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Definition of Additive Manufacturing (AM) 

Additive Manufacturing (AM) is the process of creating a physical object 

through the selective fusion, sintering or polymerization of materials         

                                                 (ASTM F42 Technical Committee) 

 

 

 

 

 

 

 

 

Common to all process is that the parts are  
made (i.e. “grown) by adding layers. 
 
Layer thickness determines your most critical 
Resolution (i.e. how close to the computer model) 

As opposed to a removal (subtractive 
process such as machining, AM  
processes produce very little  waste. 



Motor base for a reciprocating saw (power tool) 



Alternate names and Advantages  

Other names and connotations: 

 Rapid Prototyping. 

 Freeform Fabrication 

 Solid Freeform Fabrication 

 Direct Digital Manufacturing 

 Layer-based Manufacturing 

 3D printing 

 

www.plasticstoday.com www.mmsonline.com www.arcam.com 

Advantages: 

 Complex geometries 

 No need for process planning! 

 Relatively fast 

 Controlled properties? 

www.bathsheba.com 



ASTM F42 Standards for AM 

ASTM F42 Sub-committees 
 

 F42.01 Test Methods 

 F42.04 Design 

 F42.05 Materials and Processes 

 F42.06 Environment, Health, and Safety 

 F42.91 Terminology 

 

 

 

 

 
Source: http://www.astm.org/COMMITTEE/F42.htm 



ASTM F42 Standards for AM 

 Subcommittee F42.01 on Test Methods 

 F2971-13 Standard Practice for Reporting Data for Test Specimens Prepared 

by Additive Manufacturing 

 F3122-14 Standard Guide for Evaluating Mechanical Properties of Metal 

Materials Made via Additive Manufacturing Processes 

 ISO/ASTM52921-13 Standard Terminology for Additive Manufacturing-

Coordinate Systems and Test Methodologies 

 

 

 

 

 



ASTM F42 Standards for AM 

 Proposed New Standards under the jurisdiction of F42.01 
 

 WK49798 New Guide for Intentionally Seeding Flaws in Additively 

Manufactured (AM) Parts 

 WK49229 New Guide for Anisotropy Effects in Mechanical Properties of 

AM Parts 

 WK49230 New Guide for Conducting Round Robin Studies for Additive 

Manufacturing 

 WK49272 New Test Methods for Characterization of Powder Flow 

Properties for AM Applications 

 

 

 

 

 



NDT on Aerospace Metals Parts 

 Working standard:  ASTM WK47031 (does not specify 

acceptance-rejection criteria) 

Metals: 

 aluminum alloys, titanium alloys (Ti-6Al-4V), nickel-based alloys, cobalt-

chromium alloys, and stainless steels 
 

Processes:  

 Electron Beam Free From Fabrication (EBF3), electron beam melting (EBM), 

Direct Metal Laser Sintering (DMLS), and Selective Laser Melting (SLM) 
 

Emerging Procedures: 

 Computed Tomography, Eddy Current Testing , Infrared Thermography , Neutron 

Diffraction, Penetrant Testing , Process Compensated Resonant Testing , 

Structured Light, Ultrasonic Testing 

There are no unified NDT qualification and certification procedures 



Generalized AM Process Chain 

 There are several distinct steps in the process sequence 
 

1) Model Conceptualization (CAD) and  conversion to STL/AMF 

2) Transfer and manipulation of file on AM machine 

3) Machine setup and build 

4) Part removal, cleanup and post-processing 
 

 However, different AM technologies may handle this sequence 

somewhat differently. 

 



Additive Manufacturing (AM) Processes 

 Extrusion-based Systems 

• Fused Deposition Modeling (FDM) 

 

 Powder bed fusion processes 

• Electron Beam Melting (EBM) 



Extrusion-based Systems 

Fused Deposition Modeling (FDM) 

Source: www.stratasys.com 



Extrusion-based Systems 

 Some of the most popular technologies available to the general 

public use extrusion to form parts. 

 Most popular extrusion system is “Fused Deposition Modeling” 

(FDM) by Stratasys. 

 Similar principle to a “cake icing sleeve” 

 In reality a highly viscous polymer that  

    behaves like a newtonian fluid. 

 

If you apply constant pressure, the  
extruded material will flow at a constant 
rate and will maintain a constant cross 
sectional diameter 



Raw Material and Popular FDM Systems 

 Typical material is a filament 
of specific diameter 
(Makerbot’s is 1.75 mm). 

 Amorphous polymers: PLA, 
ABS or other thermoplastic. 

 It can be rigid, flexible or even 
dissolvable.  



Material Loading and Liquification 

Material Loading 

 via gravity, pump, or with the aid of 

a screw. 

 Screw or pinch feeding pushes the 

material into the reservoir chamber 

and pressurizes the nozzle 

 

Source: http://recreus.com/ 

Liquification 

 Achieved through the application 

of heat (via heating coils) 

 The larger the chamber, the more 

difficult to maintain constant. 



