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INTRODUCTION

Manufacturing parts with complex geometries (Aerospace, Biomedical, Nav

«... 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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https://3dexperienceworld.com/article/Don%E2%80%99t%20Miss%20This%20Demo%3A%203DEXPERIENCE%20Works%20and%20SOLIDWORKS%202023
https://eduspace.3ds.com/CompanionManager/

3DEXPERIENCE | DELMIA Milling Machining

3DEXPERIENCE | DELMIA Milling Machining
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PRESENTATION OF THE CAM MODULE

I T1_Cylindrique_D10 x VI
DHUB=10mm
Aluminium | ¥ || Face milling * || Roughing v +
T1_Cylindrique_D10 X T1_Cylindrique_D10
-~
T1_Cylindrique_D10 Machined Material: Steel -
¥ Geométrie Machining Type: 2
: Fa illi [
I S |—__’ R - Machining Quality: R:: :lln - -
] » Technolagie I Diamétre coupant (DC) 10mm | - I o @
QAL=100mm I » Vitesses et avances l\ Rayon du coin (RE): omm - Mode Vitesse: Linear ¥ @
» Compensation ur totale (OAL): 100mm = Vitesse de coupe:
; ot Profondeur de coupE . = Vitesse de broche : 4774648 .
— ; l:oul:nr du corps d; piéce Longueur effective (LE): - TR PerTooth ¥
Longueur de |a téte (LH): 60mm = MAvance : 572.958mn o
= “ AT = Diamétre du moyeu (DHUB): 10mm : Avance par dent :
| Style de coin Arrondi - Longueur d'usinage maximale :| Omm -
| Largeur de chanfrein de coin (CHW): 2mm Durée de vie maximale : 0s -
Angle de chanfrein de coin (KCH) 45deg . Syntaxe du refroidissement
Longueur de tige (LS): 40mm | = ) Vitesse max. en usinage : Oomm_mn | o
Epaisseur max du copeau : omm -
Cutting tool geometry & Cutting conditions Txmaxduvome:  (onas [
Puissance max : ow -
o Force de flexion : oN -
To be defined from a catalog e o msirat: (oo |5
Avance de plongée : omm_mn | 5
\/ Prof. axiale coupe Omm -
T a
Application/ Alu Alu F?m( PMMA  PE-HD PAG6  PEEK  PF31  AFK  PVDF  POM PAG6 PEEK PTFE  PEEK Honez- w  CGin AN Q
v, [m/min] o A Amyl Aramide com a0 71| >| I<
< an®. % >10%Si W20 F2S V30 V30 FC25 F(30  Sandwich -
Code IS0 N N N N N N N N N N N N N N N N N N |
202243-202249 WL @ 120 180 130 150 130 110 180 120 150 | ® ¢ O O
[2]'8 = L, L D, L @D, Typede Largeurdu T
202243 202244 202249 b [T | ek i )
: beca45® v a
Fraise carbure mono- Alu - Q i
Fraise carbure monobloc bloc avec amrosage in- 455 4
teme
f, .
202243 g
MTC 202249
mm mm mm mm mm mm mm
63,11 70,75 P 30 9.2 1 10 HA 0,2 0,05 & -
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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- Tool selection

2- Geometry : Concerned surfaces
3- Machining strategy

4- Tool axis

5- Approach /retraction path

6- Approach /retraction path speed

surfacage.2 ' ' ' ' ' '
@7 B 227 & @

T3_Fraise a surfacer D63 (T3_Fraise a surfacer D63) E 3@ ®

Station de montage -

Conditions de coupe - 40k

Conditions de finition v (G0

L
h= ¢

DHUB=25mm

o 153mm

KAPR=45deg

OAL=30mm [
APMX=5mm hm
DC¥=63mm
# dans le visualisateur principal )/Q
Par défaut Définition par 'utilisateur (W) Y

oK Simuler Affichage Annuler

Arts e,
Y 4 et Métiers



PRESENTATION OF THE CAM MODULE

Typical operation definition

Tool path

Surfagage.2 O x

Hélicoidal (vers I'intérieur) -
2%
Yo @ [ 7 &° @
Style de trajectoire des outils Hélicoidal (vers I'intérieur)
Sens de coupe En avalant

Tolérance d'usinage 0,Tmm

NPT PESIRE (]

récision bridage 0,7mm

Conournement arétes vives Circulaire

Compegsation 1

N Gt W §f

OK Simuler Affichage Annuler

Operation parameters configuration
(axial pass ap, radial pass ae ...)

