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Modeling a Deburring Process, Using DELMIA V5®
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Abstract: This study investigates a Deburring process which 1s integrated with a robotics application.
Conventional tumble deburring processes have been used for years in the surface finishing industries. The
manual process is tedious, inconsistent and maccurate. Automation in the finishing process has been proved
very beneficial. Integration of robots in the process provides more flexible and convenient process. We
investigate the off-line simulation of finishing edges using the Product Life Cycle tool DELMIA®. The process
extracts the feature to generate a part finishing process plan. Collisions with the environment are detected and
avoided through the simulation of cutting the path before the path is downloaded to the actual hardware. Either
the tool or the part is being fixed on the robot’s end effector and simulated with respect to the defined path.
This study presents the complete off-line simulation of the Part in Hand as well as Tool i1 Hand approaches

for the deburring process.
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INTRODUCTION

As the number of robotic applications and
installations continue to grow, the need for effective and
efficient programming techniques
proportionally. In the past, almost all robolic involvement
was through teach-by-show techniques/manual deburring
operations, This unplied that the robot’s paths are
generated either by mounting a dowel pin that matches
the tool’s diameter or by mounting a pomted teaching tool
on the robot. The pin or the teaching tool is moved
manually to a point where they touch a finished part
edges and the software records that point. After repeating
this process along the parl edges, the robot controller
uses the recorded points to define the path. The more
complex the part, the more programming time is required
to achieve an acceptable path (Stouffer and Robert, 1995).

robot ZIOwWs

Off-line simulation: Off-line simulation refers Lo the
technique of running models in a purely stand-alone
format, not connected to any hardware and normally not
run in Real-Time. Off-line simulation and lead-though
programming promise acceleration and streamlining of the
robot programming process (Shiakolas ef al., 1999). They
enable the user to program robot motions in a simulated
“virtual computer environment”.

Tumble deburring operation: Tumble Deburring removes
sharp edges or burrs and smoothes swrfaces of metal
components (resuling f[rom some manufacturing or

casting process). It can be done as a wet or dry process.
A 6-or 8-sided machine with either horizontal or vertical
axis 1s used with abrasive "stones".

The deburring tool could be small and a part with
many small/accurate details 15 hard to be reached via a
CNC machine. A good solution would be to use an
industrial robot (with 6 axis) to perform the deburring
process. Pratt and Whitney has estimated that 12% of
their total machining hours are devoted to manual
deburring and chamfering of parts after they have been
machined (Roberts ef al., 1992).

BASIC CONFIGURATIONS OF DEBURRING
PROCESS PERFORMED BY
INDUSTRIAL ROBOTS

Tool in hand: Tn these applications a compliant tool is
mounted on the robot end effectors and manipulated over
the part to be finished. Tool in Hand configurations are
used where the part to be finished is too large or unwieldy
for a robot to carry. Belt media 15 rather rare in tool m
Hand applications because it is difficult to build compact
tools using belts. Iigure 1 illustrates a tool n hand
configuration.

Part in hand: The work piece is fixed on the robot end
effector while the tool is fixed as an auxiliary device and
the robot manipulate the work piece to be deburred as
result of contact between the work piece and the tool. Part
in hand applications are most often used when the part Lo
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be finished iz relatively amall in size (compating with
deburringf orindingfpolishing toal s size) . Gripper tooling
allors the robot to pick up the pat and manipdate it
againgt the abrasive finishing media (Godwin 1996).
Figire 2 illustrates a patt in hand confl goration

Advantages of the part in hand app rwach:

» Often, robotloadforl oad operations can be coambined
with surface findshing operations on a single work
staticry, i.e, a robot can remove a part from a seria
lite comvveyror, findsh the part and then place the part
in find packaging. D oubling up these oper ati ons can
provide a muach greater return o irvre st ent

v The sutface firishing apparatas, whether it is a belt,
wheel or disk device, can be quite large using longer
belts, large diameter wheels and higher horsepower,
meating that parts can be processed faster with
longer irdervals between media changes

Fig 2:Part it hand confl guration

Disadvantages: Sometimes it is impossible to findsh the
enitive suface of the part. This can be due to interference
with the robot gripper and insdfficient robot dexterity to
teach around the part in different positions.

EXAMPLES OF INDUSTRIAL ROBOTS
USED IN DEBURRING PRO CESSES

Motoman: Figure 3 showrs the Iotomon DE1 350 robot.
Itis frequently used in debnrring industrial application.
Following isthe configuration of the robot.

