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SUMMARY

I. Title of the Project
Planning of CIM Program and Transfer of International Standards

II. Goals and Significance of the Project

The competitiveness of a nation is strongly influenced by the
competitiveness of its manufacturers. One of the most important factors
determining the competitiveness is how fast they can produce the products of
good quality at the low price. The efforts to achieve this goal are recently
focussed on integrating the whole activities of manufacturing, i.e. CAD, CAE,
CAPP, CAM, and MRP.

In this point of view, most developed countries have carried out lots of
projects aimed at achieving the CIM technology. For instance, European
Community built several large-scale R & D program such as ESPRIT,
EUREKA, BRITE/EURAM, and RACE in order to activate the potentials in
information technology, CAD/CAM, CIM, sensors, lasers, communicatioﬁ,
and robotics. It is expected that the results of these programs belong to EC
and may be applied to their own usage only. In the United States, ICAM of
the American airforces, AMRF and several ERC's of NSF are good examples
of driving R & D in CIM fields. The principal aims of these activities are

intelligence, integration, and standardization of manufacturing systems. Japan



has recently proposed the IMS initiative, so called three-pole program, in
which it plans to lead the world-wide systemizing and standardizing activities
in cooperation with USA and EC. It is anticipated that countries not taking
part in IMS program - also Korea - will come to the hard situation, bacause
most of the manufacturing technology will be regulated according to the
knowledge right.

In this aspect mentioned above, we also have to recognize this problem
seriously and should take the appropriate action in order to achieve our own
technology and to avoid the technological dependency on the developed
countries. The goal of this project is to survey the state-of-the-art and trends
of CIM technology world-wide, to analyze the cases of CIM technology
development, and to follow up the international standardization efforts in

industrial automation field.

III. The Scope and Contents of the Project
The scope and contents of the project are as following :
(i) Analysis of the state-of-the-art and developing trends in CIM technology
- Components of CIM
- Case studies of CIM technology developments in each country
(i) Participation in international activities on standardization in CIM
technology field
- Survey the international standards

- Diffusion of the standards into Korean industry



Contents

Chapter 1 Backgrounds ............... it iiiinnnnennss 11
Chapter 2 State-of-the-art and Trends of CIM Technology ............ 13
Section]1 Generalremarks .............cciiivniinnnienoann. 13
Section2 Design ....... .. i it 15
Section3 Fabrication ......... .. .. ... .. ... il 19
Section4 Productioncontrol .............cciiiiiiiiiinnaa., 22
Section 5  Networking and communication ..................... 23
Chapter 3  World Survey of CIM Technology Development .......... 26
Sectionl Introducton ..............ccoitiminnnnnennnrnnnns 26
Section2 Europe .......... i i e 28
Section3  U.S. A ... e, 36
Secion4 Japan ..... et et e i e e 45
Section5 Developingcountries ............oiiiviniinennna.n ' 53
Chapter4  International StandardsinCIM  ................ ..., 60
Sectionl Inmtroduction ............. ... ... .. iiiiiiiiian.. 60
CSection2  ISO/TC 184 .. i i e 62
Section3  SimationinKorea ................ ... .. ... 69



References ... .. .

Appendices ...
(i) Framework for CIM system integration
(i) Reference model for shop floor production standards
(iii) Status of PDES-related activities
(iv) Companion standard for NC



AR A B i 11
H2ab M e AAAN 2 R SEFE 13
B R X 13
A2 AAZIE e 15
A3A ARIIE i 19
A4y AWARAINE ...l e 22
A|54 Networking Q! Communication 7] & ..........ccveiinn 23
A3 MHAzZrze cMzeAg AR L 26
AIA T R e 26
B 28
A3 B e e 36
- 45
A5 MU EART e 53
A4 CIMEBEOEY A EE .. i 60
A1 B e 60
A2A ISOMTCI84 ...ttt 62
A3A FUEEE e 69
L - [ R PR 71



(1) Framework for CIM system integration

(2) Reference model for shop floor production standards
(3) Status of PDES-related activities

(4) Companion standard for NC

10



Arg A &

FHHE AAAR 4o usel Azgel SEHoe R
HY Yekeza HA7] Y- (Computer Aided)7] &2 By A7) Be
ATABS F BUAS Slo] o 448 7 REH CADCAPP,
CAM,CAQ, MRP § 241 CAx7|¢o] & B3 g sted, 2o
£ 2 RN FUY ASHUU DAL Holdo] Auat HE
€ 09 FRIRE QU] 2AMY BELE 2T EQAL
ASSHCIMIg o] Z1 942 shiz 2a8n goh (inm)

Computer Integrated
Automated Factory
CiM

| I [ _
Computer Aided
Design Production Manufacturing Quality Servica
Planning Control Planning INFORMATION
CAD CAP CAM CAQ CAS
MANUFACTURING SYSTEM
Machining | Assembly Transport Measuring Storage Service MATERIAL
I |

Dedicated Flexible
Machining Cell Machining Cell STRUCTURE

DMC FMC

<=I> CIM33 7153 72 9 CAxr]ee 52
(Source : G. Spur)

11



o] 79 1988 WA, A7|Ye 308%7F oju] CMEYL Al
QT 26%7 COMEYS AEST e AFYL BN (=2 3
2), AL A8l s Y GA] 7)QAES) ARl CM
Jlgel BAL 2T 2 £YL AxsA P& DAY Aol ¥ 2
oty T2t FU7lgel A$ CMBY AP} FEs} B=she] 1 &
£330 F20] o] Rox)x| et YL VEIAE Yot

dE71de CIMEY B (227 @it MBZAD

=2 A4 R o
= HEF I
1293 2o [N 1419
=AY g T -
71} B ...

<&2> 42| CMEY A (Source : B AEEREGR)

meA, MY TGS YBez CMel SloiA MAR 7%
SE U PVRAE BT mLS MRS FTE Ut Em
wimel U5 PR 24 T SAAEAA BYeE Fo) Y
L3

12



A MA1£9 A 47 B BuSY

Ay e

AL AWles FEI hitaived 0], 73, YEY =iEo
Z & 4 olgd cmrieAy A o JleSER 41 S5 S4E
rd P VAR =

Pl AEHoE A rlede JHAA Qe ANH e F
Aoz, A|AF E32 93 ArchitectureS 23t 1 Sloto] 9= @ &
AFE AEste, ¥ Top-Down 4)e] Busts|o] gict. 18j,
GMARS-218] MAP InitiativeollA] 8 4= gl5o] AAL] xF3 wakg A
=3h7] AP g0l & ¥& &3 9ok MY AHe glojAE, <&E3>
of A1 uie} o] GT7]&-E T2 HWASsBoz Ao} Piot plantS-2
T, HAEs s T PYS st itk Jleoas 0A ool
5+ WA glovt, MRP} AARES S Xz o)t

429 B4t FA7IAUAE AR st NCFR|ACA o
APGAELE, wAJAEIA FMCS FMSE, FMSolA] CIMog —z9]
Azx¥FE HP3eg 59 Yozt yolrl: Bowom-Up HAjos
CIMS F308hHs %] . wEtA, f-Folut vltel njste] 2R EY
FMSe] Hge] YJojgog ¥ WHe|:, DNC, FMSS 7L 7|&E9)
mm-key A]2F e 2 Aok EFA5H0) e 253 5 24H FAS ¥
Abol] w)ate] A5 A 0A 7|32 Aoz Hdold g ¥

