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Numerical chain models
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La programmation basée entites

[ Current numerical chain }

CAD/CAM
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» Elementary actions 1E
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Pocket 1
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#1=WORKPIECE(" #9,0.01,...);
#5=MATERIAL(TICN',' TiCN',()):
#101=GENERAL_OUTSIDE_PROFILE
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* High level information
» Entity description

* Object oriented

» Generic

STEP-NC standard : AP238, ISO 14649
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Research at IRCCyN
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Agenda

STEP-NC: standard development

— Integration of new toolpaths generation strategy
—  Development of machine tool functional model

» Presentation of the eXtended Manufacturing
Integrated System XMIS

- Presentation
— eXtended CAD and eXtended CNC

» Integration of multi-process context

— Ina STEP-NC Workplan
—  Simulation spaces concept e

. FRANCE A
— lllustration of the concept S

» Application on industrial means

—  SPAIM : STEP-NC Platform for Advanced and Intelligent
Manufacturing

— Application in SPAIM
—  Test parts

e
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STEP-NC : A new vision of numerical chain

No information
lost

Implementation of a
single file

Bidirectional
data flow

* End of post-processors

dl]

 Machine tool independent adaptation
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Situation of the study in STEP-NC development
’_—
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Contribution to standard development

Enrichment of strategies proposed in STEP-NC :

L e Contour Contour -
Unidirectional Bidirectional . Center milling
parallel spiral
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Pattern strategies : PATTERN + GUIDE CURVE

Exemples of strategies built on pattern curves: - Plunge milling, Trochoidal milling, etc
Trochoidal milling :

Trochoidal 777, Wﬁ\\
Feed i /:"~' 2 ' N ]

dire ction




Proposition to integer pattern strategies in Step_NC standard

Integration of new strategies using strategies already implemented:

(ABS) TwoSD_milling_strategy

o} o 3 o H O
Contour_parallel | ¢Contour_spiral

(@)

@ N

Contour_bidirectional| d Bidirectional Patterned Strategy

15, 157 _ret"direction .
— v DN\ Attribute 1

()

. / (27, 87, gth_measure>
5,150, cutmode_type)i Guide_curve Attribute 2 N\
) ( Pattern (27, 87, length measure>

T meymenoromen ssgernsp NG



[ Trochoidal milling ]

STEP-NC file generated by PosSFP

FTROCHOIDAL (D.5,.T.,.CONTOUR_PARALLEL.,.CW.,.LEFT.,.CLIMB.,25,5);

#S04=FLAT_HOLE_BOTTOM{); e Save As...

#S05=FLAT_HOLE_BOTTOM{);

#S06=FLAT_HOLE_BOTTOM{);

#507=FLAT_HOLE_BOTTOM{); p ’ | . I I R
#S08=FLAT_HOLE_BOTTOM{); Close

#S09=FLAT_HOLE_BOTTOM{); _I P u nge m I I ng

#310=FLAT_HOLE_BOTTOM();

#SLL=FLAT_HOLE_BOTTOMO); }F‘LUNGE_MILLIHG(EI.S, .T.,.CONTOJR_PARALLEL.,.C\W.,.LEFT.,.CLIMB.,1,2,4,5,1

#650=LINEAR_PATH(E, #3000, #2009);
#700=PROJECT(", #701, (#10,5,5.5);
#701=WORKPLAN(", (#8000,§, #0,8);

#B00=MACHINING_WORKINGSTEP{",§, #100, #900,£); I
#000=PLANE_ROUGH_MILLING(,$, 'Plane Roughing planar_face',12,%, #1000, #14C
#1000=MILLING_CUTTING_TOOL(", #1100, (#13003,12,§,60);
#1100=ENDMILL(#1200,2, RIGHT . $.53;
#1200=TOOL_DIMENSION(3.000000,%,%,3.5.5.);
#1300=CUTTING_COMPONENT (0.000000, #5,%,$,53;
#1400=MILLING_TECHNOLOGY (250, TCP.,$,500,%,.T.,.T.,. T &)
#1500=PILLING_MACHINE_FUNCTIONS{, T i3 3
#1600=TROCHOIDAL{D.S, T., CONTOUR_PA
#1700=PLUNGE_RAMP($,0);