\

’ Nombre de niveaux -

Profondeur de coupe maxi

Nombre de niveaux

&7
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IMPACT OF TOOL PATH ON SURFACE QUALITY

surfagage 2 & x
i B 27 &2 e
4 L A
25 Style de trajectoire des outils R (o e -
lw Sens de coupe En avalant v I
g [T r— 0mm .
B  precision bridage 01mm -

Contournement arétes vives Circulaire

% Compensation 1

oK simuler | | Affichage | | Annuler

Cutter rotation

Source

Up milling(en opposition)

Down milling (en avalant)

Chip thickness
begins at zero

Chip thickness
and increses

—e| = Dbegins at max

Qdecreases I' Source

* Poor surface roughness
* Cutting force is directed upwards
-> Needs strong clamping
* Material work hardeining and more heat generation

* Good surface roughness

* Cutting force is directed downwards

* Higher cutting force at the begining
-> Not suitable for brittle materials
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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
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Spiral-In
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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



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



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

surfacage.2

Y& &

Style de trajectoire des outils

7 &° @

Hélicoidal (vers I'intérieur)

OWN .

N

Sens de coupe En avalant -

Tolérance d'usinage 0,Tmm .

Précision bridage 0,7mm :

Contournement arétes vives Circulaire v

& Compensation 1 v
oK Simuler Affichage | Annuler
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Linear interpolation Polynomial interpolation (Bspline, NURBS ...)

écart de fleche discontinuités écartde fleche  OScillations
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: Source
trajet
N nominal
courbe a usiner trajet : )
nominal courbe a usiner e
N _ : " [Duc 1998]
trajet linéaire (G1) de I'outil trajet polynomial (B-Spline) de I'outil
-> Not recommended for high feed rates -> Smooth tool path
vitesse
. d'avance
t B-Spline 1pym (miin)
6
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3
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https://tel.archives-ouvertes.fr/tel-00918816/file/_BEUDAERT_2013_presentation_soutenance_these.pdf

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

- Specific fixture/clamping system
- Tool path optimization
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Workpiece vibration and deformation
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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

* Thin- Walled Workpiece

- Work by zone: avoids going back and forward between the different zon

- Work by plane: balance the deformations of the workpiece (Jump-to-jump toolpath strateqy)

—
Start with
stub/reg
length tooling
Detail A Relieved
neck will
1 not rub on
wall

© Harvey Performancelompany, LLC.
Source

Ebauche.1

s the
tool's LBS
length

Qx|

?\/ @\l i?\/ &ﬁ\/ @\/

A\ &% § .

Zone e Par plan
Tolérance d'usinage 4
Sens d'usinage
Style de trajectoire des outils
Progression hélicoidale
» Style distinct dans les poches ferm§
Sciences et
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https://www.harveyperformance.com/in-the-loupe/thin-wall-milling-accuracy/

* Rough machining: plunge milling (tréflage)

Source

Source

+ High material removal rates Wy
+ limited tool deflexion (low radial forces) M "
o e R |
+ Corners machining - S * S,
. . B rree - : - @
- High axial force 2
- High machine rigidity is required %
i
o 1
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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 (tréflage)

Source

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

* Rough machining: plunge milling (tréflage
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MILLING STRATEGIES

—
* Rough machining: Trochoidal milling

<

+ 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

Source

Usinage de surface = Usinage axial

@& W P

Fraisage trochaidal.1 g x
v’ @V v
Yo' @[ 227 ™
,3, Diamétre trochoidal smm -

s?

oK Simuler Affichage | | Annuler
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https://www.tungstentools.com/fr/mill.asp?menu=23&gruppomenu=17&submenu=124&content=80&macroart=128

