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» Objectif: optimiser le choix des para- » Attractive cost: cost reduction of about 30 to 50 %
métres de coupe a I'usinage robotisé in comparison with a CNC machine tool having the Milling operations

same workspace
» Modelisation d'un bras robotise et cou-

! 4 . » Machining of large workpiece with complex shapes
plage au procédé d'usinage Ning rge workpiece wi plex shap

and difficult access

» Simulation de I'usinage robotise sur » Increase of productivity for current manuel opera-
base d'un modele numerique tions such as composite trimming and chamfering

» Validation du modele dynamique »On the other hand, robot stiffness is low: < 1 N/pm
par des essais experimentaux (CNC machine tool stiffness > 50 N/um)

- e ot _ » Machining errors are mainl h klash

> Mlse en place d'OUtIIS Vlsant Ia recom ac . g Srrors arc . a y Caused by t < baC as » Operations: surfacing, sanding, cutting, polishing,
mandathns des paramétres de Coupe and fr|Ct|On |OSS€S at JOIntS milling, grinding, contouring, ...
suivant le compromis "stabilité-produ- »Hence, vibration of the structure, instability and > Materials: aluminium, plastic, composite, foam,
ctivité-précision" loss of accuracy (chatter phenomenon) [1]

Simulation environment

EasyDyn DyStaMill Coupling

»EasyDyn: multibody framework [2] »DyStaMill: milling routine [3] » Coupling of EasyDyn and DyStaMill [4]
>Simhulati0n pfda n;L_lltlibocnytsystem >Macroscopic model of milling » Simulation of the milling performed
such as an industrial robo . . . . i
> Construct 4 Ution of th + »Simulation of milling operations: — by a complex mechanical system
ONSLIUCLION and TESHIULIoN Of the - prediction of the cutting forces = ot e
equations of motion by application o
of the d'Alembert principle: IF— K h-da K: cutting coefficen 2

h: undeformed chip thickness
da: elementary cutting length

IM[{q}+|Cl{a}+[K|[{a}={0} - update of the workpiece geometry aaton et e Current mode

Experimental setup and milling tests

Experimental setup Resul

Cutting coefficients
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»Work iece end mill : : 60 | N i\Q @ I
N » Surfacing operations, depth of cut TR TR T N A T VAN A i
ranging from 0.1 mm to 1.6 mm 80 f AR S AN IR ATy
}Overall flatness: 0.238 mm 100 05 1 15 ) 25 5))10 0 5 0 15 N 22 f1:2|5t 30 35 40
. o Time [s] x 107 umber of tes
> Milling tests on aluminium plates >Roughness: R,=0.4-0.8, Rg=6 pm » Model fitting: 18700 RPM at 1.6 mm » Identification by inverse analysis
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