#1701 =PLUNGE_RAMP($,0);
#2000=CARTESIAN_POINT (", (0.000000,0.000000,0,.000000});
#2001=DIRECTICONC(", (0.000000,0,000000,1,000000%);

< ’

Proposed syntax for pattern strategies in STEP-NC file :

'=STRATEGY(overlap,allow_multiple_passes,#guide curve,strategy parame

".‘_____




Validation of proposition : interpreter implemented wi

( N ) ( )
PosSFP N
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Step_NC file Selection of machining
: parameters and strategies
CAD model
S J
L pattern strategy : trochoidal
S — J
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2 visualisation ‘
( Generate toolpath )—> 5
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: Pattern strategies
* Interest of pattern strategies

» Generation simplicity

* Few attributes needed to generate a complete toolpath

» Easy portability

« Compatibility with Step NC standard and high level programming
* Enrichment of Step_NC possibilities

Step_NC

 Creation of an interpreted Step_NC numerical chain
* First Step through advanced programming

* possibility to work with Step_NC on conventional means

_



Machine tool functionnal model
’—'——

spécificités des PKM

Mapping
|
Spécification du — , N , LT \ , Protocole
besoin :D Definition de 'AAM ) Définition de 'ARM ——=)Définition de I'AIM :D d'application
ISO 14649 ISO 10303 AP238
Simulation/ | Cas 1 : Simulation UGV Al;pl_l;c_:ai:ion
0ptimisation CaS 2 5 MethOde ICAM Ctiv y
Cas Cas 3 : Génération trajectoires Model (AAM)
d'utilisation R
o égration au

PKM Cas 4 : Prise en compte des MTFM (EXPRESS-G)
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Machine tool functional-requirement model

Use cases proposed :
HSM simulation :  ICAM approach : Toolpaths generation PKM MT :

. 3d Visualisation duringj
Tool trajectory <F B o
- cutting time
- cutting forces

- tool flexion
- real feed rate
Properties
- Machines

-NC
-Tools

- tracking error

- part accuracy
Exportation at the -
end of the simulationJ

Without the modelisation Y
of the machine

Ve N
\ wa T ~§ i ﬁ‘\ &
\\E\\}k ith the modelisation

of the machine

Possibles results:

- Kinematics model, velocities, accelerations, deceleration, jerk

- geometric model (geometrical transformation errors for PKM for example)
- Controller properties (look ahead, computation capacities, etc.)

- (Tool properties for cutting tool forces estimation and deflection)

2




Machine tool functional-requirement model

Use cases proposed :
HSM simulation :  |CAM approach : Toolpaths generation : PKM MT :

ERRORS

CNCI

Theorethical
programming
parameters

CAO —»| FAO |—TRP

CAD Model

@

Optimized
programming

parameters
@ Opp

|
|
|
|
|
I
|
: Usinage
|
|
|
|
|
|

Machined Part

Process Data

Evaluation ‘_|_

(tool loads, probing,

Programmlng _ real feedrate, ...) I
parameters optimization |
|

[ Aoy | =

- Geometric model (MGI and resolution algorithms for PKM)
- Servomotor characteristics (max power, currents, etc )

- Process data available online in the controller

- NC controller computation power, memory, time sampling
- Sensors equipment

- Measurement characteristics and capability

-




Machine tool functional-requirement model

’-—
Use cases proposed :

HSM simulation :  ICAM approach : Toolpaths generation : PKM MT :

PPPPPP

\ Results

Guide Curve

Guide Curve

Pattern

- Dynamic possibilities, velocities, accelerations, deceleration, jerk
- Rigidity, deformations
- NC controller computation power, memory, time sampling

-




Machine tool functional-requirement model

Use cases proposed :
HSM simulation :  ICAM approach : Toolpaths generation : PKM MT :