* Rough machining: Trochoidal milling

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

MILLING STRATEGIES

* Rough machining: Trochoidal milling

o
s

-t w7 w w
B.) C.) D.) E.)
50.0 %
i 1400 . :
@ -
E 40.0 A 5 i g 1200 - T map= 12 mm, = =
TE 3004 | & 1000 | w=12mm
e E ’ T Z
s E $ % 800 - " @ap =16 mm, | ~70%
e E 200 {- - - /. S of 600 - w=2mm
=2 " A, B®@ CHAI|ID e , . E
= > | ‘ | £ 400 A t t D ¥ :
57 100 I - .\ B C
] - T = | = B
= 0.0 A Z ' e L -~ 0-_%1%,%% |
. Semi- S Stepping- G al . .emi- e s Stcppipg— Milling
CAtmo  Cycloid circular Swinging P i ener: ) CAtmo Cycloid PP Swinging swinging General athad
Source Milling method
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https://www.forgacsolaskutatas.hu/innovacio/can_trochoidal_milling_be_ideal/

* Rough machining: Trochotdal milling

Test Data

Tool Diameter (mm)

Option 1 - Slotting

Option 2 — Trochoidal — 2 Flute

Option 3 — Trochoidal — 3 Flute

Tool Cost (Approx.)

Z (teeth number)

ap (mm) / depth

Cutting Speed V(m/min)

Feed Rate (mm/m

Feed f(mm/flute)

Sutton Sutton Sutton
R40 Al R4O Al R&42/43/44 HARMONY Al
E3102000 E3101200 E4001200
VHM VHM VHM
ER Collet chuck Shrink fit Shrink fit
20 12 12
$220.00 $77.00 $80.00
2 2 =)
20 2 2
12 + 12 (2 passes) 24 (single pass) 24 (single pass)
100 200 250
1600 5300 6600
200 2300 4400
0.05 0.22 0.22

22

=
E
~
m
E
S
@
o
=

Source

Option 1 - Slotting

Option 2 - Trachoidal 2 Flute

Option 3 - Trochoidal 3 Flute
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https://suttontools.com/eu/fr_post/fraisage-trochoidal-vs-fraisage-conventionnel/

* 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-

tool : workpiece

‘ % ({'—b . E 1 borehole\\ TY /

Source Source
-Incremental strategy-
!
E High axial force
O g High power requirement
- i . : :
— T >.Use only when it remains the only possible
: option
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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 cavities/pockets

-Ramping/helical ramping strategy-

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

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

MILLING STRATEGIES

* Finish machining strategies

Flat-End Mill

Shoulders Left
in Roughing

Part Surface Cutting Plane

Source

o0 Finishing

...

0SGZPHOENIX

Ball-End Mill

...

: Allowance

Shoulders Left
in Roughing

(b) Source

Part Surface
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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

* Finish machining strategies

line trave! OVET measure

line fravel real confour

COMY. «femes  mmmp HSC

Source Rth {mm})
=00 tos! d EI"|1t5r D: 10 ":lkm /
160 —
120 {Rth =
80 —
Rth . D D 1 (bT)Z ~ sz 40
2 2 D) 7 4D 0~

line travel br (mm)
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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 créte)

Contournage niveaux Z.1 0%

W @7 Y & @

Prise de passe Constant -
Distance max. entre les passes

Distance minimale entre les passes

Hauteur de créte

Stratégie de guidage hélicoidal

Hauteur de créte

E Distance sur contour

i ) &0 W

oK Simuler
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MILLING STRATEGIES

* Finish machining strategies

A - Décélération
B - Avance lente
C - Accélération

Source

Variation of the chip thickness in the corners => Shock, vibration

—=> Reduction of the feed rate in the corners

Ebauche de piéces prismatiques.1 %
T’ @ R &7
v Réduction de vitesse dans les coins
L Unité d'avance Linéaire v
% Vitesse d'approche 300mm_mn
| Vitesse d'usinage 572,958mm_mn Taux |jE' rF:‘dLJI:tiDn &] :
Vitesse de retrait 30mm_mn |
| » Jmansition Angle minimal 45deg -
/" Rayon maximal 1mm -
Taux de ralentissement 100 = ) /! v
| i . 1
» [ Réduction de vitesse dans les coins E ,,/' Distarll:l:_" avant |E' EDirI 1mm :
Taux de réduction 80 - E '," ) . ) =
Angle minimal asdeg - :r" Distance aprés le coin Tmm -
Rayon maximal imm = :
Distance avant le coin Amm - E
Distance aprés le coin 1mm - :
.l

