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INTRODUCTION

Manufacturing parts with complex geometries (Aerospace, Biomedical, Naval …)

CAM (Computer-Aided Manufacturing)
FAO (Fabrication Assistée par Ordinateur)

- Calculate tool path
- Check the accessibility of the tool/surfaces
- Avoid tool/workpiece, tool/mounting, tool/machine collisions
- Check if the geometry of the machined part is correct 
- Estimate the machining times
- Generate the CNC program (via the postprocessor)
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https://www.youtube.com/watch?v=aApe9F8kTMs
https://www.youtube.com/watch?v=aApe9F8kTMs
https://www.youtube.com/watch?v=aApe9F8kTMs
https://www.youtube.com/watch?v=_26tu4c7V88&t=27s
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PRESENTATION OF THE CAM MODULE
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https://3dexperienceworld.com/article/Don%E2%80%99t%20Miss%20This%20Demo%3A%203DEXPERIENCE%20Works%20and%20SOLIDWORKS%202023
https://eduspace.3ds.com/CompanionManager/


PRESENTATION OF THE CAM MODULE

Raw part

Machining operations
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Design part

Manufacturing sequence
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T1_Cylindrique_D10 A (T1_Cylindrique_D10)



PRESENTATION OF THE CAM MODULE

Source

Cutting tool geometry & Cutting conditions

To be defined from a catalog

->
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T1_Cylindrique_D10

T1_Cylindrique_D10

T1_Cylindrique_D10

T1_Cylindrique_D10

https://www.hoffmann-group.com/FR/fr/hof/Usinage-monobloc/Fraises-carbure-monobloc/Fraise-carbure-monobloc-MTC-non-rev%C3%AAtu/p/202244?tId=755


PRESENTATION OF THE CAM MODULE

Typical operation definition

1 3 52 4 6

1- Tool selection
2- Geometry : Concerned surfaces
3- Machining strategy
4- Tool axis
5- Approach/retraction path
6- Approach/retraction path speed
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PRESENTATION OF THE CAM MODULE

Typical operation definition
Tool path

Operation parameters configuration 
(axial pass ap, radial pass ae ...)
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Up milling(en opposition)Down milling (en avalant)

Source

IMPACT OF TOOL PATH ON SURFACE QUALITY
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Chip thickness
begins at zero
and increses

Chip thickness
begins at max 
and decreases Source

* Good surface roughness
* Cutting force is directed downwards
* Higher cutting force at the begining

-> Not suitable for brittle materials

* Poor surface roughness
* Cutting force is directed upwards

-> Needs strong clamping
* Material work hardeining and more heat generation
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https://www.researchgate.net/publication/318347587_Application_of_a_variable_flow_stress_machining_theory_to_helical_end_milling
https://waykenrm.com/blogs/aerospace-parts-manufacturing/


IMPACT OF TOOL PATH ON SURFACE QUALITY

Source

Source

9

https://www.sv-jme.eu/?ns_articles_pdf=/ns_articles/files/ojs/4450/public/4450-25278-1-PB.pdf&id=3381
https://www.youtube.com/watch?v=an4ikANirNo


IMPACT OF TOOL PATH ON SURFACE QUALITY

Source
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https://appleinsider.com/articles/08/10/14/apple_details_new_macbook_manufacturing_process


IMPACT OF TOOL PATH ON SURFACE QUALITY

Source
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https://www.edx.org/course/fundamentals-of-manufacturing-processes


TOOL PATH DISCRETIZATION (CHORD ERROR)

3
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Linear interpolation Polynomial interpolation (Bspline, NURBS …)

-> Smooth tool path-> Not recommended for high feed rates 

TOOL PATH DISCRETIZATION (CHORD ERROR)

Source

Ra=1,1 µm
Rt=7,72 µm

Ra=1,11 µm
Rt=9,62 µm
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https://tel.archives-ouvertes.fr/tel-00918816/file/_BEUDAERT_2013_presentation_soutenance_these.pdf


MILLING STRATEGIES

Source Source

* Thin-Walled Workpiece
Poor rigidity (stiffness) -> Workpiece vibration and deformation

- Specific fixture/clamping system
- Tool path optimization

Source

Workpiece vibration and deformation

Tool deformation Source
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https://waykenrm.com/blogs/aerospace-parts-manufacturing/
https://www.youtube.com/watch?v=vcU33ms6__k
https://www.youtube.com/watch?v=wbYVZ-F5dnE
https://www.researchgate.net/publication/266398129_Process_Monitoring_with_a_Force_Sensitive_Axis-slide_for_Machine_Tools