13



(uTog ‘34l : 901n08) Y§N W WY 3 Jo g <g>

Buiuueid ebues Buo wopjes

pPoylouw
ss8yis jojid pue se8lIWo9 jo dn Jas buluued
Aisnpu Jea pue Juswiea. lejew 1eays Ul ONO/ddVO/avo : suoneelsur joyid
s|182 Buunioeynuew jo dn 18s - dd
Buiuuerd uonesedo - _._om.om e
uBisep Jonpoud - : pre Buiuueld se £Bojouyoe; dnoig SAReIDaUI
(sieo ‘syeiosie)
swajqoud Ayjenb seyouelq urepad
ur Aluo ddvo
HEIS JO uoneoyenb moj
aoueUly Buiwwelboid
Aungixeyy uoneibsiut ou -ON 1eausd
Bununoooe 1509 10} sjuswaiinbal mo
Buineiyore pue Ue 8y}
uolBWOINE 82110 saui| sbuimesp ‘ubisap 0 SIEIS
10 piepuels yby | Buunioenuew ejqixs|4 IIdHN ‘dHIN 1o} pasn qy) 10 91E}
[0u09 ubisep
891j40 uononpoud

uononpoud 1onpoud

14



ot} <%4 F=z>

e CIMYTPAE  TopDown3} Botom-Up2| E3lsajos
CIMA|2R9] HArgztd g A7|oA 71¢ A$e ArchiecureS Top-
Down2 g dAste] Aol vt Qe 22AEESLS Mgy TaAl
PR J)eS ity PBA71E FHE HI Yok <E50M B £
=] -7 82|(Shop Floor Control)?} YAREI Az2HEL ol ¥4y
2408 98¢ 33 9w, FE9 EF LPADAA] HIsp= A
Al2® FHo g2 =gg &3 gt

A2d dA7|e

o714 Bat ffolet ¥ Design, Analysis, Process Planning e ¥
she W ovld] HAE f@stax g dAZIeod oA Az A
AZA F8 bsuwedE thSH FL AEY Aot}

- Concurrent Engineering

- Product Model

- Unified Modeler

- Feature-based Modeling

- Integrated Design Environment
- Intelligent CAD

- Exchange of Geometric Data

- Domain-specific Design System

- Design Theory/Methodology
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1. ESPRIT

ESPRIT(European Strategic Programme for Research and Development in
Information Technology)® @ &= FEAME7)&Foke 7)ukr127) A Y
2% 292 383 9 H 1A A (ESPRIT-T) o) A = 1983 35| 1987
A7 THSHWECUSF 8eided] dpn)s 2 1737 AF-A o] =)
St 21 digbRops

Advanced Microelectronics

Software Technology

Advanced Information Processing

Office System

CIM
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23 AESPRIT-IDA YL 198704 1992742 2 16YECU(SF 1799
2| AulE

Microelectronics and Peripheral Technologies

Information Processing Systems

Information Technology Application Technologies
9 3t FH3AFok Tt k.

nelR2dYER YA g 2Ey|E Fobs 2UE AR, ndyx3
2 o7lsdRs 2 o 24007 Awe F Ygos stu 9n, AR
HEA|H Fofz 19909t AR AIAIAY Age Ho A2 A
A7), A4ge REALY o7 dH, MEH sleMe] 3 A7
ek Hgolnt. FRA2 $47]gHoks AA AT HRAy|e
< A48t ECT|Y FAYALE £wshs Ao, 1 AH¥Eop
A7l 82 <3>3 gt

2. BRITE / EURAM

BRITE / EURAM(Basic Research in Industrial Technologies for Europe and
on Advanced Materials)A| ¥ &

Advanced Materials Technologies

Design Methodology and Assurance for Products and Processes

Application of Manufacturing Technologies
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Project No. Project Title

688 OSA : A CIM architecture based on the Open Systems
Approach

496 Projcet Design & Specification of Configurable Graphics
Subsystem for CIM

322 Interfaces in CAD systems

477 Control Systems for Integrated Manufacturing - The CAM
Solution

418 Open CAM System

534 Development of an Automated Flexible Assembly Cell

G Optical Sensing Approaches for Adaptive Control of Arc

Welding

118 General Purpose Sensory Controlled S ystem for Parts
Production

179 Integrated Electronic Sub-System for Plant Automation

338 Product Design for Automated Manufacture and Assembly

319 Data Transfer between CIM and Management Information
systems

384 Integrated Information Processin g for Design Planning &
Control of Assembly

595 Application of CIM to Welded Fabrication

809 Advanced Control Systems for Flexible Manufacturing

932 Knowledge Based Real Time Supervision in CIM

1136 Distributed Automated System for Inspection and Quality

Control

<¥2> ESPRIT Phase 1] 38 A7 3}
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Computer - Design and Analysis Systems Allowing Flexible
Integrated Product Development

Manufacturing

(CIM) - Factory Management, Planning and Production Control

- Man-machine Interactions for Production Planning and
Control Systems

- Robotics Systems

- Integration of Material Handling Systems (Including
Robots) in the Production and Assembly Process

- Computer Integrated Control in Process Industries
- Architecture and Methods for Integration, Including the

Development Methods and Tools for Installing,
Operating, and Monitoring CIM System

Integrated | User Environment Analysis and Support

Information

Systems | Systems Engineering Comitrising Systems Integration and
Validation Tools

| Generic Communication Technologies and Integrated
Office Systems

| Distributed Systems with Particular Emphasis on
Integration of Knowledge Based Systems and Advanced
Distributed Storage Systems

Information | Workstation for Multiple Application Purposes
Technology | Storage and Processing Subsystems for Stand-alone and
Application Distributed Systems

Support . Local Network Systems and Related Basic Services
Systems | User Interfacing SubSystems

| Subsystems Interfacing the Physical Environment

<33> ESPRIT-TI IT 247|409 58 A2 Y&
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Technologies for Manufacturing Processes
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BRITEZ2IYL A8434 Fa4E Adste Yok o) TR &
°lzt & & itk A%, A3}, My, $71F, FY, AFE S AreEoly
CAD/CAM 3l CIM7|e/He F3181= o] T2 I9e tyae a4
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3. EUREKA

EUREKA(European Research Coordination Agency)= 19854 e g =
T2 UEFel AYY YwersARAYo e, yuxer)s, 2HE
W AW7lE FAF A, 87, 541, oz, goly 2] ool
W H2AlEE FAos A7 A¥sh Aoln. 2A7nl= 65
SECUCSF 70%g2)E He] i, 2|27t 29709 Z2Aes} 495
AL itk CIM3 3PE Pobo dwF9 FHAls <Es>9 7o}

RACE(R & D in Advanced Communication Technologies in Europe) 7] 4 -2
EC 41418l FAYR3E Bxow 198790 Aetso] 19927}7]

SSHECUCSF 69d2)e] ditez AYH3 9ok RACESIME= ECHY
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[Project No. Project Title

1391 MODESTI(Mould Design and Manufacturing Optimization
by Development, Standardization and Integration of
CAD/CAM Procedures)

2406 Integration of CAD/CAM and Production Control for Sheet
Metal Components Manufacturing

1320 CAD/CAM and Group Technology for the Furniture Industry

2478 Realization and Test of Prototype of a Basic Module of CIM
in the Clothing Industry

2351 Development of a CAD/CAE System for Ship Design
suitable for SMEs

2248 CIM System for the Meat Processing Industry

3447 TOPSYS - Tool Production System for Design and
Manufacture of Models for High Quality and well fitting
hoes in the Footwear Industry

3148 Production and Cost Oriented Mould Integrated Design
Expert System (PROMISES)

3455/6 FEMOD- Application of Feature Based Modeling for

Complex Product Design and Manufacture

3600 An Intelligent Knowledge Assisted Design Environment
Incorporation Manufacturing and Production Information
(IKADE)

2362 Modeling and Automatic Control of the Polishing Process
(mac pop)

1381 Interactive Knowledge Based Shop Floor Control System in
a Small Manufacturing Enterprise Environment

<¥4> BRITE/EURAM T2 79| ZT2AE oy
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Project No.

