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A «process» conceived to produce, starting from a semifinished product, parts with the desired shape

and the desired properties (e.g. mechanical properties, corrosion behaviour, roughness and so on).

Material forming: the «science» that studies these processes
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INFLUENCE OF THE BASE MATERIAL ON THE 

PROCESS EFFECTIVENESS
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Introduction

INFLUENCE OF THE PROCESS ON FINAL 

MICROSTRUCTURE OF THE PART



Test at T=940-960°C: filling defect (corner)
Test at T=1100°C, better material flow - flash;

«Buy to Fly» Ratio:  Rf= 4

Experimental: Forging Tests
Introduction
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1. How the material behaves?

2. Material cannot be seen as a black box

3. Which is the structure of the material?

4. Which are the mechanisms ruling the forming process?

HOW TO APPLY AND «CALIBRATE» THE ABOVE ACTIONS TO OBTAIN THE 

DESIRED PART WITH THE DESIRED PROPERTIES
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Cold Plastic Deformation Basic 
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Material Properties



Material Properties

Forming Limit Diagram



Material Properties

Relaxation test



Material Properties

Compression test



Material Properties

Jhonson Cook Model – a constitutive equation for metals

Work hardening

Strain rate

Thermal softening



Forming Processes



Forming Processes

A KEY MADE OF DIFFERENT PIECES, 

MADE OF DIFFERENT DISCIPLINES 
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Radio Frequency Dipole Cavity: why F.E.?

Shaping + Electron beam welding of the sub-
components

Manufacturing Challenges:
1.Large deformation processes (deep drawing,
hole extrusion..)
2.Multiple shaping processes on 4mm thick
Niobium sheets
3.Tight geometrical tolerances (±0.1mm)

FEM analyses
• Better understanding of the physical 

phenomena involved in the process
❖ Determining process feasibility

• Faster iteration on the design of the 
fabrication tools 

920 mm

410 mm
360 mm

Main Body

H-HOM and FPC

V-HOM and antenna

CERN Applications



logo

area

Bowl Case Study: Deep drawing

• High straining of material
• High compressions
• Wrinkles and Puckering

FEM analyses to
• Speed up tool 

design
• Steer 

manufacturing 
choices

175mm

180mm

370mm

CERN Applications
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CERN Applications
Multicell RF cavity



CERN Applications
Hydroforming of tubes
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Interesting processes: single point incremental forming
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Interesting processes: single point incremental forming



CONCLUDING REMARKS

• KNOW THE MATERIAL YOU ARE USING

• KNOW THE MECHANISMS RULING FORMING

• CHARACTERIZE THE PROPERTIES OF THE SPECIFIC RAW MATERIAL YOU ARE 

USING

• KNOW THE PROPERTIES YOU WANT IN THE FINAL PART

• FIND OUT A CONSTITUTIVE LAW

• CAREFULLY CHOSE THE FORMING PROCESS 

• MORE THAN CAREFULLY CALIBRATE YOUR PROCESS

• (OFF) TOPIC: KNOW TOOLS AND FACILITIES USED AND REQUIRED
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SUGGESTED READINGS

Cahn, Physical Metallurgy 

Cottrell, Dislocations and Plastic Flow in Crystals

Dieter, Mechanical Metallurgy