Nachi: Figure 4 illustrates the MNackd 3C35F robot. The
MNachi S3C35F industrial robotic system is designed for
heawy loads and long strokes, with high positioning
tepedability and speed. The 3C35F iz a lightweight
design allowing for easy installation and transport.
Following isthe corfiguration of thisrobot model.

ABB: The ABE IRE 140 is most commondy used in
surface finishing industries. This robot is a compact and
powerfid f-aves machine with a wndgue combination of

Fig 3: Motoman DE1350N. Motoman DEII350 W Wax
Reach: 1355 mm, Max Payload: 35 kg Weight:
2Tkg, Repeatability: 0.6 mim

Fig 4 Machi 3C35F. Machi 3035 F, Max Reachy 2002 mm,
Ilax Payload: 35 kg, Weight: 400 kg, Repe st ability
0.1 mm
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Fig 5: ABEIRE 140, IRBE 140, Axis 6, Reacl: 210 mm,
Payload: 5 kg Repeatability: 003 mam

Fig & KukaKR 1531 Axis 6, Reach: 1503 mim, Payl oad:
15 kg Weight: 315 kg Repeatability. 01 mm

fast acceleration latge working area atd high payload.
Figure 5 shows the [RB 140, Following iz the
cotfi gurati o of the robot.

Euka: The excusive use of stanless steel on all sufaces,
together with highIP rating, makes the KR 15 3L sutable
for fiel ds of applicati ohs with stringent recitem etits asto
hyrgiene, sterility and abgence of patticles such as in the
food hatdling incastry of medicite as well asthe snface
find dhing industry. Figure 6 illustrates the Kuks KR 15 31
model.

TOOL USED IN DEBURRING FROCESSES

The success of most atomated deburring operati ons
is dependent on the flexibility and consistency of the
deburing tool Problematic burrs, residual moaterial on
patting lines and flashing on die-cast parts must be
removed Systems desigters trpically program the robot
to move its debwrring tool along a path defined by
discrete points, That path, howewer, may not colneide
exactly with the shape o contour of the swface to be
deburred because of wvariations in the part itself or
differetices bebaeen the part edze and the exact path the
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tobot has interpolated. Otherwise, the system designer
has to create thousands of very phorsically close tag
points avtoematically to reduce the error. Figare 7
illustrates the interpolated path defined by off-line
gmulation and actual pathfedge that the robot is
supposed to follow.

Debwrring took with feedback force sensors
[Flexdebury]: Flexdetnyr is a high-speed ar tarbine
deivenn tool for debnrring alumimun, plastic and steel
While spirrdng & high speeds the Hghtweight, rotary
tool has radial compliance supported by ar pressure
applied to the shaft alowing the tod to perform
cotws stently on irregular part patterns, Figwe 8 illustrates,
what ocours when a non-compliant tool is being lineady
interpolated between taaght points on a contowed
surface, The syface comtows in Fig £ are greafly
exaggerated for clarity; howewer, this effect exists in parts
with even a slight contour. As shown, even though path
points are taught perfectly on the swface, as the robot
interpolates between the points, the grinding media
position relative to the part srface varies. On actual parts
with slighter contowrs, the wvarying cortact can be
detected by listerdng for wvaristions in the grindingf
deburting motor speed

The bottom illustration in Figore &8 shows the same
aurface bt using an auxiliary compliant tool. With this
setug, it is possitle to maintain consistent media cortact
with the swface with only a mammosm toamber of taught
poitits. It additi ory, if the pathislines o citoular, it can be
irderpol sbed with a few mam ber of discrete tag points. The
problem always ocows with linear inderpolation between
tags onan iregilar edge of the wotlk plece. Thus, using
compliatit force tool design one does not have to
getierate a latge mamber of points connected by
irderpol aiing lite s pathy bt the tool will correct the error
i teal time Fteps of the process on Delmia V5 will be
clarified later i this study.

Figwe 9 illustrates a deburting tool with feedback
senigor. The debirring tool has a rigid outer housing and
irternal motorfspindle  assembly that prowvides the
cotmpliatice. The prnewmatic motorfspindle assembly iz
mounted on a pivot bearing mowited to the tool housing
This allowrs the prieumatic motor to move with the pivot
bearing independently of the housing The radidl
“compliatice field” iz created by a ring of amall prewmatic
positions located near the front of the tool housing The
cotmpliance force canhe exerted on the spindleftoc] in aney
dit ection (3607 radially from the tool.