Spindle 24 000 tr/ min

Power 40 000 Watts
Axis velocity 50 m/min
Acceleration 156

- Geometric model, MGI and resolution algorithms

- Singular points

- Calibration

- Deformations

- Workspace (dynamic behaviour sometimes depending of the
situation of the tool in workspace)

—




NC_controller

units i .
QO units_type
1
toolpath_accuracy_compensation
path y_comp Boolean
number_of_simultanious_axis
Count_measure
number_of_controller_axis
Count_measure
cutting_feed_rate_override
— Boolean
rapid_traverse_override
Boolean
program_length
Length_measure
minimum_linear_increment
= = Length_measure
maximum_linear_increment
Length_measure
controller_model .
= String
controller_manufacturer .
= O String
cycle_functions S [1:? .
e E O String

interpolation_functions S [1:?]

tool_compensation_functions S [1:7]

() Tool_compensation

axis_name

displacement_error

String

repeatability_error

Length_measure(*)

maximum_cutting_feed_rate

Length_measure(*)

minimum_cutting_feed_rate

Speed_measure

(ABS) Axis

rapid_traverse_feed_rate

Speed_measure

axis_driving_rating

Speed_measure

Real

maximum_acceleration

minimum_acceleration

Accel_measure

maximum_jerk

Accel_measure

Jerk_measure

time_sampling

clock_frequency

look_ahead

Time_measure

Count_measure

Real

Exemple d'intégration des données necessaires au

J

MTFM suite aux cas d'usages proposés
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» Intégration de nos propositions
» Travaux en cours de procédure au niveau normatif
» Disponibilité d’'un MTFM complet au format STEP-NC (CN étendue...)

Verrous technologiques et idéologiques a la mise en ceuvre de STEP-NC :

» Travaux d’intégration et de mise en ceuvre de STEP-NC faibles sur
des moyens industriel

» Propositions restreintes a notre vision traditionnelle de la chaine
numérique descendante

» Manque systeme complet de fabrication intégrant STEP-NC

» Exploration plus fine de la notion de CN étendue

» Intégration des possibilité nouvelles dans un contexte multi-process
» Application et démonstrations sur des moyens industriels

-




Manufacturing System

Quality &
Validations
Manufacturing Manufacturing

Engineering - Production
\ Production
Project Unit

Product N Sales &
engineering 4 Distribution
Planning
Unit (PU)
Process
Diagnosis
Unit (PDU) .

. : Maintenance
Sourcing Manufgqurlng & Repair
Facilities

Process
Analysis
Process Unit (PAV)
Control
Requirements Unit (PCU) Disposal &
& Planning Recycling
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CAD model
STEP

Generic and Specific STEP-NC Data

Production requierements

STEP Standards (10303)

STEP-NC Standards (1ISO14649, AP238)

[ Manufacturing Knowledge

VVVi

Manufacturing

STEP-NC
Generic

Facilities

v

~N

Yvey

Process Analysis

STEP-NC
Specific

A2.

}

Lg : .
Generic Planning
Al
A A A ?
Planning Unit
| Operator
Inter-process simulation tools

Production Project Unit

Process Planning simulation tools

T MTFM

Process Analysis Unit

Process simulation tools




Overview of manufacturing data exchange in XMIS

< ED-NC . Project
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eXtended enterprise XMIS
’—'——




Application of XMIS : eXtended CNC & exXtended CAD

L Process J
Design . Product Design Planning
g Production L sl 1 ran— Product
A1 '
A0
T XCAD A2
XMIS XCNC
Feed-back
to design ¢
Node:O0 | Title: XMIS | No.:1 Node:1 | Title: XCAD & XCNC | No.:2

-



exXtended CNC

CPLM System) ---- Functional models
, ~~ Knowledge base
) Data warehouse

Process Planning -~
department
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» XMIS : modularité, Interopérabilité, Visibilité des données,
Intégration numérique de I'ensemble des données de fab, longévite
et intégrité des données, ouverture a I'e-manufacturing

» [ntégration complete de la CN dans la chaine numerique avec la CN
étendue

» Adaptation de la CN étendue aux besoins de I’entreprise

( )

@ Domaine Automobile ® Domaine Aéronautique W PME mécaniciennes

A : Echange des
données de fabrication

A A
D_: Autono_mie A A it B : Optimisation/ p . .~ = B D B ——
pied machine adaptation en ligne <V

C C

C : Simulation hors ligne

(. J

» Intégration du contexte multiprocess...

