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Introduction

In recent years, additive manufacturing (AM), also known as 3D printing, has 
emerged as an innovative technology revolutionizing the manufacturing industry. 
This disruptive technique enables the creation of complex geometries and intricate 
designs that were previously unattainable through conventional manufacturing 
processes. One of the areas that has experienced the most significant 
advancements in additive manufacturing is the production of metallic materials.

Meltio’s use of metal wire as feedstock has led to substantial improvements in 
deposition control, material waste reduction, enhanced operational safety, and 
broader compatibility with a wide range of metallic material families. This 
wire-based approach ensures a stable and reliable material flow, resulting in 
smoother and more consistent additive manufacturing processes.

By leveraging these advantages, Meltio has not only optimized its processes but 
also expanded the scope of additive manufacturing applications. This ongoing 
commitment to innovation and material development continues to unlock new 
possibilities and extend the capabilities of Meltio’s technology, offering users a 
wide array of material options and parameterization tools for their additive 
manufacturing needs.

In this document, Meltio has compiled all internal knowledge and information 
regarding materials with the aim of sharing it with the community. Here, you will 
find a detailed overview of all tested materials, including their characterization and 
parameterization for Meltio machines. The document also includes guidance on 
creation of print profiles, material characterization, post-processing, heat 
treatments, and dual-material printing recommendations, among other key 
topics.

In recent years, additive manufacturing (AM), also known as 3D printing, has emerged 
as an innovative technology revolutionizing the manufacturing industry. This disruptive 
technique allows for the creation of complex geometries and intricate designs that were 
previously unattainable using conventional manufacturing processes. One of the key 
areas that has seen significant advancements in additive manufacturing is the production 
of metallic materials.

Meltio's utilization of wire feedstock has resulted in enhanced control over material 
deposition, reduced material waste, improved safety, and broader compatibility with 
metallic material families. This wire-based approach facilitates a reliable and stable flow, 
leading to smoother additive manufacturing processes.

By leveraging these advantages, Meltio has not only optimized its processes but also 
broadened the scope of additive manufacturing applications. This commitment to 
innovation and material exploration continues to unlock new possibilities and expand the 
capabilities of Meltio's technology, providing customers with diverse material options and 
parameterization for their additive manufacturing needs.

In the following document, Meltio has compiled all the information and knowledge about 
materials within Meltio in order to share it with the world. Within this document, you will 
be able to find all the tested materials, as well as their characterization and 
parameterization inside Meltio machines. There is information about post-processing, 
heat treatments, or tips on dual-material, among others.
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Infrared Blue Blue (High Power Option)

Available in: M450, Meltio Engine v2 & v3 M600 & Meltio Engine Blue Meltio Engine Blue

Laser power (Total / 
Per diode or Fiber) 1200W / 6 x 200W 1000W / 9 x 120W 1400W / 9 x 160W

Beam Shape Matrix beam, Circular Matrix Beam, rectangular Matrix Beam, rectangular

Energy Distribution

Polar array of 6 beams 
approximating a top-hat 

energy distribution within the 
spot.

Polar array of 9 beams 
approximating a top-hat 

energy distribution within the 
spot.

Polar array of 9 beams 
approximating a top-hat 

energy distribution within the 
spot.

Meltio Laser Head Specifications

●What are its main mechanical properties?

●Does it get oxidized really easily?

Materials Absorptivity to different wavelengths

            Planck-Einstein Equation:

Blue wavelength offer higher photon energy  which is absorbed more efficiently by metals 
compared to Infrared.

Meltio's blue multi-laser approach is cost-effective, outperforming expensive single high-power blue 
lasers, while improving energy efficiency and sustainability over infrared

The Nature of Laser
Light Amplification by Stimulated Emission of Radiation.

     Blue = 450 nm                                                  IR = 976 nm

NASA TN D-5353, Solar Absorptance and Spectral Reflectances of 12 Metals for Temperatures Ranging from 300 to 500 K, E.W. Spisz, NASA 
Technical Note, Lewis Research Center, 1969. Available at: https://ntrs.nasa.gov/citations/19690024595
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Meltio Space File Preparation

To print new materials, we need to generate basic geometries. Solid cubes and rectangles, among other basic and 
easy geometries, are the best option for starting testing. Trying more complex geometries before starting with the 
basics increases the risk of printing failure. Two examples of geometries are shown in figure “Basic geometries for 
our first tests”.

A good starting point to try to print the part with the new material is our Meltio Space verified profiles from a material 
profile with similar characteristics as the material to be tested with 1.2mm layer height and 1mm layer width.

Figure 11.9. Basic geometries for our first tests.

If the new material is far from the usual materials used with the Blue laser Technology, it is recommended to start 
with printing a single bead and then continue with testing the cubes, rectangles and other basic geometries. Check 
Section “10.2.1. Meltio Phase 0”

Figure 11.10. First single beads printed with newly used materials.

After generating the G-code with our basic geometry, we can do our first test. You can use T0 or T1 for this 
purpose, as long as the material is correctly loaded and lasers calibrated for the wire to be printed, it will work 
properly.

Material Parametrization
Keep in mind that every material is different. Therefore, the procedure for specific materials may vary. This guide is 
a basic introduction on how to parametrize a new material for the Meltio Engine Blue and may be used as an initial 
point of reference.

There are a few things that should be considered about the new material to be parameterized.

●Will this material be able to absorb much energy from the laser beam of the Meltio Blue (450 nm 
wavelength)?

● Does it get oxidized really easily?

● What are the required mechanical properties?

Figure 11.8. Electromagnetic spectrum.

Considerations for Parameterization
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Material

Thermal
Conductivity

Conducts heat 
away from the 

process, lower is 
better.

Surface
Reflectivity
Percentage of 
light reflected, 
lower is better.

Electrical
Conductivity
Relevant for hot 

wire, lower is 
better.

Affinity to
Oxidation
Affects shield 

gas 
consumption, 
lower is better.

Affinity to 
Cracking*

Causes processing 
defects. Lower is 

better. Really depends 
on the alloy.

Meltio
Printability

Stainless Steels Low Low Very Low Low Low Very Easy

Mild Steels Low-Medium Low-Medium Low Low-Medium Very Low Easy

Tool Steels Low Low-Medium Low Low-Medium Medium-High Medium

Nickel Alloys Low Low Low Very Low Very Low Very Easy

Titanium Alloys Low Low Very Low Very High Medium Medium

Copper Alloys Very High High Very High Medium Low-Medium Difficult

Aluminum Alloys High Very High High High High Difficult

*  Laser welding processes such as Meltio have lower heat input and hence are less prone to produce cracks and defects in the part.

After testing more than 50 different materials of all the material families, Meltio determine that in most of the cases, 
an alloy is hard to print if it has:

- High carbon content (steels)
- High reflectivity of laser wavelength (i.e. copper for IR)
- Ceramic phases inside final microstructure
- High melting temperature (refractories)
- Affinity for oxidation (titanium and aluminum)
- High thermal conductivity (copper & aluminum)

Apart from this poisonous elements like lead or arsenic between others make the printing process not safe for the 
operator, so should also be considered, all standard Meltio Materials does not contain any poisonous element.

Resuming, the chart below summarize all the main properties that are involved inside material printability and their 
expected behaviour:

Material Printability



Meltio Materials and Their Value Proposition
Stainless Steels (AISI 316L, AISI 308L)

Stainless steel is a corrosion-resistant alloy composed mainly of iron, carbon, and chromium. It forms a protective chromium 
oxide layer that prevents rust and staining. With its durability and aesthetic appeal, stainless steel is widely used in various 
industries, including kitchenware, appliances, construction, and automotive components.

Tool/Carbon Steels (AISI H11)

Mild Steels (AWS ER70S-6)

Nickel Alloys (Nickel 718, Nickel 625)

The three general categories are low, medium, and high carbon steel. More carbon means harder and stronger. Less carbon 
means cheaper, softer, and easier to produce.
Carbon steel is most commonly found as a structural building material, in simple mechanical components, and in various tools.

It has low carbon content (<0.25% by wt.). It is ductile, machinable, and weldable. It is used in automobiles, furniture etc.

Titanium Alloys (Ti6Al4V)

Nickel is a versatile element and will alloy with most metals. Nickel alloys are alloys with nickel as principal element. Its high 
versatility, combined with its outstanding heat and corrosion resistance has led to its use in a diverse range of applications; such 
as Aircraft gas turbines, steam turbines in power plants and its extensive use in the energy and nuclear power markets.

It’s really hard to refine. This is why this metal is so expensive. Its strength to weight ratio is higher than any other metal. This 
makes it extremely valuable for anything that flies. It’s use where the weight requirements are critical and aluminum alloys 
cannot fit in.

Common applications include electronics, water pipes, and giant statues that represent liberty. Copper will form an oxidized 
layer, that will prevent further corrosion. Essentially, it’ll turn green and stop corroding. This can make it last for centuries.

Copper Alloys (AWS ERCuNiAl and CuCrZr)

Aluminium Alloys (Al 4046)
Aluminum has amazing strength-to-weight ratio, this is the metal that’s largely responsible for flight. It’s easily formed 
(malleable)hile it doesn’t rust, it will oxidize. Iron is the only metal that “rusts” by definition. Aluminum will corrode when it 
contacts salt. However, it will not corrode in contact with water. 

 
Open Platform and Meltio Materials

Meltio’s Laser Metal Deposition (LMD) technology is built on an open material platform, allowing customers to 
use readily available welding wire to achieve outstanding mechanical performance. In any case  Meltio can 
supply any material, ask for the  Official List of Available Materials to your sales representative.

While Meltio Materials represent the pre-validated and fully parameterized alloys we offer, our technology is 
not limited to them. Customers and partners can develop and optimize new materials to gain a competitive 
advantage in their industries.

Our process delivers high-density parts (>99.97%) with superior mechanical properties, while ensuring zero 
material waste—100% of the deposited material is used in the final part.

 Meltio Materials: Fully Validated & Optimized for LMD

Meltio offers a portfolio of tested and validated materials, available for purchase, with ready-to-use 
parameters in Meltio Horizon and Meltio Space slicing software.

Key Benefits of Meltio Materials

✔ Turnkey Printing Experience – Fully parameterized for optimal print quality, efficiency, and reliability on 
standard geometries.