Actions

B@~> L&
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https://www.protocase.com/blog/2020/03/06/how-corner-radius-affects-cnc-machining/

G CODE GENERATION

1 1
1 1
1 1
1 1
1 1
1 1
! !
1 1
' (Post-processeur) G cod |
| code ,
1 1
| | FEDRAT/ 1000.0000,MMPM N16 GO Z3.3 1
1| GoTO /  29.57462, 3.89485, 0. 50028, N17 GO Z1.7 |
1 GoTo  / 32.69592, 5. 66495, 0. 50028, N18 Gl z0.5 F300 1
|| oTo s  35.85733, 7.21086, 0. 50028, N1D %24.535 ¥2.109 |
| GoTo /  38.95174, §.46326, 0. 50028, N20 G3 X26.192 ¥1.741 I25.548 12.753 | !
|| GOTO /  41.61099, 9.32679, 0. 50028 !
1| GoTo / 44.31773,  10.00665, 0. 50028 i
|| GoTO /  46.55351, 10.41741, 0. 50028 !
1 1
1 1
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APT Source Langage ISO

MSYS/ 0.83717, 0. 34694, 0.00000, 1091,36447,% pa Processl_Programme_de_fabrication_1 G7
0.00000, 0.00000, 1.00000, -756.89991,% N1 G30 G17 x-10.226 Y-43.489 7-85.058
0.54694, -0.83717, 0.00000, -564.15320 N2 GO0 631 x80.321 v1l.488 70.5

$SCATIAV5-SGPOST. pptable- (NCSOFT) NI GBO AD CO

PPRINT Phase d'usinage.l
PARTNO Programme de fTabrication.1
%% OPERATION NAME : Changement outil.l

N4 GBO
N5; T2 T1 Fraise 2 tailles D28

$$ Début de génération de: Changement outil.1l N6;T3 T1 Fraise hemi sphérique D10
MULTAX,/ON ; Phase d usinage.1
5% TOOLCHANGEBEGINNING N7 GO Z450 M9l
CUTTER/ 28.000000, 0.000000, 14.000000, O.000000, O.000000,% NE GO A0 CO M91 mM94
0.000000, 50.000000 N9: Tl Fraise a5 D28
MODE ,/MILL N1O G17 T2 DR
TPRINT/T1 Fraise 2 tailles D28

LOADTL/2

%% TOOLCHANGEEND ontournage niveaux zZ.1
M3

$% Fin de génération de: changement outil.l N12

OPTYPE,/3AXES_Contournage niveaux Z N13 GEO AO CO . .
PPRINT Contournage niveaux z.1 N14 GO AqQl2 M94 ~ Langage Heidenhain
$9 OPERATION NAME : Contournage niveaux Z.1 N1> Q0 X24.904 ¥3.769

G0 Z3.3

génération de: Contourna
GO Z1, 2

0 BEGIN PGM processl_programme_de_fabrication_1 MM
1 BLK FORM 0.1 Z X-10.226 v-43.489 Z-85.058
2 BLK FORM 0.2 X+80.321 y+11.488 Z+0.5

3; programme de fabrication.1

CYCL DEF 19.0 PLAN D'USINAGE

CYCL DEF 19.1 a+0 C+0

CYCL DEF 19.0 PLAN D'USINAGE

CYCL DEF 19.1

-Phase d usinage.1

L X+450 FMAX M91

L A+0 C+0 FMAX MO1

%% Début de

SPINDL,/  70.0000,RPM,CLW

. 90375, 0028, 0.000000, 0

. 000000, 0.000000, 1.000000

T . 0.50028, 0.000000, 0.000000, 1.000000
GoTOo  / 24.53534, 2.10902, 0.50028, 0.000000, 0.000000, 1.000000
INTOL / 0.03000
ouTTOL/ 0.00000

