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STEP

e STEP (STandard for Exchange of Product Data) wWas
initiated by CAD users in 1984, with the intention
of

— 1mproving CAD data exchange
— replacing IGES, SET and VDAFS

e It1s now an International Standard (ISO 10303)
for exchange of

— Geometry and topology
— Assembly and configuration information

e More then one million CAD stations use STEP
— All major CAD systems have STEP interfaces
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STEP and STEP-NC

e STEP-NC extends STEP for CAM and
CNC control

* Currently under deliberation by ISO
TC184/SC1 as a Draft International
Standard (DIS) called ISO 14649
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ISO 6983

* Developed many decades ago

* Doesn’t meet modern NC technology
requirements

» Uses low-level codes to describe tool
movements (GO1 for a straight line) and
switching instructions (M5Y)
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Problems with ISO 6983

« No support of complex geometries (e.g. spline)

* No support of 5 axis milling, high-speed cutting
» Creates large programs, difficult to handle

e Changes are difficult to manage

e One way : from CAD to shop-floor. No feedback

e CAD description has to go through a post-
processor specific to the machine (5,000 exist)

e Degrades information
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Current situation of NC programming

B Vendor-specifi
S extensions CAD/CAM
- B Machine-specific
M Low level of data
o : D 710/.000 == part programme
Ia()gulage desc”bt N15  G91 GQIZ7200 generated by
s:mpde m g;vg:_n NS w20 15 D postprocessor
a.n Swi c Ing— N30 &q M [
instructions R Post-Processor
N40 GO0 25.000 'gé) B One-way:
N45 MOS8 No feedback of data
N50  53183.000 to planning department
N55  MO3
B Standard d N60  F1477.000
andard does N65 GO0 X60.000 ihili
not support comple 00 o 500 B No possibility to change

geometries (e.g. N
spline interpolation) 3o

00 X60.000
I Z-0.500

complex NC programmes
at shopfloor level

NC Machine Tool

” To improve the interface between planning and shopfloor,
a new data model is needed, not just an extension of ISO 6983!
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Goals for STEP-NC

* Enable a fast-track process chain from CAD
to product realisation

 Provide an effective link between CAD/CAM and
CNC

* Enable exchangeability of programs

e Build on geometry from CAD ; and add a
description of what to do: “drill a hole”

* High-level description of machining process -
instead of tool movement GO1 x y
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The Project Target

Current Situation New Interface

Design
Department

Shopfloor
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The New Interface : STEP-NC
(ISO 14649)

 What does the well-structured interface look like?
— Workingsteps
* describe the sequence of work
— Object oriented description of features
« features are: hole, plane, profile, pocket, ..
— Operations
* tell the control how to do that
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Status of STEP-NC (ISO 14649)

e The drilling and milling datasets are described in a data model using a
special language which can be processed directly by software tools.

* ISO 14649:

— Part 1: Overview and fundamental principles
— Part 10: General Process Data
— Part 11: Process Data for Milling

— Part 111: Tools for Milling
* In preparation:

— Part 12:  Turning

— Part 13: EDM

— Part 14: Contour cutting of wood and glass
— Part 15: Inspection
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Features on an Engine Part

Source : DC
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Program Structure

File:
Header
#1=Project(Workplan #10);
#10=Workplan(#20,#35,#71,.....);

#20=Machining workingstep( , #21(Feature),#22(Machining));
#21=Round hole(‘Hole M6°,..........);
#22=Drilling(#..(Tool),,,#..(Technology),#..(Machine functions));

END-ISO-10303-21;
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Benetits of STEP-NC
i

* A closed process chain from CAD to CNC

* No geometry programming

» No post-processing STEP-NC
» A complete product model in the CNC 7}/
» Easy editing at the shop floor NC User Interface |

* An open solution, open for customers cycles

* Upload of CNC file and easy reuse I NC Kernel I

» Well suited to e-engineering

Source : WZL
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STEP-NC : Target

*35% reduction in CAM planning time

*75% reduction in number of drawings sent from
CAD to CAM

*50% reduction in machining time for small to
mid sized job lots

e s o)+ [one
T T T

75% 35% faster 50%
faster faster
Source : Step Tools
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STEP-NC projects

