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ABSTRACT: Recently, metal 3D printing has gained a lot of interest. In particular, selective laser 
melting (SLM) and direct metal deposition (DMD) are the most important methods explored due 
to the superior properties being achieved. This article overviews the two methods in terms of 
basics of the technologies (powder bed fusion and powder blow), material selection, properties as 
well as some of the applications and future directions. SLM is superior in producing parts with 
higher precision and complexity. However, DMD is more processing efficient and allows for large 
components to be manufactured. A recent design of hybrid system of DMD with milling 
technology can achieve high precision and surface finishing. Moreover, DMD can also produce 
functionally graded materials (FDMs) as well as composite materials.

KEYWORDS: Metal 3D printing, Selective laser melting, Direct metal deposition, Additive 
manufacturing

INTRODUCTION

Selective laser melting (SLM) and direct metal deposition (DMD) play significant roles in metal 
3D printing (Chua & Leong (2014), Loh et al. (2014)). Many research works have been devoted to 
process optimization, material development, equipment and technology upgrading. Both starting 
with a CAD model, SLM creates a 3D object cross-sectional by placing thin layers of powder 
followed by laser hatch melting as illustrated in Figure 1a. On the other hand, DMD adopts a 
synchronized system to create a melt pool by laser power on the substrate and melt the powder in-
situ feed from a coaxial channel as shown in Figure 1b. There are many synonyms of DMD

(a)           (b)
Figure 1 Schematic diagrams of (a) SLM (http://mehran005.blogspot.sg/2012/04/hollow-
lightweight-structures-via.html)) and (b) DMD (http://ilam.sjtu.edu.cn/research/Numerical%
20modeling%20of%20direct%20metal%20deposition%20.html)
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including laser engineered net shaping (LENS), solid forming (SF), laser metal deposition (LMD), 
directed light fabrication (DLF), direct laser deposition (DLD), direct laser fabrication (DLF), laser 
rapid forming (LRF), and laser melting deposition (LMD), which are all based on powder blow 
technology with minor differences in technologies. 

Some important process parameters are listed in Table 1. DMD uses higher laser power and larger 
spot size and can build a larger object almost 10 times faster than SLM. However, SLM is superior 
in precision tolerance, surface finishing and structural complexity. 

Table 1. Comparison of SLM and DMD Processes   
SLM DMD 

Powder deposition method Powder bed Powder blow ( Coaxial feeding) 
Bonding mechanism Complete melting Complete melting 
Laser type Nd:YAG laser (100-400 W) 

Fiber laser 
Nd:YAG laser (up to 5 kW) 

CO2 laser (up to 8 kW) 
Fiber laser 

Spot size Small (<100 μm) Large (up to a few mm) 
Scanning/traversing speed 19,200 mm/min 500 mm/min 
Layer thickness/powder feed rate 30-100 μm Up to 15 g/min 
Forming shape Complex Less complex 

MATERIAL 

Metals, MMCs, FGMs 
Many kinds of metals have been developed via SLM and DMD processes, but only limited metals 
are commercially available. Table 2 shows some selected metal materials that have been 
developed including stainless steels, other steels, metal alloys such as titanium alloys, aluminum 
alloys and copper alloys, metal matrix composites (MMCs), functionally graded materials (FGMs), 
etc. (Abe et al. (2001), Kruth et al. (2004), Badrossamay & Childs (2007), Yadroitsev et al. (2010), 
Yadroitsev & Smurov (2010), Yadroitsev & Smurov (2011), Guan et al. (2013), Kamath et al. 
(2014)). Among them stainless steel is the most well developed metal and near full density can be 
achieved by SLM process. (Kamath et al. (2014)) achieved >99% of relative density for SS316L 
and claimed that the density could be further increased to near full density by using higher laser 
power.  

DMD process also successfully developed a wide range of materials with superior mechanical 
properties ((Zhao et al. (2009), Amano & Rohatgi (2011)). To fabricate FGM (Liu & DuPont 
(2003), Balla et al. (2009), Articek et al. (2013)) and MMC materials (Liu & DuPont (2003), 
Xiong et al. (2008)) is a unique characteristic of DMD process due to its multiple powder feeding 
system. 

Raw powder 
There are several aspects that need to be considered for selecting raw powders used in additive 
manufacturing processes, including particle size, particle morphology, particle size distribution as 
well as impurity level (Gu et al. (2012)). Ideal particles should possess near spherical shape and 
homogeneous size because those particles can give high initial packing density and good 
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flowability that can help achieve denser parts, which is especially important for powder bed based 
SLM processes. Due to laser melting mechanism, particle size has to fall within a reasonable range, 
normally submicron to 200 μm with a narrow distribution to enhance laser fuse bonding and 
prevent balling effect. Balling phenomena are observed for both small and large sized powders due 
to over-melting, under-melting or wettability. Since the process is less sensitive to powder 
morphology and powder size distribution, DMD is more tolerant in raw powder selection. 
Oxidation at ppm level or lower is tolerable as it may not substantially affect the densification and 
final properties of printed parts. To avoid oxidation, one remedy is to use gas atomized powder 
with lower oxidation level instead of water atomized powder. 

