
Additive Manufacturing for the Valve Industry: 
Opportunities, Limits, and Challenges

Vanni Lughi* 
vlughi@units.it

Alberto Rossi 
a.rossi@orionvalves.com

mailto:vlughi@units.it
mailto:a.rossi@orionvalves.com


The business case for AM

• Fast



AM evolution

Innovation trigger Inflated 
expectations Disillusionment Enlightenment Productivity

3D Printing for 
Oil and Gas

Industrial 3D 
Printing

3D Printing in 
Supply Chain

3D Printing in 
Manufacturing 
Operations

3D Printing for 
Prototyping

Time

Ex
pe

ct
at

io
ns

Time to productivity

Current

Less than 5 years

5 to 10 years

Enterprise 3D 
printing

3D Printing for 
prosthetics industry

3D Printing in the 
marine industry



AM in the prosthetics industry

• Prototyping 

• Serial production of prosthetics 
parts with complex shapes

Lima Corporate, Italy



AM in the aerospace industry

• Prototyping 

• Production 

• Major drivers: 

• Weight reduction 

• Lead time reduction 

Boeing wing trim Jet engine combustor
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Role of AM in the maritime industry

• Quick availability of spare parts 
(on-board or in-port manufacturing capability, 
avoid large stock) 

• Fast prototyping for hydrodynamic studies



Examples of maritime spare parts 
that could be produced by AM



Which parts should be 
manufactured by AM?

Selection criterion: 
maximize AM benefits 

Product design benefits 
• Possibility of part consolidation 
• Weight or volume reductions 
• Integrated functionalities 
• Less waste 

Supply chain benefits 
• Low volume production 
• Reduced lead times 
• Decreased inventory or stock levels 
• Less supplier risks 
• Lower location based costs



Raising interest for AM in maritime applications



Raising interest for AM 
in the Valve Manufacturing Industry



AM in the VM industry 
The opportunty for better design

Hydraulic Valve Block Re-Design 
(VTT Finland)

76% mass reduction



AM in the VM industry 
The opportunty for better design

Hydraulic Manyfold Re-Design  
J. Mech. Design 137, 111404-1 (2015)

60% weight reduction 
53% max heigth reduction



Better desing with Architected materials 
- AM as an opportunity for high architectural efficiency and function integration -



AM: Limits and Challenges

• Size 
• Cost (capital, materials) 

• Surface finish 

• Maturity of design engineers 

• Intellectual Property and Liability 

• Materials 

• Qualification and Certification 
“The single biggest obstacle to widespread use of AM parts for structurally 
critical components are the cost and time associated with qualification and 
certification” 
  - William E. Frazier, US Naval Air Systems Command -



Materials Issues



Wide range of AM processes



Most promising processes 
for the Valve Manufacturing Industry

Selective Laser Melting Electron Beam Melting



– Titanium (pure, Al-V alloy, …) 

– Steels (including stainless) 

– Ni-Cr alloys (e.g. Inconel) 

– Aluminum and aluminum alloys 

– Cobalt-chrome alloys 

– Copper and bronze 

– Iron 

– Precious metals

Wide range of materials for AM



Materials, process, structure, geometry



C.Qiu et al., J. Alloys Compd. 629, 351 (2015) 
E.Brandl et al., Mater. Des. 32, 4665 (2011) 
W.Xu, Acta Mater. 85, 74 (2015) 
S.L.Lu, Acta Mater. 104, 303 (2016)

SLM SLM

SEBM SEBM

LPD LWD

AM Process ! Microstructure ! Properties



Buchbinder et al., Phys. Proc. 12 (2011) 271

AM Process ! Microstructure ! Properties 
- learning control: porosity -

Al by SLM



AM Process ! Microstructure ! Properties 
- learning control: surface finish -

Louvis et al., J Materials Processing Tech. 211 (2011) p275

Al by SLM



Buchbinder et al., Phys. Proc. 12 (2011) 271

AM Process ! Microstructure ! Properties 
- learning control: strength -

Al by SLM



R.R.Dehoff et al., Mater. Sci. Technol. 31, 931 (2015)

AM Process ! Microstructure ! Properties 
- learning control: predicting the microstructure -

Modeling-driven process design (no trial-and-error): 

Temperature gradient and liquid interface velocity 
control the microstructure in a predictable way 

Ni superalloy by EBM



Qualification Issues



Process qualification – development of standards 



Linear approach to qualification 
is unfit forAM

Process qualification

Need a paradigm shift towards 
Integrated Computational 

Materials Engineering 



Process qualification

• Detailed logging and analysis of parameters 
during manufacturing 

• In-situ monitoring of layers (optical and 
thermal imaging) 

• Modelling of process and material:    
identify the tendency to defect formation or 
microstructural heterogeneity 

• Sacrificial samples for testing (US, X-ray or 
neutron CAT, residual stress distribution, …) 
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R.B.Dinwiddie et al., “Thermographic In 
Situ Process Monitoring of the Electron-
Beam Melting Technology Used in 
Additive Manufacturing,” Proc. SPIE 8705 
(2013), 87050K
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E.Schwalbach , M.Groeber , “Multi-Model Data Collection and 
Integration for Metallic Additive Manufacturing,” AAAS Annual 
Meeting: Symposium on Integrated Computational Materials 
Engineering Principles for Additive Manufacturing, San Jose, CA (2015)



Linear approach to qualification 
is unfit forAM

Process qualification

Need a paradigm shift towards 
Integrated Computational 

Materials Engineering 



ICME 
Integrated Computational Materials Engineering

ICME-informed qualification leverages an 
integrated system of: 

• Design tools 
• Data management and analysis 
• Materials (multiscale modeling) 
• Business modeling 
• Manufacturing process 

Sensors and controls are needed to maintain the 
process within the quality envelope

A process “quality envelope” is defined



• Comparison of AM with traditional manufacturing requires an integral, lifetime analysis 

• Traditional manufacturing is cheaper in most cases 
• Other benefits should be factored in (e.g. faster production)  
• Capital cost can hardly be recovered; using AM providers might be a better business case 

• Once a satisfactory technological level is reached (predictability and qualification): 
• AM allows for faster production 
• AM requires less tooling, less investments, less working capital 
• AM allows for optimization of design: synergic effects 

• Standardization, classification, quality control, validation of design and product, are 
needed at both the technological and regulatory level 

• Need more focus on the materials aspects: 
• Develop a larger portfolio 
• More work about the relationship material-process-microstructure-properties

Concluding remarks



• AM in the VM industry is at an embrional stage ! 
 important not to force the technology (avoid «rebound effects», disillusionment) 

• Expected adoption timeline in the VM industry 
• Short term ! Prototyping 

• Medium term ! Production of small valve components, small batches 

• Recommendation: Definition of a set of selection criteria for candidate parts for AM

VM-specific concluding remarks