✔ High Material Efficiency – 100% of extruded material is used in the part, with zero waste.

✔ Multi-Material Capabilities – Print with Single, Dual, or Quad-Wire for advanced applications.

Meltio Materials Handbook
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Meltio TRL Classification System
Meltio can additive manufacture parts in metals such as copper and aluminum using its blue laser 
technology. However, for now, this technology works well only with thin-walled or small parts. When we try 
to print larger or solid parts, technical challenges arise—mainly due to how these materials behave during 
heating and cooling. We are actively developing and improving the process to make it more reliable with these 
metals in larger formats.

To determine the development stage of each material, we use an international scale called the Technology 
Readiness Level (TRL), which ranges from 1 to 9 (from experimental to fully ready for industrial production).

Meltio has adapted this scale into an internal classification with four levels:

● Meltio Explore (TRL 1–3): Initial exploration phase. For R&D only.

● Meltio Develop (TRL 4–6): Validation of initial concepts and prototype testing, ongoing parameter 
improvement, and profile standardization.

● Meltio Qualified (TRL 7–8): Materials ready for demanding applications. High reliability.

● Meltio Proven (TRL 9): Fully validated for production. Final industrial use.

Copper and aluminum are currently between TRL 3 and 5, meaning they are in validation and optimization phases. 
In contrast, steels, nickel alloys, and titanium are already between TRL 7 and 9, which means they are successfully 
used in real-world applications.

Meltio Materials TRL

ER70S-6 Qualified - Proven

SS316L Qualified - Proven

SS308L Qualified - Proven

17-4Ph Qualified 

Nickel 718 Qualified - Proven

Nickel 625 Qualified

H11 Qualified - Proven

Titanium Grade 5 Qualified - Proven

ErCuNiAl Develop

CuCrZr Develop

Al 4046 Develop



Material Material Family Fully Characterized / 
Tested - IR Laser

Fully Characterized / 
Tested - Blue Laser Availability

ER70S-6 / K11140 Mild Steel Fully Characterized Fully Characterized Meltio

316L / S31603 Austenitic Stainless 
Steel Fully Characterized Fully Characterized Meltio

308 / S30800 Austenitic Stainless 
Steel Tested Fully Characterized Meltio

410 / S41000 Martensitic Stainless 
Steel Tested Tested Compatible

420 / S42000 Martensitic Stainless 
Steel Tested Tested Compatible

Super Duplex / UNS 
S32750

Austenitic - Ferritic 
Stainless Steel Fully Characterized Tested Meltio

TS H11 / 1.2343 Tool Steel Fully Characterized Fully Characterized Meltio

TS H12 / 1.2605 Tool Steel Tested Tested Compatible

TS H13 / 1.2344 Tool Steel Tested Tested Compatible

TS P20 / 1.2311 Tool Steel Tested Tested Compatible

Invar 36 / 1.3912 Nickel Alloy Fully Characterized Tested Meltio

Nickel 718 / 
ERNiFeCr-2 Nickel alloy Fully Characterized Fully Characterized Meltio

Nickel 625 / ENiCrMo-3 Nickel Alloy Tested for Cladding Fully Characterized Meltio

Hastelloy X / 2.4665 Nickel alloy Tested Tested Compatible

Ni-(CW) Carbide in Ni matrix Tested for Cladding Tested Compatible

Nitinol Nickel alloy Tested Tested Compatible

Monel K500 / 2.4375 Nickel alloy Tested Tested Compatible

Ti-6Al-4V / 3.7165 Titanium Alloy Fully Characterized Fully Characterized Meltio

ERCuSi-A / CuSi3Mn1 Bronze Tested Tested Compatible

ERCuNiAl / CuAl9Ni5 Bronze Tested Fully Characterized Compatible

Babbitt White Metal Tested for Cladding Tested Compatible

Stelloy 6 / ERCoCr-A Cobalt alloy Tested for Cladding Tested Compatible

White Gold Noble Metal Tested Tested Compatible

24K Gold Noble Metal Tested Tested Compatible

List of Tested Materials by Meltio
In the next section, Meltio has tried to summarize all the materials that were successful during the parametrization 
and characterization. All the materials are divided by material family, if the material is fully characterize or only 
tested with a few samples and if is available in Meltio material catalogue.

Meltio Materials Handbook

Material Material Family
Fully 

Characterized / 
Tested - IR Laser

Fully 
Characterized / 
Tested - Blue 

Laser

Availability

ER70S-6 Mild Steel Characterized Characterized Meltio material

SS316 Austenitic Stainless Steel Fully Characterized Fully Characterized Meltio material

SS307 Austenitic Stainless Steel Tested Tested Compatible

SS308 Austenitic Stainless Steel Tested Fully Characterized Meltio material

17-4PH
Precipitation Hardening 

Stainless Steel
Fully Characterized Fully Characterized Meltio material

1.4343 (SS309) Austenitic Stainless Steel Tested Tested Compatible

SS410 Martensitic Stainless Steel Tested Tested Compatible

SS410NiMo Martensitic Stainless Steel Tested Tested Compatible

SS420 Martensitic Stainless Steel Tested Tested Compatible

Super Duplex
Austenitic - Ferritic 

Stainless Steel Tested Tested Compatible

35N Alloy Structural Steels Tested Tested Compatible

Invar Nickel Alloy Fully Characterized Tested Compatible
Nitinol Nickel Alloy Tested Tested Compatible

Inconel 718 Nickel Alloy Fully Characterized Fully Characterized Meltio material
Inconel 625 Nickel Alloy Fully Characterized Fully Characterized Meltio material
Monel K500 Nickel Alloy Tested Tested Compatible
Hastelloy X Nickel Alloy Tested Tested Compatible

H11 Tool Steel Fully Characterized Fully Characterized Meltio material

H12 Tool Steel Tested Tested Compatible

H13 Tool Steel Tested Tested Compatible

P20 Tool Steel Tested Tested Compatible
M7 Tool Steel Tested Tested Compatible

Stellite Cobalt Alloy Tested Tested Compatible
Ti 553 Titanium Alloy Tested Tested Compatible

Titanium Grade 5 Titanium Alloy Fully Characterized Fully Characterized Meltio material

Meltio can supply any material, ask for the  Official List of Available Materials .

Always request availability of said material through Meltio, we will provide the material in the shortest time 

or if it is not possible we will recommend the point of contact.
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Material Material Family
Fully 

Characterized / 
Tested - IR Laser

Fully 
Characterized / 
Tested - Blue 

Laser

Availability

ERCuSi-A Bronze Tested Tested Compatible

Bronze Bearing Bronze Tested Tested Compatible

Bronze Marine (ErCuNiAl) Bronze Fully Characterized Fully Characterized Meltio material

CuCrZr Copper Tested Tested Meltio material

CuNi7 Cupronickel Tested Tested Compatible

CuNi30 Cupronickel Tested Tested Compatible

Babbit (Tin) White Metal Tested Tested Compatible

Pure Gold Noble Metal Tested Tested Compatible

White Gold Noble Metal Tested Tested Compatible

Red Gold Noble Metal Tested Tested Compatible

Silver Noble Metal Tested Tested Compatible

4046 Aluminum Alloy Tested Tested Meltio material

5183 Aluminum Alloy Tested Tested Under Development

AlMg4,5Mn (5083) Aluminum Alloy Tested Tested Under Development

6061-Ram 2 Aluminum Alloy Tested Tested Under Development

Scalmalloy Aluminum Alloy Tested Tested Under Development

Al7Si Aluminum Alloy Tested Tested Compatible

NICARW (Ni-CW 
composite)

Specialty Tested Tested Compatible

Haynes 25 Cobalt alloy Tested Tested Compatible

Open Materials Platform

Material Development Partners Available Materials

Freedom of printing with equivalent materials on the market or experimenting with other alloys

Meltio can supply any material, ask for the  Official List of Available Materials .

Always request availability of said material through Meltio, we will provide the 

material in the shortest time or if it is not possible we will recommend the point of contact.

 Partners who have acquired 

Meltio systems and are testing 

wire materials in-house.

List of Tested Materials by Meltio (Continuation)



Introduction to Meltio Material Datasheets
Material datasheets (https://meltio3d.com/materials/) are technical documents that provide detailed information on 
the properties, characteristics, and specifications of a particular material. These documents are an essential tool for 
engineers, designers, and manufacturers as they allow them to select the appropriate material for a specific 
application, evaluate its performance, and predict its behavior under different conditions of use.

Inside a datasheet, a customer should find detailed information about properties, characteristics and different 
specifications of the material. This datasheets will lead to a better understanding and better material selection for a 
specific application.

Contents of Meltio Material Datasheets

General Properties

Including general information on the material and the 
printing machinery, such as: wire diameter, spool 
weight, spool type, coating presence, melting point, 
material density, recommended build plate, 
recommended drive wheels, and the type of 
inertization required.

Chemical Properties

Consists of the chemical composition of the material. 
It lists all its alloys and their proportion. In addition to 
the chemical composition.

Heat Treatment

It can be found a small text about the mandatory 
nature of the heat treatment followed by the main 
recommended steps to carry it out.

Tested Print Profiles

A table of basic printing parameters that have 
demonstrated good performance on Meltio machines. 
It includes the material deposition rate, volume rate, 
relative density achieved with Meltio systems, and 
general data such as maximum pore size and 
observed defects.

Internal Structure

Ensure that the material meets industry requirements 
for density, microstructure, and absence of defects, all 
of which are critical for achieving optimal mechanical 
properties.

Structural Properties and Reference 
Standards

It shows all the values of mechanical properties 
obtained from the material, with a table to be able to 
make the comparison with some casting and 
forging standards. The aim is that the material 
approaches or even exceeds the standards of the 
sector.

Meltio Materials Handbook



Meltio Stainless Steel 
17-4PH

A martensitic precipitation 
hardened stainless steel 
capable of achieving high 
hardness while offering 
excellent corrosion 
resistance. Typical 
applications include pump 
impellers, pipes, and 
valves.

Meltio Mild Steel ER70S

Mild steel with adequate 
mechanical properties and 
high ductility. Easily welded 
and machined.