-




Multi-process approach

Context :
- No data exchange possible between manufacturing processes in the current numerical chain

- No link allowed between manufacturing processes

- 1SO 14649 Parts 11 (Milling), 12 (Turning),

13 (Wire EDM), 14 (Sink EDM), 17 (AM) (Experts Choice )
¥
-Multi-process machine tools and environment | { i) Machining Entities 11 1| ]
. . ] AM e Chsn e=="B Fov e )
Objectives : | | i
- Build a multi-process STEP-NC data w | % | % o
: ; ; . =
- Rely on a unique data exchange standard for JPost FeEL P -
. rocess Process Process -91
different processes G-code G-codd G-code || &
(92}
- Integrate a supervision numerical chain with 2
adapted tools
- Integrate Simulation and Optimization new AM EXDG”@@HSMSPGHMEDM Sqe
pOSSIbI|ItIeS o] standard for manufacturlng data exchange
. - g J \ J J
- Envisage evolutions Current manufacturlng numerical chains

e —

STEP-NC: a new approach




Machine functional

Multi-process STEP-NC file

Milling

Machine tool 1
(SKM)

Data base

model

Experience
capitalizatio

....................

Leiliveid

» Simulations

ceee

Turning
Process

Machine tool 2 )
WY (PKM)
4—)( Machine tool n } -':

Turning

Machine tool 1

A A A

Machine tooln k.-

Machine tool 2 }

Additive

Manufacturing




Donnees STEP-NC multi-process
’—'——

geometry Workpiece Workplan_multi-process
.~ | Process |®— Manufacturing_workingstep
geometry
|
I ° ° J ° i i
Machining feature _| Machining feature Machining feature Machining feature
milling additive manufatcuring turning combined

I I
¢ & e . . . ‘. .
‘ pockeﬂ‘ plane ‘ ’Tegion ‘ ‘conform canal‘ support ‘outer diam ‘murl ‘@roove‘

]
Mill i Additive manufacturing Turning Combined machining
¢ 1ing operation operation operation operation

| ”
I 11

‘sequencedH AM contour milling Hrecharging‘

geometry Toolpaths - geometry
e 1 1 _l
. .

‘ cutter location traj H parametrised path ‘ ‘ mixed paths‘ ‘ cutter location traj Hparametrised path‘

-

‘planemillingH drilling ‘




Simulation spaces concept

- Increasing complexity of scenarios

- Need simulation tools but also methodologies
and approaches to treat the problems

Multi-process
environnement

Simulation space
«Multi-process
' Hole 3]

Simulation space
« Inter-process »

Simulation space
« Process »

Definition of three simulation spaces :

Process simulation space :

- One selected process

- Process data & machining parameters simulation

- Online/offline (TPG, adaptation, monitoring)

- Ex: ICAM, HSM simulator, TP simulator, tools choice

Multi-process Planning simulation space :

- From CAD to manufacturing features and process plan
- Feature extraction associated with process

- Management of the workplan, operation scheduling

Inter-process simulation space :

- Relations — rules — interactions between processes
- Missing link between Empp and Ep

- Have now a common data exchange standard support
(not only relies on experts choices or feelings)

-



Simulation spaces concept

Milling complexity AM complexity
simulation simulation
— _
e —
Additive

CAD model Manufacturing

[Kerbrat 09] ) Milling
N A




Multi-process
environnement

Simulation space
«Multi-process

- '7

Planning»

Entity geometry

Machining
" conditions

Simulation space
« Inter-process »