Forceforgue sensor: In the other types of deburring
processes, when the robot holds the work piece and the
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Interpolated path

Actual patifedze robot
supposed o Hllowr

{
L

Fig. 7: Tlustration of the interpolated and actual path of
robot supposed to follow

Fig. 8: Tllustration of the compliance on surface contact

Fig. 9: Flexdeburr

tool/grinding belt is fixed as shown in Fig. 10. There
should also be a fixed force/torque sensor between the
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Fig. 10: Tllustration of force/torque sengor in grinding
Process

robot and the work piece to maintain constant contact
force in surface finishing application.

Path profile: Robot motion for both part in hand and
Tool in hand applications involves smooth sweeping
movements. There are three important aspects of the
motion which have to be carefully considered in order to
have a good finish:

¢+ Surface speed
Part/Tool Orientation
Approach Vector

Surface speed: There are four process variables which
most greatly affect the Material Removal Rate (MRR} in
finishing operations. These variables are:

The aggressiveness of the media

The force with which the mediais applied

Rate at which the media is fed (RPM)

Speed at which the media is moved over the part
surface

It should be noted, that all these wvariables can
influence and offset each other when trying to achieve a
particular surface finish while maintaining a degired
process throughout. For example, a more aggressive
media can be used with lighter applied force at lower RPM
go that a higher surface speed can be used to increage
production rates. However, this must be balanced with the
fact that aggressive media does not produce extremely
fine surface finishes. The one rule that should be
remembered regarding surface speed is that the more
aggressively a part being worked on a given pass
(i.e., aggressive media at high force levels with high rpm)
the faster the surface sgpeeds. Thus, it can cause
overheating, the part surface and media.
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Unfotisately, there is no theoretical approach to
determine the optitnal combinstion of the jrocess
variables. Trial and error combined with prior experience
seetn to be the best method to determine these variables.

Partftool orientation: The relative orientation of the part
and tool iz wery importart i achieving a consistent,
urdform suface finish The overall suface appearance is
directly sffected by the consistency of location and shape
of the area where the finishing media corntacts the patt.
This atea iz called the contact patch. The contact path is
“where the rubber hits the road™ Therefore, the sngle
most important path programming consideration is to
maintain constant contact  patch, no matter  what
corfiguraticr is vsed Part in Hand or Tod in Hand and
fio matter what programming method is used In most
firdshing operations, it is usally desirable to have the
firdshing media applied to the part suwface at an angle
vatying from normal to the swface to three of five degrees
off the normal drection depending on the type of media.

Approach vector: [n the approach vector the part comes
first with the firdshing media. This transition point often
igwhere mary srface firdshinginconsistencies are found
inthe final part. The first nule that applies to the approach
vector 15 to approach gradually, If one looks o how a
petson findshes parts, one would find that person’s
movements ate characterized by sweeping motions with
gradual controlled setting down atd lifting of the media.
Theze gradual and controlled moticns setve to “feathet™
the fitish at the edges.

Aoctwe tools with closedloop cordrol, have the
utdejue akility to elitminate these undesirable effects by
giving robots a more bown an touch (B daein, 200070, These
tools ate able to atomatically compensate for stiction and
inertia effects in the same way as hnwnan operators
atticipate these effects.

Tool example: Figare 11 illustrates an active tool, with
cloged- loop control. The filingtool 3WWINGFILE 2000 15
well suited to retmove burrs particularly i narrow slots
atd grooves. It can be employed for metallic as well as
roren etallic parts. [tis also well suited for the deflashing
of alwminium die casting, It can be emploved with any
otientation. The file tip iz compliable in two ditections.
The pressure agaitst the part edze can be zet from the
robot pr ograth .