Meltio Tool Steel H11 

One of the most commonly 
used tool steels, thanks to 
its outstanding impact 
toughness. Widely used for 
hot tooling applications, in 
the manufacturing of dies, 
and in aerospace 
applications.

Meltio Titanium 64

High strength Alpha+Beta 
alloy with excellent fracture 
toughness, corrosion 
resistance and 
biocompatibility. Widely 
used in aerospace, marine, 
chemical and biomedical 
industries.

Meltio Nickel 718

High strength nickel-super 
alloy with large working 
temperature range. Highly 
resistant against cracking 
while protecting well 
against corrosion.

Meltio Nickel 625 

Ni625 excels for its 
weldability, making it an 
ideal choice for cladding or 
repair of components 
working at high 
temperatures or requiring 
increased corrosion 
protection.

Meltio Invar 

This alloy gets its name 
thanks to its extremely low 
coefficient of thermal 
expansion, from -250°C up 
to about 200°C. Ideal for 
measuring equipment, 
cryogenic applications and 
molds for composite 
components.

Current Meltio Material Datasheets

Key Takeaways from Material Datasheets

“Real” Materials

With Meltio the 
material 
composition used 
for additive 
manufacturing is 
close to the 
commodity material 
used in the welding 
industry, not a 
special blend for 
AM.

Density

All our material test 
are targeted  to find 
showcases with 
densities above 
99.75%, up to 
99.87% for Titanium 
or 99.97% for 
316LSi.

This is as good as it 
gets in Metal AM, 
no other technology 
can beat us.

Near Isotropy

The Compact heat 
affected zone, high 
cooling rate and 
excellent densification 
lead to a uniform 
microstructure and high 
levels of isotropy. 

Parts typically show 
less than 10% 
anisotropy in Ultimate 
tensile strength placing 
Meltios printing process 
at the leading edge of 
what is achievable in 
direct metal 3D Printing.

Rivaling 
Traditional Mfg

All of our tested 
material results in 
terms of mechanical 
properties are 
compared to casting 
and wrought.

All results are 
superior to casting 
and most of them 
are up to par with 
wrought,  in 
accordance with the 
available base 
standard.

Deposition 
Parameters
Meltio provides a set 
of developed and 
validated process 
profiles, integrated 
into its own Slicers, 
which allow 
reproducible and 
high quality results to 
be obtained.

In addition all testing 
data comes 
referenced with the 
third party lab 
responsible for the 
analysis of the 
samples.

Meltio Stainless Steel 316L

Highly corrosion-resistant grade of austenitic stainless steel with great mechanical properties. Ideal for marine and 
chemical applications.

Meltio Titanium 64

High strength Alpha+Beta alloy with excellent fracture toughness, corrosion resistance and biocompatibility. Widely 
used in aerospace, marine, chemical and biomedical industries.

Meltio Stainless Steel 17-4PH

A martensitic precipitation hardened stainless steel capable of achieving high hardness while offering excellent 
corrosion resistance. Typical applications include pump impellers, pipes, and valves.

Meltio Nickel 718

High strength nickel-super alloy with large working temperature range. Highly resistant against cracking while 
protecting well against corrosion.

Meltio Mild Steel ER70S

Mild steel with adequate mechanical properties and high ductility. Easily welded and machined.

Meltio Nickel 625 

Ni625 excels for its weldability, making it an ideal choice for cladding or repair of components working at high 
temperatures or requiring increased corrosion protection.

Meltio Tool Steel H11 

One of the most commonly used tool steels, thanks to its outstanding impact toughness. Widely used for hot tooling 
applications, in the manufacturing of dies, and in aerospace applications.

Meltio Invar 

This alloy gets its name thanks to its extremely low coefficient of thermal expansion, from -250°C up to about 200°
C. Ideal for measuring equipment, cryogenic applications and molds for composite components.

Meltio CuCrZr

High-performance copper alloy with excellent thermal and electrical conductivity, combined with enhanced 
mechanical strength thanks to chromium and zirconium additions. Ideal for heat exchangers, electrical components, 
and welding electrodes.

Meltio Aluminun 4046

Aluminum-silicon alloy with good corrosion resistance and excellent weldability. Commonly used as a filler metal or 
for components requiring thermal management and good surface finish.

Meltio Marine Bronze (ERCuNiAl)

Copper-nickel-aluminum alloy designed for high-strength applications in marine environments. Combines excellent 
corrosion resistance with good mechanical performance, making it suitable for shipbuilding, offshore components, 
and desalination equipment.

Meltio Materials Handbook



HOTWIRE 
MODULE

DIODE 0.4 to 0.6V voltage drop 

PROCESS CONTROL SENSOR

Voltage set 
to 5.000mV

5.000mV -500mV= 4500mV

Sensibility defined to 3000 mV

When wire is touching substrate, voltage is close to 0mV, with 
this the total power generated through joules effect can be 
calculated but cannot be measured if it is applied in the melt 
pool or along a larger distance or are/volume

When wire lose contact with substrate, the voltage the process 
control sensor will read would be 4500mV and 0 Amperage of 
Hotwire, activating the process control routine feeding extra 
wire. 
Process control sensibility should be always smaller than 
Hotwire voltage - diode voltage drop including an extra offset of 
1000mV approx.
In this illustration the lowest sensibility for process control 
should be 3500mV 

Laser Power: this we alway set max of the machine in order to get maximum deposition rate
Layer Height: Current parameters for 1.0kw goes from 1 to 1,2mm
Layer Width:  Current parameters for 1.0kw goes from 1 to 1,4mm
Print Speed: Based on using max power ,and the LH y Lw stated above we now in most of the cases there is no 
porosity between passes, so different sets of speeds are tested, after this cut with wire EDM and then evaluated 
through penetrant liquid test. Our focus is to reach the maximum energy density (Laser Power/ LH*LW*Print Speed) 
that allows a stable process, a stable process means no Process Control Activations. Usually lower speed allows 
higher concentrations of heat allowing higher deposition rates when compared to moving faster and smaller LH and 
LW.

Always ensure the feeder is properly tightened

Process Control Working Principle: Process control detects lack of continuity between the head and the substrate, 
adding rapidly more material when triggered to ensure proper contact.

When It Happens:
- Too high energy density (wire melts before melt pool)
- Incorrect or increasing working distance
- Excessive overhangs on perimeters

Key Solutions:
-  Adjust energy density by lowering laser power or increasing speed
  -  Use working distance wizard and/or increase material flow
-  Evaluate if the part is properly designed for Meltio AM.

Why It Matters:
Combining precise Process Control with Meltio’s design guidelines ensures stable, high-quality prints and 
maximizes wire-DED potential

Based on our research we also develop tests deactivating Process Control, so if the energy density is to high the print 
will stop due to no wire continuity so we are sure the process control is not affecting  the results

When this first part is optimized for a certain material , then  a second round of optimization for Hotwire should be 
added as using it since the beginning can be unpredictable. Ideally should be developed without process control to 
ensure process reliability and later add to it in order to help on overhangs or in different geometries less standard.

Hotwire is composed of the following elements based on the Joules Effect (this behavior depends on material 
composition, more conductive materials generate smaller effect, with 316ss we will get higher effect compared to 
copper that would be minimum):

Hotwire Current: 0-75A (minimum noticeable value 20A, very high values can make the wire melt or be glowing hot or 
to be very plastic before entering the laser meltpool making the process unstable, this is depending on the amount of 
material used.)
Hotwire Voltage(mV): 0 - 10.000mV (standard Value 5.000, minimum 3.500(this can cause that system cannot reach 
amperage defined), max 10.000(more amplitude in amperage regulation, slower, also not recommended as Process 
control is based on 5 Volts)) RECOMMENDED ONLY BETWEEN 5000 AND 6000mV
Process Control Mode: If  hotwire is used should be set to Voltage mode should be used, if not current mode is used 
for standard printing
Process Control sensitivity(voltage):  standard 3000mV it can be changed following the scheme below
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Relevant Additive Manufacturing Parameters Configuration for Solid Profiles
Laser Power

For all materials and configurations, the laser power should be set to the maximum available on the machine 
to achieve the highest possible deposition rate. The rest of the parameters will be optimized to ensure a 
reliable process. 

Our focus is to reach the maximum energy density (Laser Power/ LH*LW*Print Speed) that allows a stable 
process, a stable process means no Process Control Activations. Usually lower Printing Speed and larger lh 
and LW allows higher concentrations of heat allowing higher deposition rates when compared to moving faster 
and smaller LH and LW. Different sets of Print Speeds are tested, after this cut with wire EDM and then 
evaluated through penetrant liquid test, the result with the highest deposition rate and less porosity is selected.

Process ControlCommon Activation Scenarios

● Excessively high energy density (wire melts before reaching the melt pool)
● Incorrect or increasing working distance
● Excessive overhangs in the print geometry

Solutions

● Reduce energy density: lower laser power or increase speed
● Use the Working Distance Wizard and adjust material flow rate
● Evaluate and adapt the design for Meltio AM capabilities

Why It Matters

Combining accurate Process Control with Meltio design guidelines ensures reliable, high-quality prints and 
fully leverages the potential of wire-based DED.

In the infrared system, tests were performed at ±45° the infill will rotate only in this two directions , while 
in the blue system, a rotating pattern of +45° was applied to each layer.

In order to achieve high density parts there are a few key requirements. The single most important requirement 
leads to the energy input per unit volume of material. Insufficient energy input will lead to pores and lack of fusion, 
which results in poor material performance, on the other hand excessive energy input will lead to unstable process 
and process control activations

The most relevant parameters for this study are: Deposition Speed, Layer Height, Layer Width, Laser Power 
and Rotation angles and Process Control. The energy density is not an input parameter, but rather a result 
between the extrusion width, layer height, print speed and laser power.  Recommendation: Always ensure the wire 
feeder is properly tightened to prevent deposition issues.

Parametrization Steps for  High Density Parts With A 
Reliable Process

In the infrared system, tests were performed at +45° and -45°, with the infill alternating between these two single 
directions.  In contrast, the blue system uses a continuously rotating pattern of +45° applied to each successive 
layer in order to ensure homogeneous distribution of heat as well as offering more angles to much better more 
geometries or to have a more agnostic perspective and not be part topology dependent or the part being affected 
by it. 

