
Faculté Polytechnique

Functionalization of Electron 
beam melting parts by 
Machining

Promoteurs académiques : Prof. E. Rivière, Prof. E. Filippi

1

Ir. Adrien Dolimont



Université de Mons

• AM  booming field

• Rapid prototyping to production of “real” parts 
with required mechanical properties

• Electron Beam Melting

• Mechanical applications  contact application

Context
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solid-solid (prosthesis) fluid-solid (turbomachine) 
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• Mechanical applications  contact application

•  from Ra = 25 µm to Ra = 1.6 -> 0.1 µm

•  traditional machining
• Dimension of the rough part (machining allowance)

• mass production
• Capability analysis

• Repeatability

• Etc.

Context

Ir Adrien Dolimont | ESAFORM2016 3



Université de Mons

• Functionality of parts build by EBM process

• Finishing: traditional machining

 determination of the optimal cutting 
conditions

• Finished parts: geometrical and dimensional 
tolerances

Goals

• EBM Process : Process 
characterization

(metrological analysis)
Definition of machining 
allowance

• Mechanical behavior of 
parts before and after 
finishing operation
• Residual stresses
• Static behavior
• Etc.
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Process capability

lack in the literrature
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Goals
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Conventional machining
Traditional raw material

• Machining from a 
rough part

⁻ A lot of waste

⁺ Sure to be in the 
desired tolerances

Desired final profile

Rough part
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Goals
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EBM raw material

• Machining from an 
EBM rough part

⁺ Less waste produced
⁺ Reduction of the machining time
⁻ Not sure to be in the desired tolerances
Need to better control the process

Desired final profile

Rough part

Conventional machining
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• Functionality of parts build by EBM process

• Finishing: traditional machining

 determination of the optimal cutting 
conditions

• Finished parts: geometrical and dimensional 
tolerances

Goals

• EBM Process : Process 
characterization

(metrological analysis)

• Mechanical behavior of 
parts before and after 
finishing operation
• Residual stresses
• Static behavior
• Etc.
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lack in the literrature

Process capability
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Outline
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1. Process characterization

1. Dimensional characterization

2. Capability analysis

3. Surface characterization

2. Machinability of EBM Samples

3. Residual stresses analysis (in progress)
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Process Characterization
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Different size specimens

Ir Adrien Dolimont | Présentation de recherche 10



Université de Mons

Metrology
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Macro Micro
• Determination 

of the 

dimension

• Characteri

zation of 

the surface 

finish

• Measuring 

equipment :

SURFCOM 
1400D-3DF

• Measuring 

equipment :

CMM Wenzel LH 54

• Precision:

U1 (μm) = 3 + L/300
U3 (μm) = 3,5 + L/300
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Dimensional Characterization
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Dimensional Characterization
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Dimensional Characterization
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Dimensional Characterization
Average

value
Measured

value

error

Random
error

Systematic
error

direction Z

Target
value
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Dimensional Characterization

direction X-Y

Measured
value

Average
value

Target
value

error

Random
error

Systematic
error
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Capability Analysis
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• Capability Analysis

• ”Long term performance level of a process 
after it has been brought under statistical 
control. It is the ability to produce a product 
that will consistency meet the design 
requirement and customer expectation”

• The capability is linked to Upper Specification 
Limit (USL) and Lower Specification Limit (LSL)
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Capability Analysis
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Echantillon EBM
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NOK

OK
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Capability Analysis

• Analyse capabilité de process
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Capability Analysis

• Capability analysis of EBM process

• The nearest process is sand casting (IT 11 to 
16 and Roughness 6,3 to 50 Ra). 

 Compare with CT class (ISO8062)
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Capability Analysis
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• ISO 8062 Standard (Casting parts)



Université de Mons

Capability Analysis

• Analyse capabilité de process
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Method

Quality of tolerance (CT)

Steel Grey iron
Spheroidal

graphite 
iron

Malleable
iron

Copper 
alloy

Zinc 
alloy

Light 
metal
alloy

Nickel 
alloy

Cobalt 
alloy

Hand Sand 
Casting

11 to 13 11 to 13 11 to 13 11 to 13 10 to 12 9 to 11

Automatic
Sand Casting

8 to 10
8 to 10 8 to 10 8 to 10 8 to 10

7 to 9

Permanent and 
semi-

permanent 
mould castings 

7 to 9 7 to 9 7 to 9 7 to 9
7 to 9 6 to 8

Die Casting 6 to 8 4 to 6 5 to 7

Investment 
Casting 

4 to 6 4 to 6 4 to 6 4 to 6
4 to 6 4 to 6 4 to 6

Capability Analysis

• In casting : 
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Capability Analysis

• Definition of machining allowance

• In casting : 

• EBM ≈ Casting  IT = 15
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Standard ISO 8062
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Surface Characterization
• Surface Roughness measurement
• Variation of contours parameters (TA-Sirris-UMONS)
En résumé : plaque verticale 20*64mm variant :

