
Additive manufacturing (AM) emerges as a promising alternative for 
gear production, offering advantages such as design flexibility, reduced 
material waste, and faster prototyping cycles. However, the fatigue 
strength of AM gears is unclear in literature. This study presents a 
comparative analysis of gears produced using two prominent AM 
technologies, Binder Jetting (BJT) and Laser Powder Bed Fusion (LPBF), 
against their conventionally manufactured counterparts. For Binder 
Jetting, 17-4PH BJT gears were evaluated against 17-4PH gears 
produced through the conventional chain of hobbing and profile 
grinding. In the case of LPBF, 20MnCr5 LPBF gears were compared with 
conventionally manufactured 20MnCr5 gears that underwent hobbing, 
carburizing, and profile grinding. The load-carrying capacity was 
assessed through tooth bending fatigue tests using the staircase method 
to determine strength, followed by contact fatigue tests at fixed torque 
levels to capture Weibull failure probabilities. The experimental results 
indicate that, while AM gears currently exhibit a performance gap 
compared to wrought steel gears, their mechanical behavior is promising 
for a range of applications. These findings provide valuable insights into 
the potential of AM for efficient and customized gear production.
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Future of Mobility Translated to Gear Requirements
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Future of Mobility Translated to Gear Requirements
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Additive Manufacturing Processes

Laser Powder Bed Fusion [L-PBF]

Direct Process=Process Type

20MnCr5=Material

Alkimat Laser Funde 200=Machine

250 W=Laser Power

550 mm/s=Scan Speed

0.045 mm=Layer Height

Binder Jetting [BJT]

Indirect Process=Process Type

17-4PH=Material

Digital Metal DMP2500=Machine

Dark 1=Binder Level

200 mm/s=Scan Speed

0.042 mm=Layer Height
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Testing Geometry and Test-Rigs
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Contact Fatigue: Binder Jetting vs Wrought Steel

Test Parameters
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Bending Strength: Binder Jetting vs Wrought Steel

Test Parameters
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Damping behavior: Binder Jetting Gears
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Contact Fatigue: Laser Powder Bed Fusion (L-PBF) vs Wrought Steel

Test Parameters
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Bending Strength: Laser Powder Bed Fusion (LPBF) vs Wrought Steel
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Challenges: Porosity & Residual Stress
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Challenges: Standards and Materials 

◼ Lack of standards and qualification 
procedures for critical sectors 

◼ No standardized calculation method or 
design guideline

◼ Shrinkage of 15–20% occurs during 
sintering due to the low density of the 
green part

Process

AGMA 

ISO 6336

DIN 3990

◼ Many industrially established alloys are not 
yet qualified, especially for demanding 
applications like gears

◼ Process relies on spherical powders with a 
narrow particle size distribution, which are 
cost-intensive

◼ Material development and qualification 
remain key challenges for broader 
application of BJT

Materials
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Conclusions and Outlook

Freedom 
of Design

There is no right technology. 
There is just the most 

suitable for each 
application…

[EPOCA]

[Real Agriculture]

[MOBIAUTO]

▪ New Finishing Routes are required for attending 
the additive manufacturing challenges. 

▪ The development of new alloys is required 
for further development of binder jetting. 

▪ Porosity

▪ Residual Stresses

▪ Roughness

▪ Development of standards and qualification
procedures for critical sectors. 

▪ Incorporation of AM in gear design guidelines and 
standards.
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In overall the Additive Manufactured gears 
reached 70% of the bending strength 
when compared to conventionally 
manufactured gears. 

Conclusions and Outlook

Freedom 
of Design

There is no right technology. 
There is just the most 

suitable for each 
application…

[EPOCA]

[Real Agriculture]

[MOBIAUTO]

70%

80% In overall the Additive Manufactured 
gears reached 80% of the Conventionally 
manufactured in contact fatigue. 

300% The design freedom in Additive 
Manufactured allowed an increase 
of 300% in damping properties. 

50% The use of Additive Manufactured reduced in 
50% the material used for manufacturing the 
gears. 
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