Print Speed

Process Control monitors the continuity between the deposition head and the substrate. When continuity is lost, 
the system automatically increases material flow to restore contact. Combining accurate Process Control 
with Meltio design guidelines ensures reliable, high-quality prints and fully leverages the potential of 
wire-based DED.

Common Activation Scenarios

● Excessively high energy density (wire melts before reaching the melt pool)
● Incorrect or increasing working distance  (wire melts before reaching the melt pool)
● Excessive overhangs in the print geometry

Solutions

● Reduce energy density: lower laser power (decrease deposition rate) or increase Print 
Speed (increase deposition rate)

● Use the Working Distance Wizard and adjust Material Flow Rate
● Evaluate and adapt the design for Meltio AM capabilities

Rotation angles

Layer Parameters for Solid Profiles

● Layer Height (LH): 1.0 – 1.2 mm. Larger Layer Heights will make the material be out of 
the Machine Working Distance. Larger laser power allow larger layer heights.

● Layer Width (LW): 1.0 – 1.4 mm. Based on our experiments the layer width is always 
slightly larger than the LH, this will offer good adhesion between passes, using way larger 
LW can cause porosity between passes.

For solid profile printing with the Meltio system, it is recommended to use the following layer parameters to ensure optimal 
bead geometry and part integrity:

● Layer Height (LH): 1.0 – 1.2 mm
 This range provides a good balance between build rate and fusion quality. Lower values offer better interlayer 
bonding, while higher values improve deposition efficiency in larger builds.

● Layer Width (LW): 1.0 – 1.4 mm
 Suitable for achieving solid walls with adequate overlap between passes. A wider bead helps with part density and 
reduces the risk of porosity, especially in multi-track layers.

For printing solid profiles with the Meltio system, it is recommended to use the following layer parameter ranges 
to ensure optimum density and stability in the printing process:

During the first phase of material optimization, we recommend deactivating Process Control to 
confirm process reliability. If the energy density is too high, the print will fail due to lack of wire 
continuity—this ensures that the process itself is stable without relying on correction mechanisms and 
allows to find the top of the process window, focusing on reducing porosity adjusting the energy density 
(lower part of the process window). Once stability is achieved, Process Control can be re-enabled to 
help with overhangs or non-standard geometries.

Testing Without Process Control
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HOTWIRE MODULE: 
Voltage set to 5.000mV

DIODE: 
500 mV voltage drop
5000mV - 500mV = 4500mV 
 

Hotwire Integration (Advanced)

Once the initial print parameters are optimized, Hotwire can be introduced for further improvements. It is not 
recommended to use Hotwire from the beginning due to process unpredictability.

Electrical Settings (Based on Joule Effect)

The effect varies by material conductivity, greater resistance greater effect (e.g., greater in stainless steels like 
316L, minimal in copper).

Process Control Mode

● Without Hotwire: Use Automatic Current Mode 

● With Hotwire: Use Voltage Mode

○ Default sensitivity: 3000 mV
○ Can be adjusted depending on material and stability following the above guidelines.

● Hotwire Current: 0–75 A
○ Minimum effective: 20 A
○ High values may overheat the wire, leading to instability and Process Control Activations.

● Hotwire Voltage: 3500–6000 mV
○ Recommended: 5000–6000 mV
○ <3500 mV may prevent current ramp-up.
○ 6000 mV or more may destabilize the system and interfere with Process Control (which 

operates around 5000 mV).

Process Control Sensor: 

Sensibility defined to 3000 mV

When wire is touching substrate, voltage ins close to 0mV, with this the total power generated through joules 

effect can be calculated but no cannot be measured if it is applied in the melt pool or along a larger distance or 

are/volume. When wire lase contact with substrate, the voltage the process control sensor will read would be 

4500mV and  0 Amperage of Hotwire, activating the process control routine feeding extra wire.

Process control sensibility should be always smaller than Hotwire voltage - diode voltage drop including an extra 

offset of 1000mV approx. In this illustration the lowest sensibility for process control should be  3500mV



1: High Speed & Lack of Fusion

Low Energy Density

Parts printed within this range of energy densities can be 
produced at the highest speed but with serious defects, 
often containing multiple long linear indications of lack of 
fusion. Use parameters within this band for printing parts 
quickly when mechanical properties are not of 
importance. Beware that due to the large sizes, defects 
may appear visible to the naked eye after machining.

Typical Defect Pattern for parts that show “Lack of Fusion”.

2: Medium Speed & Minor Defects

Medium Energy Density

Parts printed in this range generally do not show defects 
that are visible to the naked eye and perform well 
mechanically. Defect size is generally smaller than 250 
microns but may affect fatigue life of the component 
adversely. Parts printed in this range show minor defects.

3: Fully Dense Parts

High Energy Density

Parts printed in this region do not show any defects that 
can be detected using CT Scanning. Density 
measurements beyond this point must be performed 
using metallography. We find that parts in this region 
typically show densifications greater than 99.99%. This 
however comes at the price of print speed which is 
typically much lower.

Defect-Free Build using High Energy Density.

Note: The results and classification of process bands are based purely on the described methodology and only serve as guidance 
for the easy selection of applications dependent process parameters.

Process Bands
Interpretation of Results

When Interpreting the results of the aforementioned study we find that we can group our parts into three different 
Process Bands based on the energy density they were produced with: Lack of Fusion, Minor Defects and Fully 
Dense Parts.

Meltio M450 and M600:
Due to the Volumetric Material Calculation that happens directly in the slicing software, we need to recalculate the 
material volume. Use the following formula to calculate the energy density:

Meltio Engine:
Calculating the energy density for the Meltio Engine is easier as the wire feed-rate is a direct input parameter. Here 
the material volume is calculated using wire feed-rate and the wire diameter.

Energy Density Formules
As previously mentioned, the energy density is a parameter that relates the volume of material deposited to a defined 
energy input. The unit for energy density is Jules / mm^3.Please note that energy density values are not extrapolable 
within different materials as they have different laser absorption and behavior. Also the formula does not consider all 
the physical properties of the material being printed but offer an approachable way of characterizing the materials.

Meltio Materials Handbook



Meltio qualifies materials through a structured, step-by-step process divided into four phases, designed to identify 
optimal printing parameters and validate the material’s performance for industrial applications using the Meltio 
Blue system.

Phase 0 serves as a preliminary stage in which the general printability of the material is evaluated. This 
includes verifying the stability of the melt pool, assessing arc behavior, and ensuring the wire feedability and 
compatibility with Meltio’s system. If the material proves printable under basic conditions, it proceeds to the 
qualification workflow.

Phase 1 is divided into two stages: Test A and Test B. In this phase, a wide range of parameter sets is tested 
using CT scanning and hardness measurements to evaluate bulk density. The primary goal is to identify 
parameter sets that meet the requirements of the NASA-STD-6030 standard. Any parameters that fail to deliver 
macroscopically dense builds are discarded.

Phase 2 uses the selected parameter from the previous phase to fabricate larger preforms intended for the 
extraction of tensile and metallographic samples. During this phase, heat treatments are applied to optimize 
the mechanical properties of the material. The goal is to assess and refine the material’s mechanical 
performance under standardized conditions. At the end of this phase, comprehensive data is collected, allowing 
for the creation of a detailed material datasheet.

Phase 3 involves validating the chosen parameter through impact or fatigue testing on large preforms. 
Additional analyses, such as chemical composition checks, are carried out to confirm the material’s 
consistency and reliability.

Below are the main steps required to successfully complete each phase of the qualification process.

Characterization Development Phases for Solid parts

Blue System

Meltio qualifies materials through a step-by-step approach, exclusively designed for the Meltio Infrared Printing 
System, divided into three phases with the goal of identifying the optimal printing parameters.

Phase 1: In this initial phase, a wide range of parameter sets is tested using computed tomography (CT) and 
hardness measurements to estimate bulk density. All parameter sets that do not result in macroscopically dense 
builds are discarded.

Phase 2: The top three parameter sets from Phase 1 are selected to produce larger preforms. These preforms are 
used to extract samples for tensile testing and metallographic analysis. Heat treatments are applied during this 
phase as required. By the end of Phase 2, sufficient data is gathered to generate a preliminary material datasheet.

Phase 3: The best parameter set identified in Phase 2 is used to produce large preforms for impact or fatigue 
testing. Additional evaluations, such as chemical composition analysis, are conducted to verify the final properties 
of the material.

Infrared System

Meltio Materials Characterization Methodology
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Verification Process

This section describes the process verification system, both the Meltio infrared and the Meltio Blue systems, for 
parameter selection, in order to identify the ones that provide the best relative density.

Samples are built using simple geometries (Phases 1), from which by-products are extracted to perform defect 
analysis and classify the different energy density bands. For the acceptance of these samples, they must 
demonstrate high densification in the printed parts.

This information allows users of the Meltio systems to select the most efficient process to achieve the target 
material quality.

Verification Process for Optimal Parameter Selection and Material Density

The verification system depends on the Meltio system being used:

The process verification consists of two steps: the first is an analysis using penetrant liquids to detect surface 
defects in the samples, and the second involves performing micrography on the samples to assess defect size 
and material density (based on NASA-STD-6030 standards).

The sample dimensions are 250mm*250mm*30mm (X*Y*Z), and we extract 6 specimens of 
30mm*60mm*30mm (X*Y*Z) for penetrant liquid testing and micrography.

According to the standard, the porosity should be less than 0.25% of the volume in 6cm², with pore sizes under 
100 microns. The full results of the material testing process can be found in the material data sheets for each of 
the Meltio materials.

Blue System:



Phase 2 - Structural Properties

Once the phase 1 parameters were accepted, we 
constructed sufficient samples to perform statistically 
significant tests for each set of parameters.

Preform Size: 95mm x 155mm x 55mm
Preform Cut Size: 30mm x 155mm x 55mm
Sample Size: M4 cylindrical  (UNE EN ISO 6892-1)
Number of samples: 16 samples in two directions, 8 
horizontal and 8 vertical per block.
Printing Direction: XY

Tested Attributes:
- Density
- Hardness post Heat Treatment
- Tensile Strength
- Metallography

Phase 0 - Printability

A large range of parameters are tested to define the 
process window.