* European “Optimal” project ” (1994-1997)
« EP29708 Esprit “STEP-NC” (1999-2001)

. IMS “STEP-NC” project (2002-2004)
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Project Team

* From a European Project

— Belgium, France, Germany, Italy, Sweden,
Switzerland

* to a global IMS Project
— Europe
— Korea

— Switzerland
— USA
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Members

[ Control
Manufacturer ‘ Association '

Siemens (D) | [ cecmop) |

OSAI (I)

‘ ] ‘ Consulting I
Machine Tool
Manufacturer [ AMT (CH) ]

' CMS (1) ‘ '
Enduser

AGIE (CH)

Starrag (CH) iDaimIerChrysIer (D)j

| Man(liieal\(lzltu rer I ;ﬁﬁgﬁ?&ﬁ:‘h ; :::Zi(:))
[ OpenMind (D) WZL (D) | Progetti() |
| Dassault(F) e Derendinger (CH)
| CADCAMation (CH) EPFL (CH) | Wyss(CH) |
EIG i-tech (CH) Source : CECIMO, WZL
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Prototypes Implemented
« Milling

— Siemens

« EDM
— Agie-Charmilles
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Feature display, compound feature

Center Drilling Workingstep - WS_s3_holeM12_center
Processing Sequence Tree
= complete_warkplan 4] Mach. Oper.  center_drilling center QK |
--wurkplan_seﬂing1 hanu. Feature raund_hale Holehkd12
E-warkplan_seting3 J—
--WWS_s3_face_rough .
WS_s3 face.finish Feed I 3000.0 y Z-Security FROJECT
- WS_s2_gop_raugh Owetride ; I 25.00 —
--YWS3S_s3_gopE_rough . 180000
WS_s2_gop_finish Sp'”d'ell : Tool CLOSE
- \WS_s3_gop2_finish Override ¥ Center
-WYS_s3_chamfer
WS =53 haole10_center Coolant ION vl Retract Flane SAVE
- SWS_s3_holel0_drill I 20.00
- WWS_s3_hole10_ream 7-Fos 0.00 I 200
- WYS_ 53 holel18_center W Pog w . :
WS_s3_holeld I Cutting Depth SAVE AS
Y-Fios 0.oo
- I 10.00 Diameter
LWS_s3_M12_tap [
Replicate Feature - rectangular_pattern
Feature |pattern_M12
Z-Pos | 33000 XPos| 11300 “-Pos| 5240
List of Locations
[#== 0.0 ¥=  0.00 Z=  0.00
Compound Feature | x]
Feat.|cu:ump0und_feature_M1 2 Depth | 30.00
Z-Fos | 0.00 »Fos | n.00 -Fos | n.o0
EDIT EDIT EDIT CODE
FILE DISFLAY | SEQUENCE TOOLS EXECUTABLE |  GENERATION ‘ ‘

Source : Siemens, OpenMind
September 10-11, 2002 [PLnet Workshop 2002, Saas-Fee 27



___eig Hes
Tool display and sequence editor

Processing Sequence Trae Executablas Dutside Processing Seguence
stap_nc_projact = Mr | Identifisr | Tyne
= complete_workplan B9 WE_s3_face_finish machining_workingstep
= workplan_setingt
= workplan_seting3 bt i REMOVE ITEM