Delamination issues 

 Insufficient energy in the region might 

cause adhesion with a distinct 

boundary between the old and newly 

deposited material.  

 This can cause separation. 

Source: www.buildlog.net 



Distortion issues 

 Some due to improper rate of cooling 

 Geometry plays a significant factor!  

Source: www.tweaktown.com 



Build Direction and Feature Sinking 

Fracture test (Charpy) 

Notched specimen 

Equipment: Makerbot 

Principle: extrusion 

Material: PLA (Polylactic Acid) 

Layer thickness: 200-250 µm 

Micrographs source: 3D Printed Bio-surfaces Lab at Auburn  
University and Graduate students Kamran Kardel and Mikhail Zade. 

Source: recreus.com 



Build Direction and Feature Sinking 

Micrographs source: 3D Printed Bio-surfaces Lab at Auburn  
University and Graduate students Kamran Kardel and Mikhail Zade. 



Positional Control Issues 

 A strategy is to build the outline (shells) at a slower speed to 

ensure material flows at constant rate. 

 This outline determines the part accuracy and external 

features 



Positional Control Issues 

Plotting and Path Control:  (The fill pattern) 

 Best mechanical properties are achieved in continuous roads 

 However, need to deal with changes in direction 

 Curvatures in the path result in gaps. 

 Two approaches: 

No swelling and  
better part  
accuracy Extra material to 

flow into voids 
but swelling 
might occur 



Positional Control Issues 

Source: http://hannahnapier.co.uk/ 



Support Removal Issues 

 

Chemical  

separation 

 

Source: Kickstarter.com 

Solvent soluble 



Powder Bed Fusion Processes 

Electron Beam Melting (EBM) 

Images courtesy of Arcam 



Electron Beam Melting (EBM) 

 A metal powder-based freeform 
fabrication process developed by Arcam 
AB (www.arcam.com). 

 

 A thin layer of metal powder is spread 
over the build platform. 

 

 An electron beam is selectively scanned 
over the powder bed, thus melting the 
metal powder where desired.  

 

 Currently developed materials include 
H13 tool steel and Ti6Al4V. 

http://www.arcam.com/


EBM System Elements 

 A focused electron beam scans across 
a thin layer of pre-laid powder causing 
localized melting and resolidification 

 

 Loose powder supports down-facing 
surfaces, so complex undercuts are not 
a problem. 

 

 The process takes place in vacuum. 

 

 There are no moving parts in the e-
beam gun 



As-Processed H13 Steel Microstructure 

 

• Martensite with 

10-30 μm grain 

size 

• Excellent 

interlayer fusion 

• Virtually 100% 

dense 

• Hardness of 

HRC 48-50. 

 

500 µm 

Source: North Carolina State University 



Resulting Microstructure 

 Typical EBM microstructure is very different than the 
resulting microstructure from SLM. 
 

 In SLM, laser line scans are easily distinguishable. 

 IN EBM, line scans cannot be seen. 

 

CoCrMo in SLM (EOS)                      Ti6Al4V in EBM (Arcam) 



Melting Simulation 

Courtesy: North Carolina State University 



E-Beam Melting 

 Geometry is separated into 

contours and squares. 

 

 Squares are typically 10x10mm 

or 15x15mm. 

 

 Squares are melted in random 

order to evenly distribute heat. 

 

 Melting takes place at beam 

speeds in the 200-700 mm/sec 

range with beam currents in the 

5-25 mA range. 

 



Titanium (Ti) powder 
Source: 3Dprinter.net 

Atomized, spherical Ti powder at 100X 
Source: skylighter.com 

Quality of Raw Material 



Issues with Powder Fusion Mechanisms 

 Elevated temperatures in full melting result in part growth so optimal 

process parameters are right at the threshold of LPS and full melting. 

 

 

 

 

 

 

(Picture is actually polyamide nylon) 



Issues with Powder Fusion Mechanisms 

 Increasing negative charges in powder particles will tend to repel 

the incoming negatively charged electrons thus creating a more 

diffuse beam. 

 

 Thermal gradients might contribute to residual stresses 

 

 Rapid melting and solidification in metals result in unique 

properties (different than those from cast/wrought parts made 

from identical materials) 

 

 

 



Smoke phenomenon 

“Smoke” 
 If particles become 

electrically charged, they 
will repel one another and 
produce “smoke” in the 
chamber. 

 Part geometry has a 
substantial influence on 
“smoking”. 

 If smoking occurs during a 
build, the result is generally 
poor interlayer fusion as 
well as curling.  

Source: North Carolina State University 



Potential Defects 

Cracking 

 Might be observed if proper 

temperatures are not 

maintained. 

Source: North Carolina State University 



Parameter Optimization (EB Glazing) 

Source: North Carolina State University 

Resulting rough surface can provide crack  

initiation points 



 Metals lead the way! 

 In-situ characterization of inter-layer quality 

 Multi-sensor data and fusion (big data!) 

 (Aerospace) Part and process qualification and certification 

 

 

NIST Roadmap  

For Metal AM 

 

What is next? 
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