Project Title
64 Proposed development of a computerised engineering unit
68 FIELDBUS : Eurobot / Communication architecture
Industrial LAN for real-time process and machine control
130 EUREKA JESSICA : CIM for constructional steelwork i
ncluding expert systems
143 Automated cutting room for the leather industries
152 EUROPARI/ SPIDER : Development of integrated flexible
automated paperless design and production units
- integrating all operations from design to inspection and
product support
154 Factory of the future
- Quality-oriented production in the future
- Application of an expert system for CAD of work
schedules and NC programs in the field of manufacturin g
of components
- Expert systems for the design and control of flexible
assembly systems
- CIM assembly in precision engineering and electronics
256 FAMOS : Study of feasiblity for ECU production for
automotive use
289 FAMOS / IDAP : Computer integrated design and assembly
planning
21 PARADI : Development of flexible and interface systems
212 FAMOS/ARIA : Automated rapid integrated assembly
229 FAMOS/IDEM : Integrated design with engineering and

automated manufacturing

<35> EUREKA®2| CIME-of TR2HE o
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0] HEHA mo)ry, -selje} A A
B T3] 7HLead-time) 9] 30 - 609 HEEAE Bstn 9o

GMe] 7%, 1980l ZHx53 =) 50% P =7 BisEo
TGN 2250}, o]E mmsr) 7] X7 FAFol EHﬂ geA
o] “ﬂ?lil‘:!':} °l& M3t Awd o] zye LANZ ek
(Protocol) ¢l MAP(Manufacturing Automation Protoco) © &, 19849  Version
10o] MEH o)l MUGMAP Users' Group)o] Z/d=]o] oF 1504 3| Ak}
AL 312 6 Version 3.00] WEHo| Y. o] mx: xzEao o
¥ 2 =T Vendord ujate 47 Aol 7hssly] dgel, vz
T ol 3, Y29 MzYHET Map T 3=do] g 2xey)
& 3422 W ¥ Utk GMitE MAPY ywo) Aol o5
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Step 1: %) g4 (Centralized Communication) (1984)
"IBMS1E T2 2 WYX Ess Agy ny
Step2:Zg 1 Al Az, HolEgo] & Y LAN(19841)
-LANel 23t 4%, 0S19) 1223 IEEE sgp EFH9 Qeso) 2
3y
- &7 Programmable Device2] 7jo]E ¢jo] 7
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- 1984 dol) NCC&llA} Demonstration
Step 3: 3-8 Aju)A (Application Service) (198541)

& 83 AulArise] AN

AW, wHz) £, Jtgeg)s, Yegs Y 5

-2 VMEQIY Aojuge] Y&

- 1985'd AUTOFACT® Demonstration
Step 4: 714 st=go] (198614)

-MAP 3H13-9] VLSIZto| 2]8t A7} 23}, opare)

-IEFE 802.42] #lo]2W eyt Bacs st B A7
Step5: Y EHT §uzg) (198814)

-MAP Y E$ =9 94

-XET 8P AN

-1 ~7AZ4] spec 4

STl A= NSFNational Science Foundation)2} Zx}Ae] 7147
ge FEI}I Qe o, NIST$ ERCS, 283 ICAM(W|32) 52
HEHY Ao}

NIST:S 8708 Lab. 02 F450] gl 2477 Bo g, M
A= MEL(Manufacturing Engineering Lab)e] st girh NIST: o]
A AYAS Astel 20009te] 3 BgEAL 2 sle 29 sy
= CIM7]&-§& F3 9k 13749 Emerging Technology rhellA]  Computer-
integrated Manufacturing & Flexible Systems§ A28 B8 : Source "The
Status of Emerging Technologies - An Economic/Technological Assessment to the

Year 2000). AMRF(Automated Manufacuring Research Facility) = o] e
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- Cell Control

- A 8
59 A1E F¥Wsln gtk AMRFY 7RIS ISO/TC 184(AH B33}
AR g $A71e)MA4 v)Fo] FEshe del 3A 7Yty @8
o} NISTS] 37845 3A] 2% Division® AMRFo|E o2 FaciliyE K

f3k2 gl o, 28 BEAY HopoMs

m]rll

- Existing and emerging information technology standards
- Manufacturing data exchange standards

- Product data exchange standards

- Distributed data systems standards
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- Domain-specific Modeling Environment
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- Die and Mold Manufacturing
- Precision Casting

- Polymers Processing

- Sheet Metal Forming

- Systems Integration
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270 o 22T & F Utk mebd, ol5ol Yoixd FHAE CM

sleel wAaEge 243 wopste] Foprhz Hol glen], mEelt &
Pupete Tl MBS 27159 AR BE u%ad g 4 vk

2322 1987WHE| High-Tech A7 LE AZ2s 719, 333t
2 otk 27 etr}aWE(SSTC : State Science and Technology
Commission) 21312 A=37|< AE714 43> CIM AE7L 283 249
& ARs} TS ol 47 UE TAEE £ YHELR, =
13, =)

CIMS/ERC:- CIMRYZAEE T23le], AT/MLY testbedZ 4}
3 A 225 57)eS Agste v dujstaxt s A=,

System Design Methodologies and Software Engineering,

System Simulation,

Network Research,

Database Research,

CAD/CAPP/CAM,

Hierarchical Control,

Manufacturing Systems Research
o 77] REog FAHo gtt <Elt RYUFAEY F4L BAF

= oo, 2o UserSel HA g4vjeg A3 £ YES, el 7|
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SSTCC
I

Expert Commission of Automation Techrology

Expert Group of CIMS

i

State Labs ’
) Appli—~
CIM cation
I-CAl T- I- I-FME | 1-QS | DB/ CIM-ST |. | Facto—
MPACT | MADIS NET ries
La Lab Lab Lab Lab | Lab Lab
Pt R R A R
A targe number of Projec: Teams
Note:
CIMS / ERC: Engineering Research Centre of CIMS
I-CA: Information technology for / and CA technelogy
I-MPACT: Integration of Ménufacturing Process Planning and CAD
Technology
I-MADIS: Integrated Management Decision Information System
I-FME: Integrated Flexible Manufacturing En gineering
I-Qs: Integrated Quality conirol System

CIM-DB / NET:Data Base and Network for CIMS

CIM-ST: System Technology for CIMS
<%12> CIMS/ERC 32| A
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SSTCC

Expert Commission of Automation Technoiogy

!
Expert Group of IR

The State Labs

Engi—

neering

Center M.LR N.L. N.LL RS. RC. | ER.
of IR PR, T.S. AS.
EC/IR lab lab lab lab

_ £ T T T x

A iarge number of Project Teams

Note:
E.C/ I.R.—Engineering Center of Robot
M.I.LR.L.—Mechanism of Intelligent Robot Laboratory
N.L.P.R.~National Laboratory of Pattern Recognition
N.L.I.T.S.—National Laboratory of Intelligent Technolo gy and Systems
R.S5.L.—Robot Sensor Laborotory |
R.C.L.—Robot Control System Laborotary
E.R.A.S.—Experimental Robot Assembling System

<%=13> ER/IR 321 4|7

55



[——{DB1

_ UAX 8420 pthernet TOP/IP-->70p/mAR™ DEC 5810
o g |
Hierarchical
Cecntrol
ORACLE
CAD/CAM-{ij Network
DE]
Briiéa LBl DB
SUN 3,4
gggizal Simulation INGRES
I——-inmf @ DDBS _@
SUN 4 SUN 3
VAX 3400

=

HP 3000/8255

Cell Controller

Cell Controller

&

TCP/IP-->TOP/MAP VAX 3100

HMC/VMC W.s.