Table 2. Selected metals developed via SLM and DMD 

PROPERTIES 

SLM and DMD can achieve superior properties of printed parts over conventional manufacturing 
processes such as casting and powder metallurgy, which are attributed to the very fine 
microstructures of the printed parts due to the rapid cooling process (Yin & Felicelli (2010), 
Amano & Rohatgi (2011), Bian et al. (2015)). It is known that refining grain size can increase the 
tensile strength and hardness of a material. For example, when grain size is reduced from 50 μm to 
sub-micron level, the mechanical properties of the material will be much more improved. Some 
typical properties are listed in Table 3 based on which near full densification can be achieved via 
SLM and DMD processes (Kruth et al. (2005)). As DMD is usually superior than SLM in 
densification and refining grain size, the mechanical properties of DMD printed parts are expected 
to be better (Gu et al. (2012)), Frazier (2014). 

However, laser assisted processes have some drawbacks. A common problem is residual stress 
(Shiomi et al. (2004), Song et al. (2012), Vrancken et al. (2014)). As metal powders are 
completely melted and solidified at a very fast cooling rate typically in the range of 103-104K/s, a 
residual stress inevitably develops within the solidified body, which is a key factor for distortion 
and may develop into cracks or even delamination. Proper process parameters have to be decided 
for each material. The relationships between process parameters – such as laser power, scan speed, 
layer thickness, powder feed rate, cooling rate, and microstructure determined properties have 
been systematically explored by researchers (Glardon et al. (2001), Li et al. (2010), Tsopanos et al. 
(2010), Song et al. (2012), Guan et al. (2013), Zhang et al. (2013), Loh et al. (2014), Song et al. 

Metal powder SLM DMD 
Stainless steels 316L, 304L,420,347,Inox 904L,17-

4PH,15-5PH 
316L,410 

Other steels H13 H13,SAE4140,AISI4340 
CoCrMo alloy CoCrMo CoCrMo 
Ti alloy Ti-6Al-4V, CP Ti, TiAl Ti-6Al-4V, CPTi 
Super alloys Inconel625,718, waspaloy, stellite Inconel 625,718, Rene88DT, 

Rene41 
Al alloys Al-Si-Mn,Al-10Si-Mg,6061 
Cu alloys Cu Cu-30Ni 
Intermetallic alloys Fe-Ni-Cu-Fe3P Ni-Al-Cr-Hf, -TiAl 
FGM Ti-TiC,Ti-TiO2,H13-Cu 
MMC Fe-C, Fe-B WC-Co, TiC-Ti 
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(2014), Zhang et al. (2014)). Other than experimental works, simulation works have also been 
carried out to understand the residual stress issue as well as the process optimization by monitoring 
molten pool dynamics, temperature field, etc. (Wang et al. (2008a), Wang et al. (2008b), Shifeng 
et al. (2014), Loh et al. (2015)). Amano and co-workers have conducted experimental and 
numerical studies on laser engineered net shaping process for SAE 4140 low alloy steel and found 
the optimum processing parameters based on the simulation results (Amano & Rohatgi (2011)). 
Another way to reduce residual stress is by preheating substrate to slow down cooling rate and 
reduce internal stress accumulation.  

Balling effect is another common problem seen in laser assisted melting process, which is 
normally caused by insufficient wetting, over wetting, or sparking. The balling effect could be 
prevented by proper process setting and material selection (e.g., lower oxidation level, particle size, 
etc.) (Li et al. (2010), ANTONY et al. (2014)). 

Table 3. Typical properties achieved via SLM and DMD 
SLM DMD 

Tensile property Better than cast materials Equivalent to wrought materials or 
higher 

Elongation Lower than wrought 
10.5% (Ti-6Al-4V) 

Lower than wrought 
13% (Ti-6Al-4V) 

Densification Up to 99.9% Near full density 
Surface roughness Low (<10 μm) High (up to 100 μm) 
Hardness Higher than cast and PM materials Higher than cast and PM materials 

APPLICATIONS and FUTURE TREND 

Both SLM and DMD can be used as rapid prototyping technologies and are good for producing 
components with a complex structure of low quantum and high value under stringent processing 
conditions. SLM is more suitable for producing complex geometries (e.g., hidden voids or 
channels, lattice structures, etc,), thin walls, and high precision parts to be used in aerospace and 
automobile industries. DMD provides an alternative option for repair and remanufacturing, 
cladding and hardfacing, potential large-scale components in marine and offshore, automobile 
parts as well as designed materials (basically functionally graded materials and metal matrix 
composite materials). 

Further research works on 3D printing equipment and new techniques, powder deposition methods 
and printing strategy should be advocated in near future. Material development needs to be 
enhanced to expedite 3D printing technologies and widen their applications. 
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