Preform Size: 15mm x 30mm x 60mm

Varied Parameters: Layer Height, Laser Power, Print 
Speed, Flow Rate

Phase 3 - Advanced Properties

Selection of best parameter set from phase 2. Advanced 
tests are carried out based on the material.

Preform Size: 30 mm x 100mm x 100mm
Sample Size: Depending on the test (ASTM)
Number of samples: From 16 to 40.
Printing Direction: XY and XZ

Tested Attributes:

- Fatigue Testing
- Impact Testing
- Chemical Analysis
- RDX testing

Phase 1 - Bulk Density

Subselection of best results from phase 0 we build 
sufficient samples for statistically significant testing for 
each of parameter set.

TestA
Preform Size: 67mm x 50mm x 70mm
Tested Attributes:

- Liquid penetrant test

Test B
Preform Size: 250mm x 250mm x 30mm
Number of samples: 6

Tested Attributes:
- Density
- Micrography
- Metallography

Test A

Test B

Characterization Phases - Blue System

Preform Cut Size

Preform Size

Meltio Materials Handbook



Characterization Development Phases for Solid parts

Meltio qualifies materials through a step-by-step approach, exclusively designed for the Meltio Infrared 
Printing System, divided into three phases with the goal of identifying the optimal printing parameters.

Phase 1: In this initial phase, a wide range of parameter sets is tested using computed tomography (CT) and 
hardness measurements to estimate bulk density. All parameter sets that do not result in macroscopically dense 
builds are discarded.

Phase 2: The top three parameter sets from Phase 1 are selected to produce larger preforms. These preforms 
are used to extract samples for tensile testing and metallographic analysis. Heat treatments are applied during 
this phase as required. By the end of Phase 2, sufficient data is gathered to generate a preliminary material 
datasheet.

Phase 3: The best parameter set identified in Phase 2 is used to produce large preforms for impact or fatigue 
testing. Additional evaluations, such as chemical composition analysis, are conducted to verify the final 
properties of the material.

Infrared System (Legacy)

Meltio Materials Characterization Methodology
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Verification Process

This section describes the process verification system, both the Meltio infrared and the Meltio Blue systems, for 
parameter selection, in order to identify the ones that provide the best relative density.

Samples are built using simple geometries (Phases 1), from which by-products are extracted to perform defect 
analysis and classify the different energy density bands. For the acceptance of these samples, they must 
demonstrate high densification in the printed parts.

This information allows users of the Meltio systems to select the most efficient process to achieve the target 
material quality.

The verification of the printing process involves CT scan analysis of a large number of samples to ensure good 
part density.

The printed samples have dimensions of 60mm*30mm*15mm (X*Y*Z), from which two specimens of 
10mm*50mm*10mm (X*Y*Z) are extracted for CT scan analysis.

CT scans are performed at a resolution of 24 microns per pixel by an external laboratory. The full results of the 
material testing process can be found in the material data sheets for each of the Meltio materials.

Verification Process for Optimal Parameter Selection and Material Density

The verification system depends on the Meltio system being used:

Infrared System:



Characterization Phases - Infrared System

Phase 2 - Basic Properties

Subselection of best results from phase 1 we build 
sufficient samples for statistically significant testing for 
each of parameter set.

Preform Size: 30mm x 160mm x 70mm
Sample Size: M10 cylindrical  (UNE EN ISO 6892-1)
Number of samples: 48
Printing Direction: XY and XZ

Tested Attributes:
- Density
- Hardness post Heat Treatment
- Tensile Strength
- Metallography

Phase 1 - Bulk Density

A large range of parameters are tested to define the 
process window.

Preform Size: 15mm x 30mm x 60mm
Sample Size: 10mm x 10 mm x 60mm
Number of samples: 10

Varied Parameters: Layer Height, Laser Power, Print 
Speed, Flow Rate

Tested Attributes:
- Density
- Hardness

Phase 3 - Advanced Properties

Selection of best parameter set from phase 2. 
Advanced tests are carried out based on the material.

Preform Size: 30 mm x 100mm x 100mm
Sample Size: Depending on the test (ASTM)
Number of samples: From 16 to 40.
Printing Direction: XY and XZ

Tested Attributes:

- Fatigue Testing
- Impact Testing
- Chemical Analysis
- RDX testing

Meltio Materials Handbook



Meltio characterizes hollow cylinders manufactured through metal additive manufacturing using a structured 
cylindrical geometry measuring 80 mm in diameter and 150 mm in height. This geometry is specifically 
designed to determine optimal printing parameters and validate the structural and mechanical 
performance of the part for industrial applications.

This approach ensures that the hollow cylinder geometry — which presents specific challenges such as thermal 
gradients, wall stability, and roundness — can be reliably produced with consistent material quality and 
dimensional accuracy using the Meltio system.

Characterization Development Phases for Hollow parts
Blue System

Meltio Materials Characterization Methodology

Meltio Materials Handbook

Meltio characterizes hollow cylinders manufactured through metal additive manufacturing using a structured, 
step-by-step methodology divided into four phases, designed to determine optimal printing parameters and 
validate the structural and mechanical performance of the geometry for industrial applications.

This process ensures that the hollow cylinder geometry — which presents unique challenges such as thermal 
gradients, wall stability, and roundness — can be reliably produced with consistent material quality and 
dimensional precision using the Meltio system.

hablar de la proporcion, hablar del tiempo minimo de capa, hablar de los  1P 2P y que los  3P sin solidos y se 
toma el mismo perfil que solida pero añadiendo un perimetro mas.

Añadir cilindro con las dimenciones de impresion, 

Añadir tabla con los valores de 1.4KW de 1 y 2 P para comparativa de proporciones. 

en trayectorias de un solo perímetro se observa que los calores de la relación de aspecto  se sitúan en los 
materiales entre  0.20 y 0.36,   se observa que  en los aceros inosxidables tenemos  un RA de 0.2424, en el Mild 
steel de 0.2424 , tool steel  0.2656, Titanio  de 0.3226, nickel entre  0.2286 y 0.2083, Cobres/ bronce entre 0.36, 
0.2667 y Aluminio  de 0.2, se observa  que se tieen mas alton que ancho en los parametros desarrollados,estos 
valores hacen que se tenga una estavilidad en el desarrollo  de la impresion. 

La relación de aspecto (RA), definida como el cociente entre la altura de deposición y la anchura del cordón depositado:

RA=AlturaAnchura\text{RA} = \frac{\text{Altura}}{\text{Anchura}}RA=AnchuraAltura 

es un parámetro geométrico clave para caracterizar la sección transversal de los cordones generados mediante deposición láser con hilo. Su 
análisis permite evaluar la estabilidad del baño fundido, la eficiencia de fusión entre capas, y el control dimensional general de la pieza 
fabricada.

En función de la estrategia de deposición, particularmente del número de perímetros utilizados, la relación de aspecto puede presentar 
variaciones significativas que influyen directamente en el comportamiento y la calidad del proceso.

Trayectorias de Un Solo Perímetro

En configuraciones de un solo perímetro, los valores de RA obtenidos en nuestras pruebas se sitúan entre 0,20 y 0,36, con una media 
aproximada de 0,24 a 0,26. Estos valores corresponden a cordones anchos y relativamente bajos, optimizados para asegurar una buena 
adhesión entre capas sin provocar acumulaciones verticales indeseadas. Esta geometría favorece la estabilidad térmica y permite una 
deposición eficiente para estructuras de volumen o áreas sin requisitos estrictos de definición perimetral.

Se ha observado una leve tendencia decreciente de la RA con el aumento de velocidad de deposición, debido a la reducción en altura 
provocada por una menor transferencia térmica por unidad de longitud. No obstante, esta relación depende también de parámetros como 
potencia láser, caudal de hilo y material utilizado.

Trayectorias de Dos Perímetros

En trayectorias de dos perímetros, la geometría del cordón presenta diferencias notables. Los valores de RA se encuentran en un rango más 
amplio, entre 0,27 y 0,82, con una frecuencia mayor entre 0,45 y 0,60. Esto indica una sección transversal más alta y estrecha, lo que permite 
una mejor definición geométrica en contornos externos y mayor control en la acumulación vertical de material.

La utilización de dos perímetros mejora la resolución lateral y la estabilidad dimensional, siendo especialmente útil en la fabricación de paredes 
delgadas, contornos definidos y piezas con mayores exigencias de precisión. Sin embargo, también introduce una mayor sensibilidad térmica 
local, derivada de la interacción entre trayectorias adyacentes, por lo que es fundamental ajustar adecuadamente parámetros como la 
distancia entre hilos, velocidad y potencia para mantener la estabilidad del proceso.

En trayectorias de un solo perímetro, se observa que los valores de la relación de aspecto (RA) para los distintos 
materiales se sitúan en un rango comprendido entre 0,20 y 0,36.

En concreto, los aceros inoxidables y el mild steel presentan un RA característico de 0,2424, mientras que el tool 
steel alcanza un valor de 0,2656. El titanio muestra una relación más elevada, con un RA de 0,3226,lo que es devido 
a que permite una altura de capa ams grande mientras que se mantiene un ancho por ese ratio. En el caso de las 
aleaciones de níquel, los valores se sitúan entre 0,2286 y 0,2083, ligeramente por debajo de la media, mientras que 
los cobres y bronces presentan una variabilidad mayor, con valores de 0,36 y 0,2667. Por último, el aluminio 
muestra un RA más bajo, de 0,2, indicando un perfil más ancho y bajo.

Estos valores reflejan que, en general, los cordones generados con los parámetros desarrollados tienden a ser más 
anchos que altos, lo que favorece la estabilidad térmica y la uniformidad del proceso de impresión, evitando 
acumulaciones verticales excesivas y promoviendo una deposición capa a capa consistente.

Para asegurar la estabilidad del proceso para materiales que son muy fluentes con el láser azul se añade un tiempo 
de espera por capa para evitar el sobrecalentamiento de la misma, materiales como el Titanio se le añaden 60 
segundo por capa mientras que a los materiales como el Aluminio y el Cobre que disipan mucho calor se les obvia 
este paso.

At Meltio, hollow profiles are printed using maximum laser power, as they are optimized for high deposition rate, 
ensuring complete fusion of the material. The parameters are defined based on the thermal and geometric 
behavior of each material, paying special attention to the aspect ratio (AR), that is., the ratio between the height 
and width of the deposition.