HP 3000/340

0 &

ACER PC 386

<X 14> CIMS/ERCSY]

Clamping d
w.S. VAX 3400

Mat.Flow/
Tool /TC.
MM/WM W.S.

Hlih"bBY Tool CNC
Store Presetter 3D, MM

rdEdE 4



A% PFE, 2xedo|Se] 25U vagtyg &+ Y= AlLE R
23 gt
ECIRE w33 2y WEY Ay ZRE, I3 52X

£5 359 2ue AANES Adshs AL TE= st AYsle] o
7 B a7 95w o

System Architecture of Robot,

Mechanism of Robot,

Robot Control,

Robot Vision,

Forceftorque sensor and other sensors,

Al i Robot,

New structure material and special functional material, Energy
source, communication, etc.
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Yoz Ak "CMrIedl ¥ FRFRATIH e BEE AT
o] Abele o] Tur|ael CIMEE HEste FRAMY G E
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Fad dARE T AN A e dUHsT AT CM
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He iz s 2N Y21E 18 BRSHE AL ZEL 9

lt}. o] & 24dsl7| Hstod
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A4 CIMF-ope] FARF

Ay 8%

CIMolA] F781: #ak o] A¥EHY, AR2HL 74
sk BE ER - AAXNLE, AL T, SFRAI2Y, AAEA A,
FATYA 2, 9 2", 2 BE o] - So] A2 gHEe
A ol g7tol YR Be] o]Fo] A F glojof ¥} P CIMA|AH
2 UserE#% 22AES Vendors Atojols m:n 9o wWlo =zt
combinatione] 7H5-g+ ®, o) W WAY & = el HE s HE
A RAtoIh WA, o] RE 9ol compabiliyE BA43El7]
A EF Iterfacedl] TH Rige] HastA sHedl, o] Expamw
(Industrical Standards)o]2} #%ict.

CIMe| B E sk s AAZYeR o3le] YHAAW, 2
AT e Activiygo] 714 o3t}

ISO/TC 184 - Industrial Automation Systems and Integration/Architecture

and Communication Systems

ISO/EC JTC1 - Information Technology
ESPRIT - AMICE (CIM-0OSA)

CAM-1

MUG (MAP Users Group)

ISO +A| ¥ 7] 7-(Intemnational Standardization Organization)2X4] 2 A}}el)
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CIM-S TAshs TC 184 S0l e 2#piel 24X FFEHE FE512 3o
o, JTC1E AR Fofold 1SO% IEC(nternational Electrotechnical
Commission)7} Jointd}e] F+41E Committeeo]t}. MUGE wig 3t whel 2
o] General Motors7} 83t 242 ¥F Networking?] ARE-x} 2-F<|
i1, CAM-I= CAD/CAM/CIM ¥ofe] ZSojz2r|eurs Hal 248
o]29] Ak)Al Consontiumld] FFEIAFT £33t Q. AMICE:
European Computer Integrated Manufacturing ArchitectureS- | % 3} ESPRIT
project?] dhtE, CIMAIAHS] By9is H/AHE $1F Open Sysems
ArchitectureE F=7%t Activitye]t}.

o] #9l= DIN, AFNOR, ANSL JIS S Z}=29] iEweimSo] Az %
2318 st glov, o]5Y EEE A 1508 FAEF] HFof
7t3 e FAelth cMe 7t 7ler-gel o] BA FPHZ Ji= F
A EF2 opN e} et

Graphics PHIGS(Programmer Hicrarchical :1SO
Graphics System)
GKS-3D(Graphical Kemel System-3D) :ISO
CGI(Computer Graphics Interface) :ISO
CGM(Computer Graphics Metafile) :ISO

Drawings/Geometry IGES(Initial Graphics Exchange Specification) : ANSI
STEP(Standard d'Exchange et de Transfert) : AFNOR
VDAFS(VDA Surface Interface) : DIN

Product Models PDES(Product Data Exchange Specification)  :NIST

STEP(Standard for the Exchange of Product  :1SO
Model Data)
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Protocols MAP(Manufacturing Automation Protocol) (ISO

TOP(Technical and Office Protocol) (1SO
PROFI(Process Field Bus) :DIN
Machine control CLDATA(Cutter Location Data) :1ISO
IRDATA(Industrial Robot Data) :1ISO
APT(Automatically Programmed Tools) :1ISO

Lid @2 RE3} mnitiaiveS2] S8 A9RY, S0 Byt
{8 AL R slo] ANSI DIN, AFNOR, BS < 7harel mE3
Activity?} CAM-I, ESPRIT 5 1% 2 13 9] ETE =¥ FAFSo] 1SO
Document «-§-53= Ao|c}. wrebx, CIM2 HZ 3l Bshod e e
¥ FHsnA} 1 ISOMC 1849} ISO/EC JTCLE] ActivityE m}o}s}
= Zo] 7 Fe8irt

A 23 ISO/TC 184

19417] wollA] 20M)7) &ol ZAA, Mggola] w4 2 2o 4
HEBE U803 FARGL 97 5000, o] Aze Wapgpae
Hize FA% BAFSS Yo sigD, o)) we waAmoes <A
EZ'Y MAel TP o2 Yoyl wel, Moy TS =
== 1926d°] M=o} BESM Lol [SA(nternational Standardization
Associalion g 4o ste, 1947d9] $99 24 7|79 A wadt
7] 7+(Intemational Standardization Organization)7} 25| ojt}.

S0= ¥A Z3-& dEshe 90719 39 gz 745 9o

W, 71 ARzl 8 EFES AP A Aol PN 2L AN
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st &3t 95& x¥stn giok A7) AAI 7] Y EE2 IS
2] 7|79l IEC(Intemnational Electrotechnical Commission)oll A @gddta glch.
1509 71¢3 gL 150 7HYFE2] A Fejo] 3 o]Foix]
o], 7} 7]&¥ofoll 164709l 7)4-$1¥ 3(Technical Committee), 644712 -]
4 %] (Sub-Committee), 1,60009 71&] 24 k(Working Group)e] EE3Z A&
=83} ¢t

198213 94, IS0l E= g2 nxdetn Byststs A 253t
A2 s ¥23E 2 ¥sly] st Mz rleHUse 4
QL AAstgm, ojelimzl 1983 d¢] 1ISOTC 1842 A13 23|75} M=
oju}. =3t 102t ECe gy de =AE $3t ISO/MEC Joint Technical
Programming Committec(JTPC) xp2flo] EoE A, TC 1848 F37
HHE o o] FstH

o WA ;Ao A}E3} A|A%) (Industrial Automation System)

o 39 ABA Y, ARy @ B B SYPUIes 565

S @3 MY 22 AAldiscrete part manufacturing)©l]
e AQ)A-E S A2 REH

% Areasslel gle] 419 Foidol A FAH wet
1989 o] 318 Industrial Automation and Communications System.2 & g
ety Y “discrete part manufacturinge] 3 AbejApE-3tel
o} IAY SgEotel sloiA Y B2 BHH A

ISO/TC 1840)= IEC/TC 440l thst= #7], AAAR|, EQTC 65
A TR guh S48 3 Zeodld 24 ZEZHE A9

e IEQTC 65 : to-mas~ A2 A o|(Industrial-process

measurement and control) <14 3 B X 2 A~ (continuous and
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baich process)ol] F3 41e]-F-32 AZ3 Aojo] AALHE A&
W Rgol A9 IARES ¥

¢ [EC/TC 44 : 21471 AY  #7) A= (Electrical equipment of industrial
machines)7], A4} x| AlAH e, Hg)ge] fog guig
T W FANAQEH A A2 FFo] AHYH, AP =2
< 8 7IAES 358 EgEt)e $40 = ¥nY 2
A wEe AA.

