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Maintenance at SNCF
Ensure train circulation and passenger safety
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Transform

Repair

Reduce immobilizations
Improve efficiency

Upgrades
Overhauls

15 000 trains/day

~ 40 to 50 lifespan years

150 000 spare parts references
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AM key solutions

Maintenance

• Operational readiness

• Leadtime reduction

• Obsolescence

Supply chain

• Slow or erratic rotation

• Minimum order quantity

• Physical stock

Innovation

• New designs

• New functionalities

• Tooling

• Repairing
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Qualified processes

Polymer parts

In our technical specifications:

FFF (Fused Filament Fabrication)

SLS (Selective Laser Sintering)

• Specific issues for railway

• Fire and smoke standards (NF EN 45545 -2)

• Aging

Metallic parts

In our technical specifications: 

L-PBF (Laser -Powder based Fusion)

• Several mate rials

• Steels, Ni -based, Al -based

• Mechanical test s, fatigue tests

Rapid casting
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Fused Filament 
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Metallic parts

Qualified processes
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In-Development processes
WAAM 
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WAAM (Wire Arc Additive Manufacturing)

• Production rate 

• Large dimension parts

• Occasionally some machining

• In-house source



A4R Project
Additive 4 Rail
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To ramp -up industrialization of Additive Manufacturing Technologies

To optimize train maintenance and lower costs

Material & processes 
R&D

Agile Manufacturing 4.0 
Cells supplier
XXL metal parts

Railway operator & 
maintainer

AM Material & industrial 
processes supplier

Rely on Research & industrialization to tackle AM & maintenance obstacles
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A4R Project
From digitization to certification
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Railway certification

Numerical chain

Processes 
industrialisation

Composite - polymers
Material & processes

Metallic 
Material & processes
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Industrialization
WAAM cell in a maintenance technical center
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Saintes
Charente -Maritime
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Industrialization of the WAAM process:

• Expertise 

• Investments (WAAM cell, 3D Scan…)



• Needs identification: Standard manufacturing vs AM process

• Design for AM: when possible (e.g., lightweighting, 

consolidation)

• Quality & Control: AM material properties meet railway standards

Development of the qualification process

→ a new technical standard for WAAM

Certification
Strategic approach of AM certification
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Quality Control

Production

Supplier selection on 
qualified supplier panel

Design

Needs identification
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• Risk -Based Approach : 

Safety and economic risk, special requirements for homologated 

components

• Qualification Scenarios :
– Low Risk : Simple adaptation (if validated process) or minor design 

evolution (FE analysis, bench tests).

– High Risk : Follow existing SNCF processes; includes design validation 

(calculations, fatigue/static tests), material property verification.

WAAM Certification
Qualification principles
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• Comprehensive Supplier Assessment :
– Production Tools : Welding station, robotics

– Processes : Qualified personnel (welding coordinators, operators), material 

management

– Material: Supplier qualification for wire, lot verification, EN10204 3.1 

certificates, strict storage rules, heat treatment procedures

• Process Validation : 
– For each production cell and material

– Any modification requires requalification

• Traceability : Full traceability of machining subcontracting and 

production steps.

WAAM Certification
Supplier Qualification & Production monitoring
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Use cases
Pivot coupling car body and bogie

Dimensions

• 450x320x380 mm

Initial process & material

• Foundry, GE320

Secure parts

• Manufacturing of two parts with identical 

manufacturing conditions

– One for fatigue testing

– One to be mounted

– "wall" test coupons
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Use cases
Pivot coupling car body and bogie
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First layers Horizontal 
manufacturing

Manufacturing
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Use cases
Pivot coupling car body and bogie
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Machining of  functional area Non destructive testings (NDT)

Post -treatment, NDT
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Use cases
Pivot coupling car body and bogie
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Bench testings
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• Acceptance Criteria : Derived from original part specifications

• Verifications :
– Surface Checks : 100% on machined surfaces

– Dimensional Checks : 100% for critical parts

– Weight/Thickness : Specified tolerances (e.g., >5% mass deviation = rejection)

– Non -Destructive Testing (NDT) : Visual, penetrant testing, radiography

– Mechanical & Metallurgical Tests : Mechanical properties (Rp0.2, Rm, A%, Kcv ), 

interface hardness (Hv10), porosity limits (<1%)

• Repair & Rework : Allowed under strict conditions (e.g., welding per EN 15085)

• Documentation & Traceability : Extensive requirements archived for ~10 years

Use cases
Pivot coupling car body and bogie
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Inspection sum -up
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Conclusion

Introduction

• AM is key to ramp up 
maintenance 
performance

AM development 
strategy

• Qualified processes

• FFF/SLS/L -PBF

• In-Development 
processes

• WAAM

• A4R Project

WAAM development

• Industrialization 

• WAAM in a 
maintenance technical 
center (Saintes)

• Certification

• Development of a 
new technical 
specification

• Use Case

• A security part, the 
pivot

• A success!
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Outlook
WAAM Repair

Trajectory study

Repair of a machined cavity by 
WAAM

2 PhD theses 

- Trajectory & process : toolpath planning, numerical simulation

- Materials & performance : microstructure, mechanical strength, 

fatigue behaviour

Ongoing works

- Cast iron substrates repaired with Fe –Ni alloy

- First repair of damaged areas without mechanical loadings

- Mechanical and microstructure analysis of repaired tensile sample

200 µm

Repair tensile sampleRepair interface microstructure
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