Conclusion for multi-process manufacturing
’——
» Opening the way of multi-process integrated manufacturing

* New possibilities with STEP-NC feature-based programming
* Intelligence at the eXtended CNC level
 Development of new tools and models well adapted to STEP-NC standard

e Integration of simulation and optimization tools based on already existing experience at
IRCCyN (HSM simulator, ICAM method, etc.)

o Lack of studies on inter-process interactions and simulations
 Gathering multi-process data on a unique standard

« More intelligence, interoperability, flexibility and transportability with a STEP-NC
eXtended CNC

o STEP-NC platform on current industrial machine tools

-




Application with a STEP-NC compliant NC controller

3 =
i = ,’
b-.: Y e E

|

SPAIM integrated CNC for
Addi}ive Manufacturing

SPAIM integrated CNC
for milling




SPAIM application of the extended CNC Concept

User

1ISO 14649
specifications

MT requirement

RSN

e

Select
machine tool

functional model |

SPAIM for milling applications

A2
. Entity geometry Validate
STEP-NC
file Anal%%efﬁ;—EP- Machining parameter\s A3
Machining Strategy
Al ‘ - G
— enerate Tool |
—————»  Paths(TP) , Feed:batk \
) — HMI ‘
d Ad *‘ Adapt machining ‘
' parameters and toolpaths |
o, ( during machining ‘ ICAM
Optimize \ AB approach
b machining . Sensors — CNC feedba
) parameters i/
Probing strategy and parameters N }/ :
\ Ab Conform
: - Inspection - art
} Machine part Mfm i \ﬁ\
Simulate TP - . 4
B Avoid collision A;/ All
AB P .
TP Implement STEP-NC fil Experience capitalisation
g and TP database >
i Simulation — »
\ ) A10
Feed back )
Generate -
Simulate
Inspection-
——» measure paths
A7




SPAIM Human/Machine Interface

_. {E PO_ECN
— Eﬁ Op1-Eb plan <

DCKET_#102 |  OpI-PLANE_ROUGH_MILLING |  BULLNOSE_ENOMILL | 7

¥..STepNC [PO_ECN_Ang0]

|kll

:PLUNGE_RAMP
PLUMGE_RAMP
BIDIRECTIONAL

CLOSED_POCKET_#102 Op1-PLANE_ROUGH_MILLING | BULLNOSE_ENDMILL v

SPAIM platform




Architecture of SPAIM platform

P

Human/Machine
Interface

A A

STEP-NC file selection

Execution

3D Visualization

Master Module
(Delphi)

— . — . — .

TMaster
. /| Execution
Communication

(Modifications
Entity geometry Processing]
Milling strategy
Tool diameter
\I\/Iachmmg param. )
B ) S 840D
STEP- W Control mode PC
NC file !
T
C o 840D
Hard H / Machining mode CNC
drive e OSSO SR SO
J

Module
(Delphi)

Slave
Read STEP-NC file
Execute appli.

IRCCyN STEP-NC Platform for Advanced and Intelligent Manufacturing )

''''''''''''''' Simulation Module
Execution Geometry, Tool paths

Machining parameters

Visualization of
STEP-NC
parameters

Geom.

|
Mach.
Param.

CAD

~ |
Reconstruction |
Module

Pattern tool paths
generation

[c

ommon tool paths
generation

J

Tool paths
Generation Module

External PC

SPAIM platform

moarP




Extension of possibilities : exemple of fish head part

STepNC [Poche_simple]

. +'I-: % - U"ill"iIE_R
i . WO

=-"%# FISH HEAD
@ Op0- : DELCAM CROIX
Op1- <H#900> ‘PLANE_ROUGH_MILLING
Op2 <#901> ‘ROUGH_POCKET_1_MILLING
Op3 <#902> :ROUGH_POCKET_2 MILLING
Opd <#90% ‘ROUGH_POCKET_3 MILLING
pS5- - DELCAM INT FINISHING
Opb <#904> :ROUGH_EXT_MILLING
Op7 <#3905> : DELCAM EXT FINISHING
} Pigce :POCHE_SIMPLE
#_ Echelle_#{mm) :1000.0000
| GENERAL_OUTSIDE_PROFILE_#101
PLANAR_FACE_#100
CLOSED_POCKET_1_#102
CLOSED_POCKET_2 #1103
CLOSED_POCKET_3 #104
CLOSED_POCKET_4_H#105

