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Robotic 8achining
/evelopment 0 Validation of a Robotic 8achining Numerical 8odel

in order to Optimise the Xutting Parameters

Résumé Xontext
Objectif5 optimiser le choix des paraG
mètres de coupe à l1usinage robotisé

Service de 8écanique Rationnelle
/ynamique et Vibrations

Simulation de l1usinage robotisé sur
base d1un modèle numérique

8odélisation d1un bras robotisé et couG
plage au procédé d1usinage

Validation du modèle dynamique
par des essais expérimentaux

8ise en place d1outils visant la recomG
mandations des paramètres de coupe
suivant le compromis cstabilitéGproduG
ctivitéGprécisionc

8illing operations

Operations5 surfacingD sandingD cuttingD polishingD
millingD grindingD contouringD bbb

8aterials5 aluminiumD plasticD compositeD foamD
woodD stoneD steelD bbb

zttractive cost5 cost reduction of about j& to '& 2
in comparison with a XNX machine tool having the
same workspace

[é] >b >glesiasD 8bzb SebastianD )b4b zresb Overview of the state of robotic
machining5 Xurrent situation and future potentialb Procedia EngineeringS
D32:9DD49D7S 2mD5C

Simulation environment

4xperimental setup and milling tests
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8achining of large workpiece with complex shapes
and difficult access

>ncrease of productivity for current manuel operaG
tions such as composite trimming and chamfering

On the other handD robot stiffness is low5 k é Ngµm
AXNX machine tool stiffness ] '& NgµmC

8achining errors are mainly caused by the backlash
and friction losses at joints

(enceD vibration of the structureD instability and
loss of accuracy Achatter phenomenonC [é]

4asy/yn /ySta8ill Xoupling

4asy/yn5 multibody framework [x]

Simulation of a multibody system
such as an industrial robot

/ySta8ill5 milling routine [j] Xoupling of 4asy/yn and /ySta8ill [à]

+ =
Xonstruction and resolution of the
equations of motion by application
of the d1zlembert principle5

[M]{q}W[C]{q}W[K]{q}={E}
b

Simulation of milling operations5
G prediction of the cutting forces

8acroscopic model of milling

dF= K h da
dF: cutting forces
K: cutting coefficients
h: undeformed chip thickness
da: elementary cutting length

Simulation of the milling performed
by a complex mechanical system

Xurrent modelValidation of the couplingG update of the workpiece geometry

Stability lobes
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Stable milling process
for the cutting paraG
meters in the green
area

Stability limit
<orce maxb criterion
Vibration maxb criterion
Roughness maxb criterion

(ybrid positiongforce control

6inks[flexible beams

bb

bb

4xperimental setup

Workpiece
Force sensor

Stäubli robot
TXzEE model

Electrospindle

8illing tests on aluminium plates

Resulting workpiece

Surfacing operationsD depth of cut
ranging from &bé mm to ébq mm

Roughness5 Ra[&bàG&bwD Rt[q µm

Overall flatness5 &bxjw mm

Xutting coefficientsXutting forces

8odel fitting5 éw"&& RP8 at ébq mm
Time [s]

C
ut
ti
ng
Fo
rc
es
[N
]

E

Fx
Fy
Fz

zET8 NT8N zT8 .
x NEb.

bNEE

b8E

b-E

bzE

b6E

E

zE

6E

-E
Aluminium 6E8z T6

>dentification by inverse analysis

4xtension of the multibody model to a qGdof
robot composed of flexible beams [']

Validation of the robotic machining environG
ment on the basis of milling tests

znalysis of the stability using different criteria

/evelopment of tools leading to an optimal
choice of the cutting parameters

Aluminium
6E8z T6

CylT carbide
end mill