The parameterization strategy is based on the following key considerations:

Meltio characterizes hollow profiles using a cylindrical geometry with a diameter of 80 mm and a height of 
150 mm. This geometry was specifically selected to determine the optimal printing parameters.

This approach ensures that the geometry of the hollow cylinder, which presents specific challenges such as 
thermal gradients and wall stability, can be reliably manufactured with consistent material quality and 
dimensional accuracy using the Meltio system.

● The profile of a single perimeter profile is optimized for single thin-walled cylinders and validated for 
cylinders with 80 mm diameter and larger diameter geometries. In smaller parts—where the enclosed 
area or perimeter length is reduced—thermal accumulation may to happen. To prevent overheating, a 
minimum cooling time per layer is applied. For example, if the layer is completed in 20 seconds, but the 
minimum time defined per layer is 25 seconds, a 5-second pause is automatically inserted to adjust the 
time to the minimum layer time and prevent overheating in smaller areas. If the layer time is longer than 
the minimum layer time, no pause is applied.

● The double perimeter profile has also been developed to meet the requirements of applications that 
require greater wall thickness. It is optimized to improve the bond between passes and increase 
structural strength, while maintaining control over roundness and internal diameter.

● Geometries that use three or more perimeters are considered solid profiles, as they allow the use of 
infill between perimeters. These profiles follow a different parameterization strategy focused on 
controlling material deposition and internal structure..

The table below summarizes the parameters used 
for printing hollow profiles with a single perimeter 
for each available material:

● Deposition height and width: The height and width of the deposited bead depend directly on the 
fluidity and thermal conductivity of the material. Increased energy input increases both the height and 
width of the bead, altering the resulting Aspect ratio. For example, stainless steel produces thick lines 
and requires slower printing speeds to maintain stability.

○ Lines of height and width are typically formed in materials with high viscosity or low thermal 
conductivity.

○ Aspect ratio (AR) (Height / Width) values typically range from 0.20 to 0.36, depending on the 
material and energy input. To obtain these values, the layer height is divided by the layer width. 
For example, the profile of a single wall of 316LSi has an aspect ratio of 0.2424, with a 
deposition height of 1.2 mm and a deposition width of 4.95 mm.

● Base Print Speed: Base print speed: The base print speed is selected together with the line dimensions 
to ensure stable and uniform deposition. The speed must be adjusted according to the observed quality 
of the part:

○ If you can observe material hanging, also known as “hairs,” on the print surface, it means that 
not enough energy is being transferred to the material; the profile speed should be reduced to 
match the material's needs.

○ If a wave pattern appears on the surface, which does not look completely horizontal to the 
layers, it indicates excess energy; the speed should be increased.

In addition, using slower speeds with higher bead heights and widths allows for increased deposition 
rates, as the heat retained in the printed part promotes better fusion and flow of the material.

● Cooldown Time per Layer: Cooldown time is critical for materials sensitive to thermal accumulation. 
For example, titanium for hollow 1 perimeter profile may require up to 60 seconds of cooling between 
layers to prevent overheating and ensure geometric fidelity.

This strategy also considers part size. The hollow cylinder profile is designed for geometries of 80 mm in 
diameter or greater. When printing smaller hollow profiles—either in enclosed area or length—the risk of 
heat accumulation increases. To mitigate this, a minimum cooldown per layer is applied:

○ For instance, if a geometry is set with a 25-second cooldown per layer but the actual layer time 
is only 20 seconds, an additional 5-second pause is added.

○ Conversely, if a geometry takes 35 seconds to complete, no cooldown is applied, as sufficient 
time has already elapsed during printing.

○ When the geometry has two perimeters or more, waiting times are reduced because performing 
the two perimeters maintains greater process stability.



Characterization Development Phases for Hollow parts for Blue Laser 1.4kW
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2 Perimeters

Material Revision
Deposition 

Height (mm)
Deposition 
Width (mm)

Base Print 
Speed (mm/s)

Cooldown (sec)
Aspect ratio 

(Height  / Width)

316LSi Rev12 
2025/06/16 1 2 9 10 0.5

ER70S-6 Rev1 
2025/06/16 1 2 9 10 0.5

H-11 Rev1 
2025/07/01 1 2 9 10 0.5

Titanium 64 Rev3 
2025/07/02 1,4 1,7 14,5 10 0.8235

Nickel-718 Rev1 
2025/06/30 1,2 2 10,5 10 0.6

Nickel-625 Rev1 
2025/06/30 1,2 2 10,5 10 0.6

308LSi Rev1 
2025/06/16 1 2 9 10 0.5

17-4 PH Rev1 
2025/06/16 1 2 9 10 0.5

CuCrZr Rev6 
2025/07/07 0,8 1,8 7 0 0.4444

Al-4046 Rev13 
2025/07/11 0,8 3 12,5 10 0.2667

ERCuNiAl Rev3 
2025/07/02 1 2,2 12 10 0.4545

For applications requiring two-perimeter hollow structures, Meltio systems employ a parameter strategy 
designed to ensure optimal wall integrity, dimensional precision, and material continuity. These profiles 
are printed using maximum laser power, and a controlled 0% overlap between perimeters is maintained to 
prevent porosity or lack of fusion between adjacent tracks.

The parameters have been fine-tuned for each material based on empirical testing and metallurgical behavior, 
especially regarding heat input and bead stability.

Key considerations:

● Overlap between perimeters: Contrary to standard practice, a 0% overlap is used between the two 
perimeters. This approach avoids excess material or excessive height build-up, thereby preventing 
defects related to bead accumulation. Despite the absence of overlap,lanes are effectively joined 
through optimised thermal control and precise path planning, ensuring no porosity between perimeters.

● Aspect Ratio (AR): The aspect ratio (Height / Width) typically ranges from ~0.26 to 0.82, with most 
materials clustering around 0.5, indicating balanced bead geometry. Higher ARs (e.g., Titanium 64) 
suggest taller and narrower beads, which is favorable for vertical resolution but may require more 
precise thermal control.

● Cooldown Time per Layer: Most materials use a cooldown time of 10 seconds to reduce thermal 
buildup between layers. Exceptions include high-conductivity materials like CuCrZr, which do not 
require cooling pauses.

The table below summarizes the parameters used for printing hollow profiles with a double perimeter for each 
available material:

1 Perimeters

Material Revision
Deposition 

Height (mm)
Deposition 
Width (mm)

Base Print 
Speed (mm/s)

Cooldown (sec)
Aspect ratio 

(Height  / Width)

316LSi Rev13 
2025/06/13 1,2 4,95 5 20 0.2424

308LSi Rev1 
2025/06/13 1,2 4,95 5 20 0.2424

17-4 PH Rev1 
2025/06/13 1,2 4,95 5 20 0.2424

ER70S-6 Rev1 
2025/06/13 1,2 4,95 5 20 0.2424

H-11 α Rev24 
2025/07/08 0,85 3,2 10 20 0.2656

Titanium 64 Rev4 
2025/06/26 1,5 4,65 5 60 0.3226

Nickel-718 Rev17 
2025/06/23 0,8 3,5 10 20 0.2286

Nickel-625 Rev17 
2025/07/07 0,75 3,6 9 20 0.2083

CuCrZr Rev2 
2025/06/27 0,9 2,5 7,5 0 0.36

ERCuNiAl Rev4 
2025/06/27 0,8 3 12,5 20 0.2667

Al-4046 Rev1 
2025/06/24 0,8 4 18,9 0 0.2

The following table shows the parameters of the official profiles for one perimeter and for two perimeters 
available in our official Slicers Meltio Horizon and Meltio Space. These profiles are continuously developed and 
improved, so they may be subject to change in the future.



Mechanical Properties Reference Standards
The mechanical properties of parts manufactured with Meltio technology compare favourably with the values set 
out in ASTM standards for cast and forged components. A comparative guide based on ASTM standards is 
provided in this document.

* Meltio’s work on material characterization remains under constant development. Specifications provided herein may not reflect the latest state of our 
research. For further information and questions please contact us via info@meltio3d.com.

** Any technical information or assistance provided herein is given and accepted at your own risk and neither Meltio nor its affiliates make any 
guarantees relating to it or because of it. Neither Meltio nor its affiliates shall be responsible for the use of this information, or any product, method or 
apparatus mentioned and you must make your own determination for its suitability and completeness for you application. Specifications are subject to 
change without notice.

Stainless 
Steel 316L

Cast 
(ASTM A743)

Cast 
(ASTM A403)

Wrought 
(ASTM 

A473-24)

Wrought 
(ASTM A351) Titanium 64 Cast 

(ASTM B367)
Cast 

(ASTM F1108)
Wrought 

(ASTM A381)
Wrought 

(ASTM F1472)

Tensile Strength 
(MPa) 485 515 450 550 Tensile Strength 

(MPa) 895 860 895 930

Yield Strength 
(MPa) 205 208 170 260 Yield Strength 

(MPa) 825 758 828 860

Elongation (%) 30 40 40 35 Elongation (%) 6 8 10 10

Hardness (HV30) - 215 - 225 Hardness (HV30) - 342 - 349

Nickel 718 Cast 
(AMS 5383)

Casting
(ASTM 
A494)

Wrought 
(ASTM 
B5383)

Wrought 
(ASTM 
B637)

Nickel 625 Casting
(ASTM A494)

Wrought 
(ASTM 

B564-22)

Wrought 
(ASTM B446)

Tensile Strength 
(MPa) 345 802 1275 1241 Tensile Strength 

(MPa) 485 690 827

Yield Strength 
(MPa) 125 758 1034 1034 Yield Strength 

(MPa) 275 276 414

Elongation (%) 10 5 12 10 Elongation (%) 25 30 30

Hardness (HV30) 342 - 350 - Hardness (HV30) - - 220

17-4PH Casting
(ASTM A747)

Wrought 
(ASTM 

A7058/A7058M)
ER70S-6 Casting

(ASTM A494)
Wrought 

(ASTM A.3)

Tensile Strength 
(MPa) 1205 1310 Tensile Strength 

(MPa) 585 550

Yield Strength 
(MPa) 1035 1035 Yield Strength 

(MPa) 205 250

Elongation (%) 5 5 Elongation (%) 24 23

Hardness (HV30) - - Hardness (HV30) 160 127

Tool Steel 
H11

Wrought 
(ASTM 1472) ERCuNiAl

Wrought 
(ASTM 

B283/B283M
-24)

Tensile Strength 
(MPa) 1990 Tensile Strength 

(MPa) 565

Yield Strength 
(MPa) 1650 Yield Strength 

(MPa) 255

Elongation (%) 10 Elongation (%) 32

Hardness (HRC) 53 Hardness (HRC) 152

Invar
Wrought 
(ASTM 
A658)

CuCrZr Wrought 
(ASTM B740)

Tensile Strength 
(MPa) 500 Tensile Strength 

(MPa) 450

Yield Strength 
(MPa) 241 Yield Strength 

(MPa) 350

Elongation (%) 31 Elongation (%) 20

Hardness (HV-30) 127 Hardness (HRC) -

Al 4046 Casting
(ISO R2147)

Tensile Strength 
(MPa) 300

Yield Strength 
(MPa) 170

Elongation (%) 2.5

Hardness (HRC) 115

Meltio Materials Handbook



Mechanical Properties Blue System

* Meltio’s work on material characterization remains under constant development. Specifications provided herein may not reflect the latest state of our 
research. For further information and questions please contact us via info@meltio3d.com.