The filing tool can be m ourted stati onary either onto
a tool stand or onto the robot arme If these tools have to
ke changed atommatically, a tool changer iz available,
Comin ercial filing insertion can be used The air motor
fieeds oiled compressed air for optimal life.
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Fig 11: Active contral todl (BWINGFILE 200070

Drewing the part
TR | [— -
m mIGH sl paxt o e Iy %ﬂ
Deimiaf axtmnalon to
CATIA CATIA pact mnd
Gatiing the
tood b soening the crvirrrrent ﬂ;ﬂﬂi‘lﬁ.
puort iy, I mewrreer
Tty The ‘Tenching
et fhe bt Comvatny | | iieal
1 i o e work
2 foketimty || RS | e sy
3. Dixtamoe delmpring o tn Tad
criatution e D‘ﬁﬂ""m
ningriarty oWy 5
l snd speed oo
Experting progrars in
The i) rabnt
oanimllor

Fig 12: Hierarchical Wlock diagram of deburting process
AaDELMIAVIRLT

STEPSTERMINOL OGY FOR DEBURRING
[TOOL INHAND/PART I HAND]
VIA DELMIAVSRI17

Figwre 12 fllustrates the block diagram of a complete
procechye for detmrring (Toal in HandPart i Haned) wia
DELMIA VS RLT.

STEPSFOR TOOL IN HAND
APPROACH USING DELMIA YSR17
v Inserting the all componerts of the processinDevice
task definition



J Eng Applied 51, 3 (11): 835-847, 2008

v Attachingthe tool tothe robot

v Adjusting the positions of every compotiert
v Adding new task to the robot program

v Aagomatic generating tag poirts

o Simodating for testing the scenati offr ocess
v Adiusting andinterpolatingthe tag points

Figure 13 illustrates a snapshot of the robot, tool and
part in the DELMIA errvir onment.

Procedure in d etails
Inserting all comp onents of the process in device task
definition: Figure 14 illustrates how to start with device
alding in DELLIA.

»  File-open “hasesclidigs”
» Bave ashasesolid cat part
v SBtart Resource-Device Building

Figure 15 illustrates procedure to generate a CATIA
product.

»  Right click on the FPPRE Tree on Application—
Existing component—+Choose  the Part  name
“hasesolid.cat part™

v Save it as basesclid cat product

v Start-resource-device task definition

Figure 16 illustrates the start v window of device
tagk defirtion

v Insert product &
»  Choose partname and tool name
»  Insertresmurce Al

Fath: CA\Program Files\DessaultSystem B 17 Wntel
atstartuptR obotli W SDEVI-CES

Attaching the tool to the rwhot:

v Helect Attach the tool icon 'Sd from rohoat
m atiagesn ert toolbar.

& Fohot Dressop window appeatrs on the screen as
depicted in Fig 17.

*  Choose the robot first

»  Choose the tool second

» Change the snap referenice to Base 1

v Change Tool Centre Poird (TCP) to Tool 1

Robwt: Tonl
Stathl ATT(R150 Port
(FHO0E.1) HIAC-3159)

Fig 13: Nlustration of robot, tool and part in a DELMIA
ErIvirOtn etit
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Fig 14 Bnapshot of device window of buidding

Fig 15 Bereenshot CATLA prochct
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Fig 16: Snapshet of start up device task definition in

DELMIA

Fig 17: Bnapshots of robot and tool with dress up

window in DELMIA

A djusting the positions of every component:

Align Side (optional procedure) 25
Choose the down side of the part (as master)
Choose the down side of the robot (slave)

The robot base will be in same plane with asthe base

as shown in Fig. 18,

A dding new task tothe robot program:

Addnew task to the robot’s program .

Figure 19 illustrates the selection of a new robot task

from TaskList under the PPR tree

Choose the robot

Automatic generating tag p oints:

Click Create follows Path activity (&

Choose RobotTask. 1 from the PPR tree

Choose the edges/curves you want to generate tag
points autornatically

Choose the part as product narmne

Press Finish

841

Fig. 18: Illustration of alignment of part and robot in
device building

-’I*.‘-E Device Parts
-‘I"-‘ Controller
’Ll%l Mounted Devices

" Default_9150-HIAC-

g *I?l Program
'*I% TaskList

" RobotTask.1

Fig. 19: Illustration of robot task selection under PFR tree

Figure 20 illustrates the selection of follow path
activity on the part. User can change chord length and
can increase or decrease the number of tags generated on
the edges.

Interpolate Tags after changing the orientation:

=  (Click Robot Teach, B then choose rebot

= Choose task “follow path activity™

= Double Click on the follow path activity or click
modify

Figure 21 shows the robot teach window, Users are
able to rmodify the tag points orientation as per
requirement.