MILLING STRATEGIES

Source

- Work by zone: avoids going back and forward between the different zones
- Work by plane: balance the deformations of the workpiece (Jump-to-jump toolpath strategy)

* Thin-Walled Workpiece
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https://www.harveyperformance.com/in-the-loupe/thin-wall-milling-accuracy/


MILLING STRATEGIES

Source

* Rough machining: plunge milling (trèflage)

Source

+ High material removal rates
+ limited tool deflexion (low radial forces)
+ Corners machining
- High axial force
- High machine rigidity is required
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https://www.sandvik.coromant.com/en-gb/knowledge/milling/milling-holes-cavities-pockets/pages/plunge-milling.aspx
https://www.cnccookbook.com/toolpath-secret-weapon-complete-guide-to-plunge-milling-roughing/


MILLING STRATEGIES

* Rough machining: plunge milling (trèflage)

Source

Source
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https://www.youtube.com/watch?v=dvLjG6i1ah4
https://www.youtube.com/watch?v=6odqjHj43oo


MILLING STRATEGIES

* Rough machining: plunge milling (trèflage)
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MILLING STRATEGIES

* Rough machining: Trochoidal milling

Source

+ Cuntting forces reduction (up to 70%)
+ Lower cost (smaller cutting tools)
+ High removal rate
+ Lower heat generation
+ Lower tool wear evolution
- CAM Software features
- High kinematic performance of the milling machine
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https://www.tungstentools.com/fr/mill.asp?menu=23&gruppomenu=17&submenu=124&content=80&macroart=128


MILLING STRATEGIES

* Rough machining: Trochoidal milling

Source
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https://www.youtube.com/watch?v=S-DB2Vmr0qw


MILLING STRATEGIES

* Rough machining: Trochoidal milling

Source
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https://www.forgacsolaskutatas.hu/innovacio/can_trochoidal_milling_be_ideal/


MILLING STRATEGIES

* Rough machining: Trochoidal milling

Source
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https://suttontools.com/eu/fr_post/fraisage-trochoidal-vs-fraisage-conventionnel/


MILLING STRATEGIES

* Rough machining: Trochoidal milling

Source
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https://www.youtube.com/watch?v=1XI9d8DZOEg


MILLING STRATEGIES

* Milling cavities/pockets

-Ramping/helical ramping strategy-

-Incremental strategy-

High axial force
High power requirement
-> Use only when it remains the only possible 

option

SourceSource
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https://waykenrm.com/blogs/metal-machining-strategies/
https://www.sandvik.coromant.com/en-us/knowledge/milling/milling-holes-cavities-pockets/pages/peck-milling.aspx


MILLING STRATEGIES

* Milling cavities/pockets

-Ramping/helical ramping strategy-

Source
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https://www.youtube.com/watch?v=2tcINSEaM3w


MILLING STRATEGIES

Source
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https://www.youtube.com/watch?v=NPz8OSa7H7o


MILLING STRATEGIES

* Finish machining strategies

Source

Source
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https://chrisandjimcim.com/what-is-stepover/
https://web.mit.edu/hyperbook/Patrikalakis-Maekawa-Cho/node213.html
https://www.youtube.com/watch?v=TKX-1rERVJg


MILLING STRATEGIES

* Finish machining strategies
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https://pdfs.semanticscholar.org/397d/337f0867f2e11f6126bbd863c001a0fc3931.pdf?_ga=2.49972518.1889714009.1662313711-1718409810.1662313711


MILLING STRATEGIES

* Finish machining strategies

Scallop height ( hauteur de crête)
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MILLING STRATEGIES

* Finish machining strategies

Source

Variation of the chip thickness in the corners => Shock, vibration
=> Reduction of the feed rate in the corners
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https://www.protocase.com/blog/2020/03/06/how-corner-radius-affects-cnc-machining/


G CODE GENERATION

CAD
(CAO)

CAM
(FAO)

Trajectories generation Postprocessor
(Post-processeur)

G code
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G CODE GENERATION

APT Source Langage ISO

Langage Heidenhain

32



CONCLUSION

An optimization of the machining strategies (tool path) is crucial to obtain a high quality
machined parts and to obtain a high level of productivity

However, the tool selection and operating parameters optimization must not be neglected
(COM approach).

CAD software ensures:
- Tool path optimization
- Accessibility, collisions verification
- Machining time estimation
- APT source/G code generation

It cann not predict:
- Surface roughness
- Vibration/chatter
- Workpiece/tool deformation
- Cutting parameters validation

33