TC 184= EQ Atgol didiA Fxdg 25 17719 p-ug}, &
Edo} g 1979 0-9 F7ke FAISo] glen, M} 7B s
2] AFNOR(Association Francaise de Normalisation)©) T}

TC 184 ARSI A|2¥9 F23 EEE  CIM(Computer
Integrated Mamufacturing) 2.8 B 3 gle}, CIME s g3 oz
Zle 2ES Pz it el sigsis 2H4HGEO% 92
LFWGOE T3 glrk 1991d VA TC 184 449 sce 16702 WG

22 PAEe glon, 1 Fx: %1653 7t}

1. SC1-Physical Device Control |
NCRl4l 5 Auld Ze, X9, & $2 $ol, Hojy 7z, ¥
Yo J2ja ofe] FHL AlAW 2ue FE3
* WGI - Extended Format and Data Structure
Holejgt M2 stetole]d WAL AR AAT &
59 27 AMEL AN o) H4H U tlo)g T
ZF Fslo] FHsoJof 3t FRaBe 3 22 AZx 7
Mg
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System
SC1 SCc2 SC4 SC5
Physical Robots for Manufacturing Architecture
Device Manufaciuring Data and and
Control Environment Languages Communication
WG1 WG1 WGH
Extended Terminclogy Technical
Formets and and Coordination Re:f rel r::e
\ DataStructurey \ characteristics and Support
WG2 [ WG2 ) ( WG2 )
Numerical Performence ommunication
Control —{  Criteria & and
Vocabulary related testing rierconnections
L _ \_methods _/
( wes ) ( we3 ) Wes
NC | || Industrial
Companion Safety Automation
Standard Vocabulary
;—J w
[ WG4 ' (_wod ) ' WG4 )
- Prg. methods |
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Numericaly rmalrgpu ng fg. System
Controlled
\ Equipment /
Mechanical
Interfaces
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nion Standard
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¢ WG2 - Numerical Control Vocabulary
TC 1840l 4] AmE= NCHAI x|o] Be ot )39} 5
& olfs Yyw,
¢ WG3 - NC Companion Standard
MMS(Manufacturing Message Specification)ol] H2=5]= NC ] Al
49 &S Mgyt
¢ WG4 Programming Language for Numerically Controlled Equipment
NC Z2A29 429 e AFshs FATTL AAsta Ax
Tt

2. SC 2 -Robots for Manufacturing Environment
o e BEe mRsNg
- @_04 ’ ‘_E_I‘Aé

AR BBL A 27 Ay
¢ WG - Terminology and Characteristics
SC2 y9idolA 2HES Ao £43 8o oy yue
EF33.
¢ WG?2 - Performance Criteria and related testing methods
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of] P 2oy WyH YL 2REZ 2487
HE doje] BES Huving
4 WG5S - Mechanical Interface
7173 -3}, munipulating 413} BRES} I J o[ HE
S5 Ex A5 n¥YE B A 24 AY B R
F(ocking) Fx] 2] it 7|EH DEE &I
¢ WG6 - Robot Companion Standard to MMS
MMse] 4ubsl, 2R E gloje EFS Awdi.

3. SC 4 - Manufacturing Data and Languages
YARE-2] Life Cycle AAE F8ted B934 Integrity] So] ¢
o] AA3E Product Model A/ K 9| o ) Ef.-r—L} A=351H
Yaz\A R A2 T2ady deEES AP B
¢ WG1 - Technical Coordination and Support
-scaoll 71499 X ¥H Aae Agech
-2ohrrel AleAEE =4 o
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-71€q A Ao Hg AN}
JISOEAS 2l X%E 459 SluME Sgu.
¢ WG2 - Standard for Neutral Representation
A4 B(Product Mode)®] #HEE] EHL neutralstA| ¥ 4
HES BFES Fov.

4. SC5 - Architecture and Communication

AZREHRA 4839 54 9 ysyese 7S B &0l
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D BARES stelMRE] 2ol o)z5)7x], Are7 9] Ae st
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¢ WGI - Reference models
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e, FTHEE AhS veils 7] =¥ (functional model).

i) OH&-3 42 89S vehls e 29
- ol F=
- Hojg| Hjo]&A 4
- 4
- Ao A/ge A UsjHolx

¢ WG2 - Communication and Interconnections
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1.0 INT2CDUCTION.

The gpurrtose of this framewsrk is ta provide 2 commem basiz
for ideniifving arnd coordinating standarzs develeopmen® fo-
the purpose of CIM Entarprise Mccdelling ang CID Syztams
Intagration, while allowing existing stancdards to be clacad
into perspective within this framework.

IT is nct the intent of this framework zither to sexve as an
implementation specificaticn, or to be 2 basie fss
appraising the conformance of actusl implementations. Rathar-
this Zframework provides cencepts which allew intarmaticnal
Ttezms of experis to work procuctivaly ard independantly cn
the develcrment of inicle standards of parts of the tot:l
framework.

Trhe justificaticn fer Cevelepment of stzndardz shall olinw
neraal administrative orocasduvas ever, thcugh the neai for-
Sutn starncards can be assumed from this frimewori.
The description of the Irzmework i3 developed <n sTages
Clause 6 descrihes thres different framawork levals:
latrae ] = N { A
i12vels of genericity,
lavalsg of medalling.
levals of viawsz
Claus2 7 descrizas =he enterprize modeliing pr: .
1.2, the seguentizl sZans to ke Cerlormed to achie z
CChlpuIar procsszalbls dascriction (the medel) of ==
entfercrise. The las=n sten oI this mzd 253 1z
the transicrmaticn of the medel imtn ¢ id
Clause 8 makes suggestions in which fleld standards may
. : ;
ce developed +o support the framework
. . . .
ADpendix A discusses Crieflv -a Inlsuvmation Tachn lozy
- [ al 4

environment sungasted, -tg =ipport the ge
-y

. T
computer processable an® TErize medel (thz build-tims

and to suppert *the Information Technology environmen

for implementations built dccording to ‘this framewor:
(the run-time). This appencix 1s for informaticn only
and will be transferred into a sepavralte standard after
specifications of this environmen- Are more precise

1.2 Absut the Need for this Frameworic.

The manufacturing . preocess, 4.e.the transforma
material into marke*able products 1s changing

ticn of
from a sem:-

a1

W



n

stable procacss tc a highly dymamic cre. The rezsons for th:
change are manifold and enly some oI the majcs reascns ar

=
listed in the following:
Fast hancas in markat camards lez<s= to fas<
obsolescenca of estz-lished preducts.
World-wide availability of technelegy, capital arnd
S E
information (know-hecw) leads to snorters developmen:

cycles for new products.