Adjusting and interpolating the tag points:

= Choose modify from the new window “Teach
Continueus Path”, as shown in Fig. 22. In the small
window at the right choose first node then adjust the
comnpass/coordinate tool orientation
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Fig 20: Snapshots windows for the selection of follow Fig 23: Ilustration of interpolated path after modification
path activity under robot task

‘ﬁ%“‘%@\ﬁ

Fig 24 Bnapshot of sundati on windos for a predefined

rohit task
o - ni *ﬁ::mbr-ai—m
|:.T- -"--"':HH_F.: I'--.--:\.‘-.-'_.‘.- = 1
. = = il TElnaisy

-
e
- Bi=ed

Fig 25 Bnapshots of Teach and Jog configuration
windowar s for robot {oirt configr ation

Fig 22: Bnapshots of Teach Contirnions Path windoar

v Click zet. Repeat same procedhre for the end node.

v PressOK Check for Clash detection by B8l
v After interpolation The user can find the desired _ o _ _
interpolated path as shownin Fig 23 v Change the “Sitgd aThat of Limit Configue stion™ To

C onfigu ation (G ood Mo Singd ar).
Simulating for testing the scenarioprocess: Figure 24
illustrates simllation of the robot task: It is also possible Figwe 25 illustrates teach and jog configoration
to check for dash detection during simulation witidowes for the robot orientation in DELITA.

a4
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v Click the “jog” Checkbox as shown below and
choose Cartesian card
* Change the corfiguration to “75 ood”

Change the position of the tool if the vser doesn’t find
atyy copfl guration *Good”

STEPSFOR PART IN HAND APPROACH
USING DELMIA VSR17

v Inserting &l the components of the processinDevice
tagk definition

v Adiusting the positions of every component

v Attaching the tool to the robot

o Adding new task to the robot program

» Generating sutomatic tag points

v Adiusting andinterpolating the tag points

v Bimdating for testing the scenari o ocess

Figire 26 illustrates somme part in hand corfigaration
soreen shots in DELIVIA W5 RIT.

Procedures in d etails

Inserting all the comp onentsofthe processindevice task

defimition:

v Gotofileopenhasesolidigs”

v Save thispart as basesolid cat part

v Click on Statt-Fesoy ce-Device Bulding as shown in
Fig. 27

»  Right click on the PPRE Tree on Application—
Exising component—+Choose the Part name
“hasesclid cat part”™ as shown in Fig 28

v Bave it as basesclid cat Product

v Start-Resource-Device Task Definition

«  Insert Product %

» Choose partname and tool name

v InsertBesource *_5.]

Adjusting the positions of every component:
*  Choose the last part of the robot as parent
*  Choose the product/part as a child

» Pressok

Figure 29 illustrates the parent child relationship
betwreenn robot and part.

» Snap Resowee: Attach the patt to the end of the
robot BT

» Choose the part first

v Chooseicot “Define origin at point of center of face™
to set up the coordinate as depicted inFig 30a.

Durt Tool ATT (9150 Rt
HLAC-Z 109y ER200L1232.1

Fig 26: Bereenshots of part in hand confi guration mode
in DELMLA
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Fig 2T: Bereenshiots for start for up of device tailding

Fig 2%: Bereenshots CATIA product
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Fig. 29: Soreenshot of the
between part and robot

parent-child relationship

Fig. 30: Procedures for snapping the part at the end
effector of the robot

Choose the last tip of the robot [not whole robot
body] as shown in Fig. 30b

Chooseicon “Define origin at point or center of face”
to set up the coordinate again

Chscok that the coordinates coincide as shown in
Fig. 30c

Jave the initial State B

Attaching the tool to the robot:
«  Attach the tool as fixed &l

Figure 31 illustrates soreenshots of the dress up
window.

Hdding new task to the robot program:
+  Add New Robot Task =0

Figure 32 illustrates the robot task under TaskList on
FPE tree.

*» Change the mode for the part from “Visualization
Mode” to“Design hMode”

844

Fig. 31: Soreenshots of the dress up window for the Part
in Hand configuration

| ResourcesList

KRZ200L120-2.1
* | Device Parts

L‘@ Controller

: “‘—El Tool Profile(s)
’—-'L’ Motion Profile(s)
“—El Accuracy Profile(s)
"] Object Profile(s)
"—El Mounted Devices

L

Program

'1: Tacskl ist
=

RobotTask.1

Fig. 32: Soreenshots of robot task on PER tree

(a)

)]

Fig. 33: Soreenshots  for the mode from

Visualization to Design

changing

Figurs 33 shows the steps of mods
Wisualization to Design.