WS_s1_face_rough
WS _s2_gop_rough

WWS_23_gopZ_rough i MNSERT
WS _s2_gop_finish BEFORE

|ALLTOOLS | Ok | ﬂssgl_n'r
Cancsl |_’|
Cutling Toals INSERT
Nr | Label [ Type | Db e ] e
w {151  Endmill_18mm tapered_sndmill 4 4 u
184 Endmill_20mm tapered_endmill 4 4 Fathrolaon: O
167  Endmill_25mm tepered_endmill 4 4 hadnibl A E3| E;MAELE
160 Endmill _30mm tapered_endmill 4 dq ok I Canesl i
163 Dnll_4.5mm tepered_dnll s 2
166 Dwill_8.5mm topered_dnll 2 2 ' FeadRats | 3000.0 DISPLAY
169 Dirll_18mm topered_diill 2 2 | Feed Rate p. Tooth MOTSET EXEC-LIST
174 Boring_Tool_26mm  boring_tool 22 | [DPACE Jpee | 180000
177 Borng_Tool_35mm  boring_toal 3 3 | Cut Speed MOT SET HIDE
180 Bonng_Tool_40mm  boring_toal 2 2 EXEC-LIST
183  Reamer_10mm tapered_reamer 3 b Fieed Fret. ICUWER CONTACT PT.EI e R R
186 Tep_ hiG tapered_tap 5 5 Feed Chvermds ¥
109 Tap_k12 tapered_top 5 5 Spindle Owemde ¥
192 special_Mill tapered_sndmill 4 4 Synch Spindle with Speed [
195 Center tapered_sndmill 2 2 Adeptive Cantrel =
Bl =TT 1= =) EDIT LAULIE
i pShiet SEQUENCE TOOLS EXECUTABLE |  GENERATION ‘
m = @

Source : Siemens, OpenMind
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Simulation of pocketing
PRUERHHH 4BBZEH¢HaschinensteuertaFEl 1 ausgefallen []

Yolumennodell

B:17:53

Verschie- Simula-
denes

Source : Siemens
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Prototype : Wire EDM

AlphaCAM API
SolidWorks AlphaCAM CAM system Implementation in
CAD system CAM svstem

STEP-NC data generator

1
(o (
g N\

Wiy

Front-end PC

with STEP-NC =———
interface | - STEP-NC
Post-processor _ interface :
for AGIE 1801 W 2 different
PC-based . )
v CNC implementations
- I in CNC
i

Charmilles Technologies

AGIE AGIECUT ROBOFIL 340
Source : Cadcamation, i-tech EIG
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The new Wire EDM controller
CHAEMILLEE?-
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Wire EDM results

CAD system:
CAM system:

SolidWorks
AlphaCAM

Charmilles ROBOFIL 430

L — algixl
b u- e 1
I 150 303215 =
rru usnulnllll({ Test of wire-EBN manufacturing'}, 2:1%);
BAHE{ *liyss TestPlece 3,3, ("Uilly Hoeder'), (" r:uemmu 0.0), 'SI-DERELOROR wB', ", )

xu( _SENEWA ([ "IREH I NENG_STHENA " , " WiRE_EDH_SENTNA"))
ENBsEL;

AL B0, (web ), (BAT, T 80
1EL RS L

{1
TS POLVL M
E16POLYLIME" Pline o

-l _E B RACH DN WS _OPERAT IORE * R G R N R R0, 0, B, 0 Y, N e
“wiret’ 2.

- f
25U EB_TECHMILOGY
W26 SCHIFTTUE_PAEANE T
27 -DESCH IFTLUE_ PARAMET
RIR=L IHUAR_STRATIEY(S)
2L IMERR_STRATERY(§)
B0 RE_EH_PRCH EHE_FURETIONS . F. 80 F o oFaa (DD
1= GBI innrl
EZMTERIM (-

Eion_of | cirels m

Risn ol enm u\ lﬂ : )
BAH_POINI] "argin 1" n}
AN mrm €5’ (12,5, 0. 0.}

Hés so

STEP-NC file
ISO 14649

Wyss TestPiecestp

=10lx]

™ Resources
% MainProject

ftl Wyss TestPiece 1
- [l main_workplan
iid wol

I its_slements

- &- [l machining_werkingstep

il stept

] its_secplane
e [ es_feature

m I its_channel
&[] its_setup Select Waching

LR TR0 I 1. chining Computation x|

Il its_workpieces
™ Resources
e Pelyline
il Pline_no4
I points
il Cartesian_Paint_no1

i Catosan_pore ooz Lol
£ Polyline

e Pelyline — —

STEP-NC interface

TestEDM prototype software
Source : Cadcamation, EPFL
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More information?

Jacques Richard and John Stark
i-tech, EIG, HES-SO
Geneva, Switzerland

I-tech Genéve / 4 rue de la Prairie / Case postale 8 / 1211 Genéve 7
Tel: (+41)(+22) 338 06 02 Fax: (+41)(+22) 338 05 77
E-mail: i-tech@eig.unige.ch  Web: http://www.eig.unige.ch/itech
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