OO0 Q 000 Q00000000

CLOSED_POCKET_#102 Opl-PLANE_ROUGH_MILLING




Extension of the possibilities . exemple of fish head part

STEP-NC
programming

"

Traditionnal
programming

‘ 1 — Bead upper face milling J ‘ 3 — Part interior finishing J
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Use of simulation tools in SPAIM XCNC

#+ Machining Simulator - sans nom

File Control Setting Yiew Info O Analysis Help

& | Jw o [n[0] »| &

| B2 8[S[R|[c nc|[n][rm m|m|[w | ol

B! Job File : ESSAIPQISSON| -> ebP3.mpf

Moving Direction
O Dowrivard
Upha/ard

Verticallp
Horizontal

Process Info Unit Infa Stk Info
CURRENT NBMT Coolant &+ mm " inch Width() [ 200 000
w | w0800 [ des0a | oon oot Tool Info Length(y | 100000
v | 0 33201 Mo (Type) | 1(Bul) || Heightgzy | 0000
Spindle . )
Material Hss || histerial 40ChDE
2| 12T | 00 oy cow Reference point
F [ 1000000 £ off Length 100.000
- Diameter 10.000
Ready

Cutting Process Analysis Option
¥ Tool Engagemernt

v Cutting Force

¥ Tool Deflection

¥ Fieal feed rate

M. Spec.

Cutting Force [M]
Average  Min tdax

%[ 39.26[ 1365 | 2855
v | 2460 | 431 | 297
Z 773 129 n9a

Tool Deflection [mm]
Average  Min bdax

# 030 145 22
y| -1480| -363| 000

Actual Cutting Condition

Depthof Cut [ gz ~ 12.23
wiidth of Cut [433 ~ 500

Generic
STEP-NC data

Toolpaths
generation

>

SPAIM XCNC

Execution

—

TP

(5] —

l

Entity
geometry /| —————
tolerances
N Analyse
STEP-NC »
G
A
f&n:;:latlﬁn_/helpf Strategy and
or the ch_t)lce Y parameters
machine simulation

Real feedrate
Simulation

Tool deflection

Simulation

5




Pocket 1 milling ]

[ Pocket 3 milling




Modifications on SPAIM HMI

Manufacturing attributes

Rough milling #1 rgodifications in the eXtended CNC} Rough milling #2

- |

Pocket 2

Strategy #2 [EELEE :




Finishing operations
—




The numerical chain with SPAIM

Pré’;’?ass CAM CAD Model A unique STEP-NC file can be
228 s ARt 5 o treated on several different machine
g . > tools
v < CAD
reconstruction ;
: ” module = = -
oosSEP " GAD software Easy software implementation on the
STEP-NC | NC controller
File ' CNC-platform- Machine tool 1

#2126=TRIMMED_CLRVE(", #2125, (#211! |
#2127 =COMPOSITE_CURVE_SEGMENT (.C

('@
V2129=01REE 10N(”, (0,000000,0,000000 ‘ -
0‘2 SD=OJREC TION(™, (1. U]DJEEUDIIEOD

CNC-Platform- «——> cz z=cim #2131
Machine tool ...