World-wide marketing of Frocucts leads to strenc cos:
cempetiticn in estaclished markats,

The result for the manufacturing incustry is ar upccning erz
¢f permanent chang in its =ccnemic  ar< tachnoleocgy
environment. To cope with thiz permanent charngs is tha majier
future challenge for the mamufacturing industsy. Feor each
ccmpany th challence is t2 5%2%¥ synchronizsed wiigh k=
external changas; i.e. to have ar aczptation c¢vcle shsrtars
than the external one.

Today the manulscturing induszsy s2ill sivigas Zso stezility
cf 1its preductisn as a maicr enterzriza geal. Theralora,
manazement oI changes is pet ¥et consicdared a permznenc
coiective in the manufaciuring induso-y.

informaticn Fsocessing 1s still very mush fracmanzad evan -
comzuterized applications. This iz due - Laz=T DchiTtm oo
generaticn o compubtar drplliczations witheus the use &7 2
general f{ramewsrX, Yo tRhae usa of multi-vaerdor rardwzra ard
soitwars and t3  the Crganizaticnz! bcundz-iss in  t=a
companies. Thersfore, t-a Gacislicn maxing proccess i- tha
companies ic still cazzed eon  traditienmal informexnizn
pPrecessing -~ informa-ion gatharing with 'pager znd venzil’',
% raquest and frem inconsistens scu--as. This Trocess is5 a-x
the least very time consuning. In many casss it yialss only
insufficient or even OUTrIight wronz informatien

in addition, tha ccmpanies are not orcganized for fass
Czcision making processes. Cepartmenis are still mazacad
according te their own sub~goals rathar thar to rezl
enterprise gocals. The responsibilities are still struc-ursd
in ore-dimensional hierarchies which mix respensibilitias
for enterprise assets with those for entercrise cperations

Matrix organization is still a theoretical concect.
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It is excected that ciM will impro
cempeclitiveness through  adapiability and

enterprise operatlcn and crganisation I

efficient use of =2ntarzprise assaf and

cecpla, capital investments and information.

Tc reach thlis geoal information technolegy providas a var-y
irpertant and poweriul toecl for the entarprise. Howesver, a
toel which still needs further impreovements before it will
fulZil the high expectations. I% is the intend of <This
framework tc define many of tha improvements reguired ZIor
reaching the high goals of CIM.

Information Tachneclegy hardwars makss it possinle even tzday
to install very large networks of computar sys:tams with
almost unrestricted performance and preocessing cacazilitizs

Wnat is missing is the npnecassary sofitwars winich zllows =z
meaninglul processing of the vast amcun®t of informzcion in
the manufacturing entargrise. This mezningful pricess:
i.2. the processing of the right informaticn, for t=e r
purzes2, at the right time, in the right place is s3ill
major preblem in Information Tachn arolicatic

Todays ceompuler application pregra:

stancalore unizTs. Func4tional aspe

asge<tTs and ewven crganizaticnal

apvlicaticn thus pertakility to of

gven 1I hetsricenscus Infermazicn

allow

~gclicat

waal poi

another

the apilic

dilfaran

SYSTamT.

Ts cope

entercri

recuirsd

adaptati a

requiras ot t : z
process from material source ‘tc product service in  the
market. It recuires tiie ability to make decisions in 'r=al
time' as well. '

To establish the roguired fast decisien making precess all
responsibilities in a ccmpanv must be visible. This will ast
be the equivalent of todays organizaticn chart but will be
the explicit knowledge ahcut all dacision making individ:a
in the company and -about their explitit responsibilities £
pProceszsses and resources,
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To sugport the decision making process the right informatioen
has to be aczessifle in tizme and the results of the dacision
maXing process have to be available in the right place

Decision making also has to take into account alternative
solutisns and their peossibls inpacts on tha total entsroriss
operation. Therefcre, procaessable cdescription and simulation
of altarnative solutions is a raquirement on future decision
SUDDOrT systams.

Integration is expected to solve meny of the problems in thsa
manufacturing industry todavy. Eowever, integraticn is
urncerstoed in diffarant ways by the peopla in the indusitzy.
The users expect CIM to provide integration of infermation
in terms of availability, accessibility and consistency. The
vandors sa2e systam integratieon in terms of hardware svstem

ornectivity and portability of ccmpuiter application zs the
main gcal of CIM. Therefore integration has to be done in
more than one aspect. There are four levels of integration
winich have keen identified. The Fhysical Systam Intecration
1s mainly concernsd with intersysten communication. It is
exgeciad that this level of integration will ba providad by
“rrent Information Techrnology concects and stancdards (2.9
0S8I). The othar thraa levaels of integration are Infermztion
Intagraticn, Avclicaticn Integraticon anc Business
InTegratisn. These aspects will scecifically ke addrsssad in
thls framewerk
SCCPI AND TIELD OF APPLICATION.
The csal el thiz framewark i3 ta przvide a mezns cf
Ze2scrizing enterprisas in a Proceszarzle dascripltion wnich
will make the forthceming permanans ¢nanges 1in the businsss
ROVIrTnment managezhlae. Starting from the business resads,
all aspects oI the informaticon recuired oy all functicns in
a2 manufacturing enterpriss will ke covarag.
A framework for modelling an entarpgrisa and develoning a
cemzuter sugportad implementation obd the mocal cn
ncmogenequs as well as heterocenecus Information Techrnology
Systens will be defined. This means CIM systems developed
and construnted accoerding to the concepts of this framawork
will support ail levels of management im their stratagic,
factical and operational planning as well as the direct
operaticn at the shop floer. These CIM systems will allow to
control and to wmonitor all acticns carried out in the
enterprise. They will support all decision making processes

by providing the required information and by allewing
simulation of alternatives and optimisation of sclutions
before implementation. *

Thne framework will be applicable to new CIM system designs
as well as tg the integration of existing CIM systems,
graceful migration is an important partiof the geals.
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All the information contained in this deccument nas LDaa2n
obtzined fren the CIM-CSA Refarence ArchitecTuc=
Specificationg develored in the ESTRIT AMICE projecs
4. 0 ABBREIVIATIONS.
AMICE Eurcpean CIM Architecturs
ESTRIT European tratagic Program for Resez-cl and
Development in Informaticn Technology
113 Integrating Infrastructur= = |
5.0 DETINITIONS
Deiinition of terms zre included st - the keginnine eI

iduzl clauses and subclzucses.

AZCEITICTUTAL EZAMEWCEY.

[T T S W L i i 1 |

o
;._l

Enterprise: An entire corporation, consisting of one or o

organisaticnal components, with the rrime cbjeczive
Precducing products or offering service.

cI t 1 s zy Wil e
tasks are performed in the meost elfective and econcnic
Foszille, wusing Information and Manulzctouring Tseohnol
wher-a evar useful and rossible

Enterprise Modelliing .Level: The Enterprise Maedelling Levw

desc¢ribes in a business sense and termirology "what" has
Le done. This is the field of activity of the user and
business ragquirements. This still leaves ocitions for
implementation to be <Thosen =at _both the Intarmedi
Modelling Level and the Implementation Mcdelling Level.
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Enterprise Viaws. Within the Enterprise Modelling Levels tre
enterprise 1s describted in terms of views. Feur views ara
icentifisz

Function View - the functicnal structura
InZornation View - the infecrmation structurs
Resource View - the resource organization

rganication View -~ %ha orgyanlzational structure
tunction Model. 21l the asgects of the Function View
genaratad during the ent rorise modelling preocess resul® in
the function Model.
Function View. The Enterprise Functien View provides a
cescription of the functional struciure of the CiM Svstam
raquiraments, in terms of the encarprise objectives. The
view hazs a relationship with the outside world since i% alesc
reflects the constraints and recegnises the relsvant inputs
and outputs.
Generic Architectura Leval. The Generic Architectura Lewval
is a referanca caialogue o0 bpasie arciltectursal const-uces
(cuilding blocks) for components, constraints, rules, tarms,
S52tvices, functisns arng protecsls. Constructs cdescrizad a-
thls lavel have the wicdess apclicaticn in CIv.