EDRAT/  300.0000, NP ¥35. 857

N24 X38.952 Y8.
N25 x41.611 Y9,
N26 x44.318 Y10

WOEE ] hun Fe

AUTOPS N27 X46.554 v10 [10 m94 .
Warm, -0.84354, 0. 00000 N28 x49.135 y10 [11¥ -T1 Fraise as D28
N, GOFWD,/ (CIRCLE/ 25.54759, 2.75350, 0.50028, NZ20 ¥52.133 y1Q |12 TOOL CALL 2 A

q 1.20000) ,0N, (LINE/ 25.54759, 2.75350, 0.50028,$% N30 X55.339 yigQ [t3 TooL DEF 3
\mﬁa‘m 26.19207, 1.74125, 0.50 N31 X58.859 v10 * —Contournage niveaux Z.1
FEDRAT T TOU0=6666-rs2M N32 X61.967 vO. [FE L M3
GoTo /  29.57462, 3.89485, 0. 50028, 0.000000, 0.000000, 1.000000 N33 ¥65.411 yo, [t CYCL DEF 19.0 PLAN D'USINAGE
GoTo /  32.69592, 5.66495, 0.50028, 0.000000, 0.000000, 1.000000 . * 16 cvcL DEF 19.1 A+0 C+0
GoTo / 35.85733,  7.21086,  0.50028, 0.000000, O.000000, 1.000000 N34 X68.839 Y8. 0 .
GoTo /  238.95174, 8.46326, 0.50028, 0.000000, 0.000000, 1.000000 N353 X70.859 ¥7.
GOTO /  41.61099, 9.32679, 0.50028, 0.000000, 0.000000, 1.000000 MIS wTT o aen wvE
GoTo / 44.31773, 10.00665, 0.50028, 0.000000, 0.000000, 1.000000
GoTo / 46.55351, 10.41741, 0.50028, 0.000000, 0.000000, 1.000000
GOTO / 49.13488, 10.72025, 0.50028, 0.000000, 0.000000, 1.000000
GoTo /  52.13315, 10.88408, 0.50028, 0.000000, 0.000000, 1.000000 q
GoTo /  55.33895, 10.81488, 0.50028, 0.000000, 0.000000, 1.000000 ; VTR
GoTo / 58.85936, 10.48475, 0.50028, 0.000000, 0.000000, 1.000000 35 L %+29.575 v+3.895 F1000
GOoTOo /  61.96674, 9.99450, 0.50028, 0.000000, 0.000000, 1.000000 36 L X+32.696 Y+5.665
GoTo /  65.41061, 9.25747, 0.50028, 0.000000, 0.000000, 1.000000 7 L X435 857 Y47, 211
GoTo / 68.83897, 8.33173, 0.50028, 0.000000, 0.000000, 1.000000 58 L Xt38.952 v+B.463
GoTo /  70.85900, 7.63799, 0.50028, 0.000000, 0.000000, 1.000000 50 L %441 611 v+0. 327
GoTo / 71.98863, 7.11840, 0.50028, 0.000000, 0.000000, 1.000000 30 L >sdd. 318 v410.007
GoTo / 73.31569, 6.33349, 0.50028, 0.000000, 0.000000, 1.000000 31 L Mtd6. 554 v410. 417
GoTo /  74.59268, 5.40897, 0.50028, 0.000000, 0.000000, 1.000000 37 L 549,135 v+10.73
GoTo /  75.90653, 4.18669, 0.50028, 0.000000, 0.000000, 1.000000 33 L x152.133 va10. 834
GoTo / 77.09247, 2.77441, 0.50028, 0.000000, 0.000000, 1.000000 31 L %iat 335 valo. B1s
GoTo / 78.03877, 1.31423, 0.50028, 0.000000, 0.000000, 1.000000 is 22 859 vi10 485
GoTo / 78.79521, -0.232309, 0.50028, 0.000000, 0.000000, 1.000000 L X+28.8.9 v+l10.

36 L X+61.967 Y+9.995
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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

... 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).
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