Intelligence transfer to CNC

34));
#2136 =COMPO‘“! E_CLRVE. EG\’EN C

#2137 =CARTESIAN_POINT (", (0.070000,0
#2138=DIRECTION™.(0.000000.0.000000

CNC-platform- | Modification
Machine tool 2 |

Feed-back from CNC to CAD/ CAM

E =L Shop floor modifications enabled for
S I geometry and machining parameters
\ o g .
N T (ex: machining strategies)
zations
C
N - New pOSSIbIlI’[IeS for simulation and
optimization in the CNC
L STEP-NC platform

Machining

-



Integration du contexte multi-process

Milling Turning Incremental Rapid

- ; Sheet Forming Manufacturing
J‘ i , ol
STEP-NC STEP-NC STEP-NC STEP-NC
Machinin Turnin Incremental Rapid
9 9 Sheet Forming Manufacturing

CAD Model STEP NC Multi-Process Manufacturing Supervision PIatforrr> Manufactured part}

AN /

PKM

wh

-



Implementation of simulation in SPAIMcnc

3 steps method :

1st Step :

- Multi-process manufacturing platform I

- Multi-process Workplan enabled

- SPAIM implemented on different processes
(Milling, RM, Turning)

Turning

: illi Milling process data .
. "9 Workinsteps oo z | 74
: Features

STEP-NC
Workpl
=

- Current developments 5 Turning Workinsteps Turning process data —
2nd Step :
- Integration of simulation modules
] ] Milling
- Example of process simulation : é
. : : . . e (e
Offline : Real feed rate simulation module, (MU'“-PfOCGSS planning )Process simulation)egyr g
. . - ~_— ~_ CNC || &
tool deflection compensation module : Features ()
_— AM : AM process data °
. : . ol § ... Workinsteps 22 .
Online : ICAM approach, real time optimizing |Z|S: . Features i 3 8 | Turning
. . alx: Miling . Milling process data |5 = | =
machining parameters (ex: feedrate) E Siv Workinsteps. ...~ 55 -Erg ,
. . ) ) © Turning Seelllies Turning process data |-
- Multi-process planning simulation tools : Workinsteps N .

(From CAD to features taking into account the
Cess)




Implementation in SPAIMcnc - SPAIMsIm

3rd Step :
. i Data base 3
- Intelligent STEP-NC multi-process @ @ @ -
supervision platform I H
- Integration of inter-process (Multi-process pIanning)"(Off-Iine Process simulation\”;
- . D
simulation tools { SPAIM g, x E=
: . E]
- Comprehensive SPAIMsim ( Inter-process simulation E 3
: —n
: . : N Features =3 :
- Cross Interactions possible between | = S e M process data 2E Turning
pI’OCGSSGS Z|la: Features - O | = = —
X< Milling process data :
& gi_...M'.l‘l ....... Workinsteps .. ... | é W
Sl . Features -
: Turning process data
—/ Lnind Workinsteps 2 P " ua
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Current development in SPAIM: test parts #1 #2

~N

Part Test 1 CAdditive Manufacturing + Millin

: — : s oL
= ' e HERTR R 9

- SPAIM able to treat milling,
turning, AM geometry parts

- Under development for
manufacturing part processing for
turning and AM

- Implemented on the new Powder
laser CLAD of the lab

i m— & P e 5]
L sl W -




Test part #3 in SPAIM XCNC
’_—

STepNC [Poche_simple]
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Multi-process manufacturing of Test part #3

Rbughing and finishing Turning
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Overview of SPAIM application of XMIS

\ :
Process Diagnosis Unit Process Control Unit

o @& Closed loop
optimization

i o
b4
N N

Online adaptative control

Functional
requirements Machine
Experience choice

capitalization

Feature
recognition

Machlnlng
optlmlzatlon

e

“Inter-process
simulation

Planning Unit) Process Analyse Unit




=% Opening the way of multi-process integrated manufacturing

* New possibilities with STEP-NC feature-based programming
* Intelligence at the extended CNC level
 Development of new tools and models well adapted to STEP-NC standard

e Integration of simulation and optimization tools based on already existing experience at
IRCCyN (HSM simulator, ICAM method, etc.)

o Lack of studies on inter-process interactions and simulations
« STEP-NC based on a widespread STEP standard
» Gathering multi-process data on a unique standard

» More intelligence, interoperability, flexibility and transportability with a STEP-NC
extended CNC

we.* STEP-NC platform on current industrial machine tools
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