Informz*ign Mecel All the aszects of the Infarmatiorn Viaw
faneratszd during the enter;:isé meczlling processs result in
the Information Medel,
Infcrmation Viaw, The InZcrn
Cescriziicn ¢f zhe informz-iar
rasuirements. The viaw haz a
world since it also raflac=s
the relevant inpu<ts apd cuizuts
Implementation Mcdelling Lavel .
Level describes the "means" fo
aciivities, The Implementztion
integraztad set of cocmgenen
realization of the enterprise
Intarmediate Mcdelling Level. The Intermediats Modelling
Level describes "how" tha Tocesses and acdtivities are
P2:rfiormed. This still leavasg options for the means of the
g2¥ecution to be defined at the Irplementation Medelling
Level. The Intermediate Modelling Level also structures and
cptimises the business recquirements defined in the
Enterprise Modelling Level by the multiplicity of users
according to overall business and CIM System constraints.
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Stepwise derivation. The preocess cof deriving fiom E-carprizas
Modelling level via Intermediate Mcocdelling lavel Lo
implementation Modelling level,

SFEpwise-generaticn. The process of generating TEnterpriss
Views including recuirements gathering and its content in
terms of function requirements and Gerarating all wiews

required in an iterative cptimisation manner.

Stepwise instantiation. The process of orderly movement fram
a GCGeneric Architectural Level wia a Partial Architac
Level to the Particular Architectiral Level.
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The CIM Referspnce Mcocel ras thres lewvels of architastural
cenericity (figure 5-1), the Ganeric, ths Parzial a=c the
Farticular Levels. The Caneric and the Zartisz! levels ars
L«2 prarts of a Refaranca Architsciure. Thesza two level:
Cescrilbe the canstriuctes reguired to gather the usar
requiraments for a CIM System cperztion, to build a medel ol
&1 enctarprise and to derive from this m ¢zl a censistent CIM
Systen cescripticn and implamentation. These twe
architactural lavels ars incecencent from a stecific
eénterprise, that means the con tructs and descriptions that
will e provicded over time are abstract.
— Relererncy P
Acwecrs T P
=
g
& g |
g i
i
Tigure 6-1 Lewals o< Generacicy
The Generic Lawval s
arzhizeciural consovie-s
consiralints, rules, Ler—s
Constructs  descrisad as
dzpilicaticn in CIn
The  Partial lLevyel 1S ¢oncarned with  setsz of pezrtial
instantiated medais aprilicable to a particulas catagory of
mznulacturing enterzrises, process2s or cemzing. S2ch a
Eartlal instantiation will ConElst of Lycical structures for
4 variaty of categeries lika industry-sactor tyces {such as
asrcsgace, automotive, elactronics, etz ,) <ccmpany sizae,
naticnal wvariations, o- typlical structures for tioical
Frocesses like Enterprise Procursment or Compuzar Ascisted
Product Design., Partial models may alse be dafined 3n a
hNierarchy (Figure €6-2). A set of partial mccals "Autcmotive
Suppliers may be partially instantiated in 2 fur-her subset
according to enterprise size ang evaen in a further subsat
according to type of business. Recuirements for these
Structures will grow with time. Therefore, the Partial Level
is considered to be an cren s=2f, This sef will Lta populated
according to. the needs of standardization bedies, industry
ocfferings and even internal work in particular enterprises.
Th partial models ars the rim means by which the

e i
Reference Model encapsulates indu
86
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Proviies a moere realistic and usable tecol for a parcicular
entarsrise
reference Afchiteciure Parvel.ar
: Architeciure
Geaneric : Particular
Laval Panial Lavel Lavei

C;I\A*OSA Aulomctive Panic:.far
Generic Manutacture Mcceis

Cansinucts I pi
iNachine 10@‘
Smzal
Elacironic Autornotive
Suogtier
Aarcspace — '
r - l Meaium
}\\J/ﬂ AuMncpve — Automctive
g Succier — Suociier
: Inceetre [ Large . : '
P Mogel L | Autcmcive Suzciier
é . SL.:C-!-*;{ MEC.":&I“.l'CEI ’
i [
f Ingusiny . Larse 1 ’
: N3 cmotive |
; '-S—tﬁw\i:}:ﬁ - Méi::tije; ;
~anial meca! £ ~oa
by Enteronse | Elacneal i
Size Incus —
Szgment

Slanwisa
Insizntaien

Note: A typical ‘FPartial HModel is the MA2/TCP
E;ECLEication, which is idinstantiztesd from the Gzanezic
150 Dasic Reference Mcdel icr Cpen Systsns
Intercennaction (ISO IS 7438)".
The Farticular Level is entirely concerned with one
particular enterprise. For such an enterprise the CIM systen
implementation has to be described by a ‘Particular
Architecture. This architecture embodies all necessarcy
nowledge of the enterprise in respect to recuirements and
behaviour, in a form which can be used -directly for th2
specification of an integrated set ¢f Manufacturing and
Informatzion Technology cemponents. These components ccomprisa
the implemented TIM System which satisfies the business
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1]

requirements of that particular enterprisa. The Particular
Level can be instantiated either directly from the Cansric
Level and/cr from the Partial Laval.
This stepwise Iinstantiation Process rpermits the orderly
movement from a mere Gerneric Leval to a mors Fzriicular
level. A number of steps performed in tha corrsct grse-
permit movement frem generic, arstract consicucss to
t T ticular CIM Systems, T-e process ci
stepwise instantiation will tLe sugported, cver time, by
knowledge based svstems, which assist the entarprisa
in dafini 25 as well as

The Rzference Mocde!l provides thrsa Mo elling Levels, tha
Enterprise Medelling Laval, the Intermediata Mcczalling Level
anc the Implementation dlodelling Level (figure E-3).
s i

Srarnase

r:ermacaie

I erartaton
figura 6-3, Levals ¢of Mcdalling.
At the Enterprise Mecdelling Level the busi-ess raguirzgents
of tha enterpriza are identified, The idenzifiag
reguirements lead to the definition of entarpriss procassas,
thelr inputs and results, and *-e reguired activiiies within
thesz processes,
Since thasze processes will be defined independently from
2ach other by differaent Fecple leing kncwledgeable on on
scme of the processes it is unavoidable that redundznc

1

and suboptima are defiped. These short-comings wi
removed at the Intermediatas Modelling Level to ensur
most aconomic and flexible cperation possible.

1
t
o 3

The Intermediata Modelling Level will be -used. to arther
detail the business processes and activities by describing
oW they are performed. Suboptima and redundancies will be
removed, volumes will be added +o the models, executing

entities will be specified and constraints provided by the
88 | '



overall entarprise and,or +the extarnal werld will b=
considered. Tha Intarmediate Mcdelling Level alsc sarves as
an 1isolation between the EIntarprise Medelling and tha
Inplemen%tation HMocdelling Level. This will nabla to re-
investigate trade-oifs zand or decisions made due to internal
or extarnal constrazints.