- Épaisseur [mm] : 0,6 – 1- 3 -5 – 7

- 4 thèmes 50 um A2 : A2 50um – …

- Nombre de contours : 2 – 3 – 100

- Ordre des 2 contours / hatch : Outer to Inner – Inner to Outer

- Outer contour speed [mm/s] : 340 – 250 – 175 – 100

- Outer Focus offset [mA] : 0 – 3 – 10 – 15

- Outer current=Maxcurrent [mA] : 3 – 4 – 6 – 8

- Outer spots [#] : 10 – 20 – 40

- Double fusion (outer supplémentaire à la fin)

- Paramètre croisés vu que lié par densité d’énergie :
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Surface Characterization
• Surface Roughness measurement
• Diminution of Ra with thickness' of the sample
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Surface Characterization
• Surface Roughness measurement
• Diminution of Rt with thickness' of the sample
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Surface Characterization
• Surface Roughness measurement
• Influence of contour
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Surface Characterization
• Surface Roughness measurement
• Synthesis :
• Contour numbers = 100 (A6)

• 1mm  better than standard (Ra and Rt)

• 7mm  idem

• Contour inner to outer (A7)

• 1mm  better than standard (Ra and Rt)

• 7mm idem

• Double fusion 

• Worst than Standard
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• Surface Roughness measurement
• Ra = 25-35 µm  Near Sand casting!

Surface Characterization

31Ir Adrien Dolimont | Présentation de recherche
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• Conclusions

Process Characterization
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Surface characterization

Ra = 30-35 µm

Sand Casting

Dimension characterization

CT = CT7

Die Casting, Investment 
casting
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Machining of EBM 
Samples

Ir Adrien Dolimont | Présentation de recherche 33



Université de Mons

Machining of EBM Samples
• Sample for tensile test
• cutting forces measurement of Ti EBM + chips analysis
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Experimental Setup
Machining Center :

• Weiller E35

• Max spindle speed 3000 RPM

• Spindle power of 11kW

FyFx

Fz

Dynamometer 
Kistler 9257B 

Tools : Cutting 
insert (VBMT 
160404-FM2 
(CP500))

Tools Holder : 
SVVBN 
2020K16
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Machining of EBM Samples
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• Different size of specimens

• Before and after HIP treatment

• We machined this specimens and 
measure the cutting force
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• Measurement

Machining of EBM Samples
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RMS1 RMS2 RMS3

Build direction
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• Comparison of the cutting forces between 
EBM titanium alloy with and without HIP 
treatment

Machining of EBM Samples
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ap = (vary depending of the sample)
f=0.08 

𝑲𝒄 =
𝑭𝒛 𝑹𝑴𝑺
𝑨

𝑨 = 𝒂𝒑 . 𝒇

𝑭𝒁 𝑹𝑴𝑺 =
𝟏

𝒏
 

𝒊=𝟏

𝒏

𝑭𝒛𝒊
𝟐

𝒂𝒑 =
𝑫𝒃𝒆 −𝑫𝒆𝒇

𝟐
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Machining of EBM Samples
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Machining of EBM Samples
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• 5 HIP and 5 No HIP

• Difference between HIP and No HIP is under 
experimental uncertainty

•  HIP Has no significant influence on 
machining properties
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Machining of EBM Samples

Ir Adrien Dolimont | Présentation de recherche 41

0

500

1000

1500

2000

2500

3000

3500

N0 N1 N2 N3 N4 N5 N7 N8 N9

KC
  (

N
/M

M
²)

EPS 3 PARTS (SÉRIE N)

Evolution of Kc for EPS3

• Kc similar to wrought titanium
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Machining of EBM Samples

Ir Adrien Dolimont | Présentation de recherche 42



Université de Mons

Machining of EBM Samples
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• Verification of machining allowance
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Machining of EBM Samples
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• Verification of machining allowance

Befor machining : 12 mm and 5.5 mm
After machining : 10  mm and 4.5 mm
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• Future tasks

• Machining of simple geometry

• Wear analysis?

• Cutting forces analysis

• Comparison with wrought Ti6Al4V

Machining of EBM Samples
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Residual stresses analysis
(in progress)
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• Presence of residual stresses?
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Residual stresses analysis



• Presence of residual 
stresses?
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Residual stresses analysis
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5 pièces EBM
2x10x107, 3x10x107, 4x10x107, 5x10x107, 10x10x107

 Découpe fil

Residual stresses analysis
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Results

Residual stresses analysis
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Results : 2 mm

Touch

Begin = 0 mm
End = 0,33 mm

Residual stresses analysis
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Results: 10 mm

Don’t Touch

Begin = 0,23 mm
End = 0,33 mm

Residual stresses analysis
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• Different methods:
 Crack compliance method;

 Finite element method;

 DRX method.

Residual stresses analysis
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Conclusions and 
future work
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Conclusions and future work

• Different analysis were done
 Dimension characterization

 Capability analysis

 CT 7 

 Surface characterization

 Machinability of EBM Samples
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Conclusions and future work

• Future work
 Residual stresses analysis :

 Crack compliance method;

 Finite element method;

 DRX method.
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