** Any technical information or assistance provided herein is given and accepted at your own risk and neither Meltio nor its affiliates make any 
guarantees relating to it or because of it. Neither Meltio nor its affiliates shall be responsible for the use of this information, or any product, method or 
apparatus mentioned and you must make your own determination for its suitability and completeness for you application. Specifications are subject to 
change without notice.

Stainless 
Steel 316L

HT
XZ 

As Printed
XZ Titanium 64 HT

XZ 
As-Built

XZ 

Tensile Strength 
(MPa) 641 ± 47 586 ± 77 Tensile Strength 

(MPa) 850 ± 11 962 ± 12

Yield Strength 
(MPa) 332 ± 50 474 ± 22 Yield Strength 

(MPa) 699 ± 9 854 ± 11

Elongation (%) 46 ± 14 17.7 ± 15 Elongation (%) 14.13 ± 0.5 9.50 ± 0.5

Hardness (HV30) 173 Hardness (HV30) 332

Nickel 718 HT-1
 XZ 

As Printed
XZ Nickel 625 HT-2

XY
HT-1
XY

As-Built
XY

Tensile Strength 
(MPa) 1290 ± 26 874 ± 9 Tensile Strength 

(MPa) 903.6 ± 8.4 848 ± 14.1 834 ± 17.1

Yield Strength 
(MPa) 1026 ± 19 520 ± 5 Yield Strength 

(MPa) 509.3 ± 42 405 ± 24 540 ± 29.8

Elongation (%) 11 ± 2 31 ± 2 Elongation (%) 40.2 ± 2.7 51.4 ± 4.8 46 ± 6.4

Hardness (HV30) 247 Hardness (HV30) 222

17-4PH HT
XZ 

As Printed
XZ ER70S-6 As Printed

XZ

Tensile Strength 
(MPa)

Tensile Strength 
(MPa)

Yield Strength 
(MPa)

Yield Strength 
(MPa)

Elongation (%) Elongation (%)

Hardness (HV30) Hardness (HV30)

Tool Steel 
H11

HT
XZ 

As Printed
XZ ERCuNiAl As Printed

XZ

Tensile Strength 
(MPa)

Tensile Strength 
(MPa) 725 ± 80

Yield Strength 
(MPa)

Yield Strength 
(MPa) 435 ± 20

Elongation (%) Elongation (%) 22 ± 13

Hardness (HRC) Hardness (HRC) 191

308 As Printed
XZ

As Printed
XZ CuCrZr As Printed

XZ

Tensile Strength 
(MPa) 580 ± 41 605 ± 10.2 Tensile Strength 

(MPa)

Yield Strength 
(MPa) 291 ± 23 416 ± 23.3 Yield Strength 

(MPa)

Elongation (%) 50.8 ±5 27 ±6.72 Elongation (%)

Hardness (HV-30) 213 Hardness (HRC)

Al 4046 As Printed
XZ

Tensile Strength 
(MPa)

Yield Strength 
(MPa)

Elongation (%)

Hardness (HRC)

Mechanical Properties of Meltio parts compare favourably to properties of conventionally manufactured 
components. We provide a comparative guide comparing the properties of  Meltio parts with ASTM standard 
properties. In most cases the properties of our printed parts exceed the values of castings and rival those of 
forgings. 
More detailed information can be found in the individual datasheets.
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Mechanical Properties Infrared System

* Meltio’s work on material characterization remains under constant development. Specifications provided herein may not reflect the latest state of our 
research. For further information and questions please contact us via info@meltio3d.com.

** Any technical information or assistance provided herein is given and accepted at your own risk and neither Meltio nor its affiliates make any 
guarantees relating to it or because of it. Neither Meltio nor its affiliates shall be responsible for the use of this information, or any product, method or 
apparatus mentioned and you must make your own determination for its suitability and completeness for you application. Specifications are subject to 
change without notice.

Stainless 
Steel 316L

HT
XZ 

As Printed
XZ Titanium 64 HT

XZ 

Tensile Strength 
(MPa) 547 ± 8 655 ± 11 Tensile Strength 

(MPa) 788 ± 12 

Yield Strength 
(MPa) 253 ± 17 347 ± 28 Yield Strength 

(MPa) 693 ± 16 

Elongation (%) 62 ± 2 41 ± 4 Elongation (%) 9 ± 1 

Hardness (HV30) 192 - Hardness (HV30) 311

Nickel 718 HT XZ 
(S.A. + A.H.)

HT XZ 
(S.A.)

As Printed
XZ Nickel 625 HT 

XZ

Tensile Strength 
(MPa) 1208 ± 49 925 ± 86 833 ± 50 Tensile Strength 

(MPa) 739 ± 19

Yield Strength 
(MPa) 980 ± 2 631 ± 10 537 ± 32 Yield Strength 

(MPa) 323 ± 15

Elongation (%) 10 ± 5 15 ± 2 25 ± 3 Elongation (%) 58.4 ± 3.9

Hardness (HV30) 332 285 245 Hardness (HV30) 160 ± 3

17-4PH HT
XZ 

As Printed
XZ ER70S-6 As Printed

XZ

Tensile Strength 
(MPa) 1391 ± 7 1017 ± 15 Tensile Strength 

(MPa) 525 ± 12 

Yield Strength 
(MPa) 1243 ± 8 815 ± 17 Yield Strength 

(MPa) 402 ± 37 

Elongation (%) 10 ± 3 14 ± 0.1 Elongation (%) 15 ± 9 

Hardness (HV30) 393 258 Hardness (HV30) 175

Tool Steel 
H11

HT
XZ 

As Printed
XZ Invar As Printed

XZ

Tensile Strength 
(MPa) 2087 ± 2 1830 ± 105 Tensile Strength 

(MPa) 522 ± 14

Yield Strength 
(MPa) 1735 ± 101 1170 ± 90 Yield Strength 

(MPa) 337 ± 22

Elongation (%) 12.18±0.19 3.46 ± 0.36 Elongation (%) 24 ± 2

Hardness (HRC) 51 52 Hardness (HV-30) 147

ERCuNiAl As Printed
XZ ERCuNiAl CuCrZr

Tensile Strength 
(MPa)

Tensile Strength 
(MPa)

Yield Strength 
(MPa)

Yield Strength 
(MPa)

Elongation (%) Elongation (%)

Hardness (HV-30) Hardness (HRC)

Mechanical Properties of Meltio parts compare favourably to properties of conventionally manufactured 
components. We provide a comparative guide comparing the properties of  Meltio parts with ASTM standard 
properties. In most cases the properties of our printed parts exceed the values of castings and rival those of 
forgings. 
More detailed information can be found in the individual datasheets.
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Introduction to Post-Processing and Heat-Treatment

Introduction
Heat treatment is a process of heating and cooling metals or alloys to alter their physical and mechanical properties 
without changing their shape. The objective of heat treatment is to improve the material's performance, durability, and 
strength.
There are various types of heat treatment processes, including annealing, normalizing, tempering, quenching, etc. 
Each process involves heating the metal to a specific temperature, holding it at that temperature for a specific time, 
and then cooling it at a controlled rate.

Heat treatment applications
Heat treatment is not always mandatory, but it can be essential to achieve the desired properties and performance of a 
metal or alloy. In many cases, heat treatment is required to meet specific design or performance requirements.
For example, some metal alloys used in high-stress applications, such as aircraft parts or critical machine components, 
require heat treatment to improve their strength and durability. Similarly, some manufacturing processes may require 
heat treatment to relieve stresses, reduce distortion, or improve machinability.
However, there may be cases where heat treatment is not necessary or may even be detrimental to the metal's 
properties. Therefore, the decision to perform heat treatment depends on the specific material, its intended use, and 
the desired properties.

Process order of heat treatments
The heat treatment is carried out depending on its purpose. If the heat treatment is required in order to machine the 
material (stress relieve), it will always be carried out after the printing process and before removing the piece from the 
base plate, this is the case of hard steels (H11 tool steel) to avoid cracking during machining. On the other hand, if the 
heat treatment serves to improve the mechanical properties of the material, it will generally be carried out after 
removing the piece from the base plate and before the final machining process, this is the case of Ti64 or Inconel 718.

Equipment
The equipment used for heat treatment depends on the type of heat treatment process and the size and shape of the 
material being treated. Usually, the most common are a furnace to heat the material to a certain temperature and a 
quenching tank for cooling the material rapidly. More complex heat treatments are typically outsourced to service 
providers.

Cost of heat treatments
The cost of heat treatment depends on various factors, including the type of heat treatment, the size and shape of the 
part, the material being treated and the quantity of parts being treated.
Generally, the larger the part size, the higher the cost of heat treatment. This is because larger parts require more time 
and energy to heat and cool, which increases the operating costs of the equipment. Also, larger parts require bigger 
facilities and ovens which are less common, driving up the cost.