change from

Right slick on Productl {Produst 1.1 in PPR tree as
shown in Fig. 33b

From Product1.obj click Edit

Then FRight click on Base.1l (basesolid CATpart)-
Representation-Diesign Mods

Find the final shape of the tree/branch of the part in
“Design Mode™ as shown in Fig. 34,
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% ProductList
= f‘ Productl (Productl.1)

Mode

M EASE (BASE.1D

TH BASE

=E PartBody
— B Geometrica

L =

Fig. 35: Screenshots of process under PPR tree
»  Retum to the “Device Task Definition” Environment
Double Click on Process m PPR tree as shown n
Fig. 35.

Generating automatic tag points:

Click Create follow Path activity &8

Choose the task from PPR tree under program as
is illustrated in Fig. 36

Choose the Task from the PPR to add follow path
activity to

Choose the edge of part to create the path

Choose any edge for follow path activity as
shown in Fig. 37.

Generate new task from follow path activity

Right click on Follow Path Activity

Follow Path Aclivity.obj-choose Create New
Robot Task as shown in Fig. 38

Make Parent/child relation between the Tag Group
and the part

Choose the part as parent

Then choose the tag group from PRR tree as
child

= Program
TaskList
-7 IRobotTask.1
RobotTask.2
=i+ RoboltTask.3
=" Taglist (TagList.1)
I FollowPathTagGroup.2

4

£,
~ g
B

ollowPathTagGroupl .2

g botTask |
L FollowPathActiv

B Dt i [

S ] ol

Fig. 37: Screenshots of follow path activity window and
its branch under PPR tree

RobotTask.1

I FolloviPathActivity.1

Fig. 38: Screenshots of creation of new robot task from
follow path activity

Adjusting and interpolating the tag points:

Adjust the tag coordinate whether by Tag
Transformation or teach a device as per sereenshots
shown in I1g. 39

In case of discontinuous
operation as shown in Fig. 40
Right click choose motion-Linear

Interpolate the path &

Choose the Tag Group

Interpolation of the lag points of predefined path
Select all tag points and click interpolate as
shown in Fig. 41

motion-choose all
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Fig. 39: Screenshotz of Tag Transzformation and Teach

Robot Device
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Fig. 40: Screenshots for gelection of all tags in linear
motion for predefined activity

Ty tradvie | aagnis

TR
T

Fig. 41: Sereenshotz windows for interpolation of tag
points

«  Add one/two pointz for pure contact between part

and the tool

Simulating for testing the scenario/process # : Check
the whole tazk/scenario with Teach Window or With
Robot Tazk zimulation ag shown below in Fig. 42.

*  Uszer can alzo check for Clazh detection by clicking
the clash detection icon '@]

Uszer tmight change the “Singular/Out of Limit
Configuration™ to  “Configuration Good/non
Singular”.
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Fig. 42: Simulation toolbar
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Fig. 43: Screenzhots of Teach and Jog configuration
window for robot jointz configuration

Click “jog” Checkbox az shown below in Fig. 43
and choogze Cartegian card

Change the configuration to “Good” az shown
in Fig. 43.

Change the pozition of the tool if don’t find any
configuration ‘Good’.

Uszer might change the zingularity®tolerance if the
4th  joint ig from 1-10 and the caze indicates that
current configuration iz singular

Singularity: DELMIA az a goftware package iz interezted
in orientation gingularity when the 4th joint and 6th joint
are ofl the zame axiz thiz iz because the 5th joint (The
middle joint between them) iz at zero digtant. It results in
a logz of 17 of freedom, az the rezult of totion whether by
the 4th ot 6th joint iz the game.

CONCLUSION

DELMIA® enableg the offline simulation of tool as
well ag part in hand debutring approaches in the virtual
environment cell.  Auvtomated deburring proceszzes
eliminate health and zafety izsues azzociated with hand
held tools. The process iz convenient for complex patt
finishing where it iz very hardto reach by conventional
machines. Robotics integration provides great flexibility
and reliability for the finithing process, because robots
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allow for more degrees of freedom than other machines.
The process has been successfully implemented in
several industries.

Future research: Future research will address surface
finishing on the part and generation of the patterns of the
points on the surface using micros within DELMIA®.
Anticipated work includes establishing prototypes of
deburring cells which integrates with DELMIA® in any
surface finishing application.
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