Powder-Based Additive Manufacturing (AM)
Processes: Powder Bed Fusion and Related
Technologies

1. Powder Bed Fusion (PBF) Processes

Working Principle
e PBF techniques build parts layer-by-layer by selectively fusing or sintering powdered
material spread uniformly over a build platform.

¢ A heat source (laser or electron beam) fuses powder particles in the desired pattern for
each layer.

o After one layer is processed, the platform lowers, a fresh powder layer is spread, and the
process repeats until the part is complete.

e Unfused powder acts as natural support and is removed during post-processing.

Materials

e Maetals: Stainless steel, titanium alloys, aluminum, cobalt-chrome, Inconel, and others.
e Polymers: Nylon, TPU, PA composites.

e Ceramics (less common but emerging).

Powder Fusion Mechanism

¢ Depending on power source and process, powder melting or sintering occurs:

o Selective Laser Melting (SLM) / Direct Metal Laser Sintering (DMLS): Full melting for
dense parts.

o Selective Laser Sintering (SLS): Partial fusion/sintering mainly for polymers.

o Electron Beam Melting (EBM): High-energy electron beam melts metal powders in
vacuum conditions.

Powder Handling

e Powders are stored in hoppers or feedstocks.

e Spreading methods include rollers or blades to achieve consistent, thin layers (typ. 20-100
microns).

e Powder recycling and reuse are common, considering powder degradation and
contamination.



Common PBF Processes

Process Heat Source Materials Applications Comments
Selective Laser Laser Polymers, Functional Polymer-focused,
Sintering (SLS) (infrared) composites prototypes, tooling flexible
Direct Metal Laser . Full melting,

. . Aerospace, medical .
Sintering (DMLS) / Laser Metals, alloys . . dense metallic
implants, tooling
SLM parts
Electron Vacuum process
Electron Beam . Aerospace, . P !
. Beam Metals (Ti, Co-Cr) . less residual
Melting (EBM) orthopedics
(vacuum) stress
Laser Engineered Directed Part repair, low- Directed Ener
9 Metals, alloys pail, . - g.y
Net Shaping (LENS) Laser Beam volume production Deposition variant
No melting, fast
. i Liquid Binder Metals, ceramics, Rapid casting ) g., '
Binder Jetting . . wide material
+ Sintering sand molds, some metals
range
. Larger parts,
Direct Metal Laser + Metals (tool steel, gerp

Deposition (DMD)

Powder Feed

Ni alloys, titanium)

Repair and coating

multi-material
capability

2. Comparison of Laser-Based PBF Processes

Selective Laser Sintering

Aspect (SLS) DMLS/SLM Electron Beam Melting (EBM)
Material Polymers, composites Metals and alloys Metals (mainly titanium, cobalt)
Energy Source Laser Laser Electron beam
Environment Inert gas Inert gas Vacuum
Resolution Moderate High Medium
Residual Lower (due to vacuum and

Moderate High (requires s orts
Stress Igh (requi upp ) slower build)
Build Speed Moderate Moderate to slow Faster layer thickness possible
. . End-use metal parts, o
Applications Functional prototypes Aerospace, medical implants

aerospace

3. Materials-Process-Structure-Property Relationships

¢ Process parameters (laser power, scan speed, layer thickness, hatch spacing) strongly
influence:

o Melt pool dynamics
o Solidification rate and thermal gradients
o Microstructure (grain size, phase distribution)

o Residual stresses, part distortion



e Adjusting these parameters tailors mechanical properties and surface finish.

e For example, lower laser power/high scan speed results in finer grains but may reduce full
fusion.

4. Advantages & Limitations of PBF Processes

Advantages

e High geometric complexity and near-net shape manufacturing.
e Minimal or no tooling required.

¢ Ability to produce lightweight, topology-optimized metal parts.
e Supports variety of alloys and polymers.

e Waste powder can often be recycled.

e Strong mechanical properties with proper parameter control.

Limitations

e Equipment cost and operational complexity.

Limited build volume (often <1 m3).

¢ Build speed can be slow for large parts.

e Powder handling and safety demands (fine metal powders pose explosion risks).
e Surface finish usually requires post-processing.

e High residual stresses and distortion challenges with metals.

e Support structures needed for overhangs in some cases.

5. Summary Table

Material Typical
Process Heat Source I y_pl . Pros Cons
Type Applications
. . Wide polymer Lower
Selective Laser Prototyping, . poly
. . Laser Polymers choice, no accuracy,
Sintering (SLS) tools
vacuum slower
Direct Metal Laser Dense metal
. . Metal Aerospace, X Complex
Sintering Laser alloys medical devices parts, high support, cost
(DMLS)/SLM y precision pport,
Reduced
Electron Beam Electron Metals (Ti, Aerospace, Rk Requires
. . residual stress,
Melting (EBM) beam Co-Cr) implants vacuum, costly
faster
Liquid Requires
. . 'q Metals, Casting molds, Fast, no . q .
Binder Jetting binder + sintering step,

. . ceramics sand cores thermal stress .
sintering shrinkage



Material Typical

Process Heat Source . Pros Cons
Type Applications
. Laser + Repair, . . .
Direct Metal . Multi-material, Coarser detail,
powder Metals coatings, large

Deposition (DMD) fast deposition expensive

feed parts

In conclusion, powder-based AM processes, particularly powder bed fusion techniques, are
central to modern additive manufacturing, enabling the production of highly complex and
functional parts across industries. Understanding the distinctions among processes,
materials, and processing parameters is key to selecting the optimal AM strategy for a given
application.