Moreover, the cost of heat treatment can also vary depending on the type of heat treatment process being used. For 
example, annealing and normalizing are typically less expensive than quenching and tempering, which require more 
specialized equipment and materials.
In addition, the material being treated can also affect the cost of heat treatment. Some materials may require longer 
heating and cooling times or more specialized equipment, which can increase the cost.
Therefore, it is important to consider all these factors when estimating the cost of heat treatment for a specific part or 
batch of parts.

Materials with a high tendency to cracking (i.e. Tool Steels)

Annealing           Plate Removal Machining Quenching + Tempering

Materials with a low to Medium tendency to cracking (i.e. Ti64 or 316L)

Plate Removal Machining HT if needed

* Please note that the following chart is intended to provide a simplified overview of the heat treatment process. While the information presented is generally accurate, it is 
important to recognize that actual heat treatment processes can vary depending on a range of factors, including the specific materials involved, the equipment used, and 
the desired outcomes. As such, the information presented should be used for educational purposes only and should not be relied upon as a definitive guide to the heat 
treatment process in all cases. It is recommended that you consult with a qualified professional or refer to more detailed technical resources for specific information on 
heat treatment processes applicable to your situation.

Note: Machining and Plate Removal may be interchanged for optimized workholding

Meltio Materials Handbook
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Influence of cooling type on the hardness of 17-4PH
17-4PH stainless steel (precipitation hardening) belongs to the martensitic steel family and is 
characterised by obtaining its mechanical properties through heat treatments, especially through 
precipitation hardening after solution and thermal ageing. In this test, differences in hardness were 
observed depending on the cooling medium applied after heat treatment.

1. Reference (highest hardness: 398 HV)
Yield strength: High. Controlled cooling promotes complete martensitic transformation and homogeneous 
precipitation, which increases the material's ability to resist plastic deformation.
UTS (tensile strength): High. Associated with higher hardness, the material can withstand higher loads 
before failing due to fracture.
Elongation (ductility): Low. The high concentration of hard precipitates and the martensitic structure tend 
to reduce the ability to deform before fracture.
This treatment is ideal for components requiring high strength and rigidity, such as drive shafts, structural 
parts and moulds.

2. Air treatment (intermediate hardness: 387 HV)
Yield strength: Medium-high. Slower cooling may allow the formation of some retained austenite or a 
slightly larger precipitate size, which partially reduces the resistance to the onset of deformation.
UTS: Medium-high. Although much of the strength is retained, there may be a slight reduction compared 
to the reference sample due to a lower density of obstacles to dislocation movement.
Elongation: Moderate. A reduction in the martensite fraction or the presence of softer microstructures 
may improve the material's deformation capacity, increasing its toughness.
This cooling offers a useful balance between strength and ductility, suitable for applications where some 
impact absorption capacity or crack resistance is required.

3. Treatment with cutting fluid (lower hardness: 365 HV)
Yield strength: Medium-low. Cooling with cutting fluid, being faster and more irregular, can induce internal 
stresses, inhibit the proper nucleation of precipitates, and favor the presence of soft phases such as 
retained austenite, decreasing the initial resistance to stress.
UTS: Medium-low. The lower quantity or inefficient distribution of hard precipitates, together with possible 
microstructural heterogeneity, reduces the material's ability to withstand high loads before fracturing.
Elongation: High. The decrease in hardness and lower effective content of hardened martensite tend to 
favor greater ductility, allowing for greater plastic deformation without immediate failure.
This treatment is suitable for situations where the ability to deform without fracture or impact resistance is 
prioritized over pure strength, such as secondary components or those subject to cyclic bending.

Each cooling condition can be strategically selected according to service requirements: if rigidity and 
durability are needed, the reference treatment is preferred; if energy absorption and impact resistance 
are needed, slower or softer cooling such as cutting oil is prioritised.
The type of cooling applied to 17-4PH stainless steel after heat treatment directly influences its hardness 
and, therefore, its mechanical properties. The test showed that the reference sample (398 HV) had the 
highest hardness, followed by the air-cooled sample (387 HV), and finally the cutting oil-cooled sample 
(365 HV).
These results reflect differences in the efficiency of martensitic transformation and the precipitation of 
hard phases. More controlled cooling (reference) allows for more effective formation of martensite and 
fine precipitates, increasing both tensile strength (UTS) and yield strength, at the expense of lower 
elongation (ductility). In contrast, slower cooling (air) or faster and more irregular cooling (cutting fluid) 
reduces hardness, which translates into lower strength but greater toughness and deformation capacity.
Each cooling condition can be strategically selected according to service requirements: if rigidity and 
durability are needed, the reference treatment is preferred; if energy absorption and impact resistance 
are needed, slower or softer cooling such as cutting fluid is prioritised.
In applications where maximum wear and load resistance is required, controlled cooling is 
recommended. Conversely, for parts that need to absorb impacts or cyclic loads, a treatment with greater 
ductility, such as cutting fluid, may be preferred.
In conclusion, controlling cooling is essential to adjust the balance between strength and ductility of 
17-4PH according to the functional requirements of the component.

Tratamiento Yield Strength UTS Elongation

Referencia Alto Alto Bajo

Aire Medio-alto Medio-alto Moderado

Taladrina Medio-bajo Medio-bajo Alto

Study of thermal cycles effect for CNC post-processing

This study evaluates the influence of three different cooling conditions  — Room temperature (reference), air cooled, 
and water cooled (quenching with cutting fluid) —  of an additive manufactured part on its hardness and derived 
mechanical properties.

The following study uses 17-4PH stainless steel as a representative metal, as it is a precipitation hardening alloy of the 
martensitic family. In additive manufacturing (AM) processes, especially those involving high thermal gradients and 
rapid solidification, the properties as printed are greatly influenced by the cooling conditions that occur immediately 
after deposition. The cooling method applied plays a fundamental role in determining the final microstructure, hardness 
and mechanical performance of the material.

Sample Dimensions:

This experiment was carried out using 3 samples of 30 × 30 × 90 mm prints, a single type of cooling was applied to 
each sample throughout its manufacture.
Each sample is produced in 3 steps of 30x30x30, after each step cooled down is applied, then a face of the cube is 
machined to allow the hardness test to be performed on said face. More information on the effect of the different 
cooling methods on the next page or section.

Cooling Conditions:

1- Controlled cooling, cooled down naturally at room temperature,  (reference condition) yielded the highest 
hardness (398 HV). This is attributed to a more complete martensitic transformation and a homogeneous distribution 
of fine precipitates. Under this condition, the material exhibited high yield strength and tensile strength, but low 
ductility. The dense microstructure with minimal retained austenite favors load-bearing capacity and structural rigidity. 

2- Air cooling with compressed air on a CNC machine during 7 minutes, producing an intermediate hardness 
(387 HV) and mechanical behavior that balances strength and ductility. The slower cooling rate can lead to the 
presence of retained austenite or coarser precipitates, slightly lowering the resistance to plastic deformation. However, 
it improves elongation and impact resistance. 

3- Quenching with cutting fluid on a CNC machine during 30 seconds on a CNC machine resulted in the lowest 
hardness (365 HV), due to less efficient martensitic transformation and potential formation of soft phases such as 
retained austenite. The material displayed medium-low strength but increased ductility, offering improved 
deformation capacity under cyclic or dynamic loads. 

The cooling method directly affects not only hardness but also the internal stress state, phase distribution, and 
mechanical reliability of the printed or heat-treated part. The data confirms the following relationship between cooling 
rate and mechanical behavior:

● Controlled Cooling (398 HV): High strength, low ductility → Recommended for rigid, load-bearing parts.

● Air Cooling (387 HV): Balanced strength and toughness → Recommended for components requiring both 
resistance and flexibility.

● Cutting Fluid Cooling (365 HV): Lower strength, high ductility → Recommended for flexible, fatigue-tolerant 
applications.

In conclusion, the selection of the cooling strategy for 17-4PH stainless steel should be aligned with the specific 
functional requirements of the component. Controlled cooling is optimal for applications requiring high hardness and 
structural integrity, while air or fluid quenching offers viable alternatives where ductility, energy absorption, or 
resistance to cyclic loading are more critical. Proper control of the cooling phase is essential to tailor the final 
properties of 17-4PH and ensure its performance in demanding industrial environments.
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Study of thermal cycles effect for CNC post-processing

How this affects printing on a hybrid system?

In hybrid systems that combine additive and subtractive processes in the same configuration, the type of cooling can 
significantly influence material performance. Inadequate cooling management could lead to  unexpected  contraction or 
high levels of residual stress, which in turn can cause the printed part to become more fragile.

How it affects tool wear? 

Cooling conditions during printing influence surface hardness and residual stress distribution, which in turn affect tool 
wear in the subtractive phase:

● Higher hardness surfaces (as in controlled cooling) are more resistant to cutting, increasing tool load and wear 
rate, especially for high-speed or dry machining.

● Lower hardness surfaces (as in cutting fluid-cooled parts) are easier to machine and reduce tool wear, but may 
also produce gummy or ductile chips, potentially affecting chip evacuation and surface finish.

What Meltio recommends?

The cooling strategy applied during metal additive manufacturing has a direct impact on the microstructure, mechanical 
properties and reliability of the final component. It also influences process efficiency and tool wear in hybrid systems. 
Based on operational experience and thermal studies, Meltio recommends:

● Avoid using liquid refrigerants during printing. Abrupt and uncontrolled cooling can cause incomplete 
microstructural transformations, soft phases, internal stresses, and negatively affect material quality. This is not 
the most recommended option when seeking the best mechanical properties, but it is the one that allows for 
the fastest cooling of the material for subsequent machining and reduces tool wear..

● Cooling to room temperature between layers or sections. This strategy allows for gradual heat dissipation, 
promoting controlled and uniform solidification. It usually results in components with greater hardness, 
structural strength and less deformation, making it particularly suitable for parts subjected to static or structural 
loads.

● The use of compressed air or fan as an intermediate option. This solution is particularly useful in hybrid 
systems where more active thermal dissipation is required to protect tools or reduce cycle time. Air-assisted 
cooling provides a balance between mechanical strength and ductility, making it suitable for parts that must 
absorb impacts or load cycles

Maintain a consistent and controlled thermal strategy throughout the process, especially in step or segmented printing. 
Proper thermal management improves material reproducibility, reduces the risk of distortion, and optimises tool life in 
hybrid systems.




