-layer process was used, 

which is ideal for MMFGMs, since by design, material is only added where is strictly and 

functionally needed, minimizing waste and enhancing the overall properties of the component 

being built and theoretically imposes no restriction on the shape being built, being highly 

customizable, which makes it ideal for applications in many industries such as medical, 

aeronautical, etc. Moreover, this process encompasses a wider perspective of the global 

methodology of a component’s production, since the physical phenomena occurring during 

these processes have a strong impact on the quality of the produced parts, so special focus has 

been given to the design and manufacturing stages, with a closed-loop control to apply 

corrections to the deviations between the model and the printed part. As the technology did 

not fit the customization and freedom requirements associated with this process, an equipment 

was designed and built, recurring to the agile development method. 
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INTRODUCTION 

In that sense, multi material components with materials gradations in between - Multi 

Material Functionally Graded Materials (MMFGMs) emerged as a good solution to this 

problem. The great interest on using MMFGMs is the possibility of controlling composition 

or structure and thus obtain components with desired local properties, as regarding 

mechanical, tribological, thermal properties, and others (Carvalho et al., 2015). MMFGMs 

have successfully been used to produce thermal barrier coatings, gas turbine blades, chemical 

reaction vessels, cutting tools, bio-implants and thermoelectric components (Mortensen, 1995; 

Mortensen, 1997; Sasaki, 1991). According to the literature, MMFGMs can be produced by 

different techniques such as: PVD (Physical Vapour Deposition), Laser Clading, Wet Powder 

Spraying, among others (Udupa, 2014; Miyamoto, 2013). These techniques present several 

limitations related with the kind and number of different materials being used, their 

properties, in particular coefficient of thermal expansion, as well as the final geometry of the 

component. In that context, this work proposes a combination of the MMFGM concept with 

the additive manufacturing (AM) techniques. The great advantage of the AM techniques is 

that it allows to build components with complex geometry. There are multiples AM 

techniques, depending on the material’s specifications. In order to produce metallic 

components, the most well suited AM technique is direct selective laser sintering (SLS) and 
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selective laser melting (SLM). Currently, these techniques use only one type of raw material 

and not a combination of different ones. At the same time, for polymers there are already 

some equipments that use multiple materials, on a filament basis mainly, which allows to 

produce components with different polymers in different areas, but not a continuous gradation 

of composition. The present work aims to apply the multi-material concept for metal and 

ceramic materials, using the SLS process, adding the possibility to build FGMs.     

 

RESULTS AND CONCLUSIONS 

The new MMDLS/M process proposed imposes the following requirements: flexibility, full 

control of the design and manufacturing parameters, and adaptability, as a means to provide 

customization, functionality and multi-material part building specifications, which the 

currently available technologies do not meet. To surpass these difficulties an equipment was 

designed and built, recurring to the agile development method. This method is based on an 

effective way to handle complexity, using the minimum set of requirements to accomplish the 

task, and encompasses more general concepts of abstraction and modularization, resulting in 

the decomposition of the system in terms of its abstract layers. The key idea behind this 

decomposition is that the hardware is the means to effectively do the job, and uses as a brain a 

microcontroller with a built-in software (firmware) that acts as an interpreter to respond to 

instructions derived from the geometric data and process parameters (customized G-Code). 

As the parameters are specific to this process so needs to be the language conveying the 

information (customized G-Code) and consequently the interpreter generated (firmware). The 

interpreter then needs to be implemented once in the microcontroller and then the software 

layer will be responsible to provide the meaningful data for correct process actuation, yielding 

the desired results. 

 

ACKNOWLEDGMENTS 

This work has been supported by FCT (Fundação para a Ciência e Tecnologia - Portugal) in 

the scope of the projects NORTE-01-0145-FEDER-000018 and EXCL/EMS-TEC/0460/2012. 

 

REFERENCES 

[1]-Carvalho, O., et al. Optimization of AlSi-CNTs functionally graded material composites 

for engine piston rings. Materials & Design, 2015, 80: 163-173. 

[2]-Myamoto, Yoshinari, et al. (ed.), Functionally graded materials: design, processing and 

applications. Springer Science & Business Media, 2013. 

[3]-Mortensen A, Suresh S., Functionally graded metals and metal-ceramic composites: Part 1 

Processing. International Materials Reviews 40:239-65, 1995. 

[4]-Mortensen A., Suresh S., Functionally graded metals and metal-ceramic composites: Part 

2 Thermomechanical behaviour. International Materials Reviews 42:85- 116, 1997. 

[5]-Myamoto, Yoshinari, et al. (ed.), Functionally graded materials: design, processing and 

applications. Springer Science & Business Media, 2013. 

[6]-Sasaki M, Hirai T., Fabrication and properties of functionally gradient materials. Nippon 

seramikkusu kyokai gakujutsu ronbunshi 99:1002-1, 1991. 

[7]-Udupa, Gururaja et al., Functionally graded composite materials: an overview. Procedia 

Materials Science, 2014, 5: 1291-1299. 