The Implementation Mcdelling Leval defines the means of
executlicn by selecting the rezl entities (humans, machines
and pregrams) being used to axecute th processes anz
activities defined in the Enterprise Modelling Level. Ths
entities will be salec*2d according to the specifications
defined at Intsrmediate Mccelling Level from a catzlocue of
compenents offerad by wvarious "~ sugpliers.~ Ccmponents
reguired, but nct available on the markst must be develcred
by the par*icular entergrise.

o]
53
‘0
0O
11}
o
1]
Q
H,
7]
rt
1)

Tha I Pwise derivation £rocm the recuirements
defined at the Enterprise Meodelling Level thfaug“ thea
Intarmediate Mcdelling Levael towards the real comoonent
salacticon at the Intarmediate Mcdelling Level will e
assizTed ovar time by a se% cf computar programs, whish
offar alternative seluticns, idenziZy missing =
inconsistantly defined c¢riectz, processes cor activities.
Although the siepwise deriwvaticon process is descrizZed in =
ona~way direciion it may be nscessary for individuasl
prscesses or actlvities ts raccnsider the pravious iMedelling
Lewval.

Focur different views (Tigure 8-2) have peen identified which
allow teo model the @mzjor aszpecis ocf the: enterpriss
incependent of each cther.

yd Sasource Vi

ba

Ve inime—ason Id /‘I

Py

Faressn ./ "

T T I

Figure 6-4. 'Levels of Views.
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ray be necessary fo ind‘"‘dual processes or agiolivities o

-
IS
K - .
reconsider the previcus viaws.

6.5 Summarws of Eramework.

Figure €-5 shews the total framework resulTing £from tha
overlay of all architectural and modelling levels with all

views.

Only the Particular Architec*ure Level is to be providad vy
the designer of a particular enterprise, as he has +ta
generate the views for his particular enterprise and <o
derivatas from the raguirements (Entercrise Level) to the
real implementation.  The Generic Architecture TLevel will
ensur e ccmpatible and portable business descriptions, whils
the Partial Architscture level will previde cover time txe
designer the necessary partial solutions to ezse the cemplax
wori of enterprise mecdelling.
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7.0

PARTICULAR EMTEZEDPRISE MCDELLING .

7.1 Pefinitions.
Activity Funection. he Activity Function descrites the
actions/orerations required to preduce the defined Acuivisy
Cutputs from the Activity Inputs provided. The Enterprisa
Activitly Function is represented at the Intarmecdiate

Medelling Level as a set of Functienial Crerations.

Activity Input. Activisy Input cascr
and/or material the Activity CFuncti
execution. The following inputs are
sreclfic purpose:

Primary Input: The primare Activity input consists of
the ctlects to be acticned on by the Activity functicen
(Data and/or Material). Infzrmaticn and Materiai czn
serve as primary incuft beczuse of tReir &iffaran-
legistic pregertias (2.¢. information can be ezsily
ranilcated at several sitas whils:s mate-izl cannot),
Secendary Inpu4: Thae seccndary Activity Irnpu*t consis=z
¢f tila constraints c¢cn the actian £ the Activity
runctisn.,
Tartiaz-y Insut: The tertiary activity input is the
mezanz (resocurce) raguired to axacits the aceisr gf -3
Activity Funciion .
Aotirity Output. Activity Ouitput describe tha infsrmzaszizco
(cr material) the function Troduces as a result ci i-<s
execution. The following Activity Outguss are defipnad, ez-n
with a specific purposa:
Primary Output: The Primary Activigy Outsut consists cof
the cojects rssulting from the ac ion cf the Activizy
Function (Cata ‘and/or Mzterial). Informaticon @ an<
Material can serve as Primary Cutput because of their
different logistic properties (e.g. informaticn can te
easily replicated at several sites wkhilst materia:l
cannot).
Secondary  OQutput: the secondary activity outgu=<
consists of the resulting status of tha Actiwvity

Function.

Tertlary Output: The tertiary activity output is the
scatus and means returned from the Activity Function.
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ny comgany departments. It contain ol
and guide-lines, and the equizment and
organizaticn descripticns valid for the whnole ccmzany.

Eusiness Process. A Business Pr ocess is a cﬂns‘:;ct which
deiines the desired seguence of Entercrise Activitias e=-
other lower level Business Processss to Le executad in order
to pericrm a desired task, which zrecuces a dafinesd resuls
Business Processes are triggered by Business Process Events
and ex ecuued accaording to the flew of actien expressed in
its associatsed Procecdural Rule Sat and cperats uncar the
influence of exter ﬂal censtraints (Declarative Rulas)
Business Proc2ss Results are generated at the completion or
terminaticn of a Eu51ness Process and descrikte its erd

precuct, See figure 7-1.

- H N
PRCCESS BEHAYIOQUR FUNCTIONALITY
Sl Y
s PcaaLsi
— Fule Zal
! PRS: ]
- —— =
[T 54 Sl Eod R ~.ralh
Process Peocass Freysy
ot filzal 2 3503 [r—— : n
| p— £lfsn Ssn Foruga
|
A b Fioeas Poocmcural Pcecur) F oeecunal
Fracasz AN Dress -L.a Sat Sne Sai Bue Sal
EE e iar i 3F- 23 g 38124 EEETEN
$an E il Sl
ERRTTT Frige Faten

5 Event. A Business Pracess cvent 1

s 3 an event
from outside of the Business Process which +triggers t=e
exesution of the Business Process by initizting the
precessing of the associated Procedurzl Rule Set and thareby
results in th activation of a group of Enterprise
Activities which together comprice that Business Frocess.

Business Procass Type: Business process Tyces ars
classified constructs at the generic architecthu al level

e b

from which Business Processes at the particular

-architectural level eazn be instantiated. Thres Business

Proczss Types are identified (see also Enter rprise Activity
Tyses):

Management oriented
Operaticnal orianted
Suprort oriented
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Cemronent Catalogue, The cemponent catzlocue is 2z lig= of
cemponents  which will ke assemblad in the  parzicoliazr
entergrise, bassad upon combonents ciffered by vendors and/o>»
particularly develored or available entsrpriss cemzonenis.
Tha component catalogue includes Information Tachnelogy azd
Manufacturing Technology comgonents.

Cenceptual Schema. The Conceptual Schema is onre part of the
ISO reccmmended "Three Schema Arproach” . and cowers the
central rationalised description oI all entarpriss
inZormation,

Declarative Rule. Declarative Rulas deipne the leng tem
ercerprise constraints applicable to the execuzion of
Business Processes and/or Enterprise Activitias .~ ~
Enterprise activity. An enterprise activity is the lowas-
level description of a enterprise tzsk tc be performed. This
daescription provides the overaticnal rgarametars Sor  tRa
execution of business Frocesses. cntersgrise activities a-a
separately described and are not Part o any civen business
Erecess, but can ke employed by one or more tuzime=zs
PFrocesses wvia their aszszociatad Procedural ruls ses=s. This
relzticnship alleows enterprise aciivitias £o 2 sharad
bPetween differen® business Erccessas and mEures a
sewaraticon eof fu:ctlu‘allity (Intzroriss AcTivitiasz} anz
benzaviour (Zrocedura] Rule Set), making is possitla zs
reviss bkehaviour, in order it meerx changing circums=an
without altering the installed functiornalliz=vy. aAn Enzarz
ACTIVity s cmpeosgad cut of ACTIvity Function, Ac=i
[nzut and Activity Cutput ses figura 7-2

anary - '“Pr‘irr*.:—‘.:y

o

tTertiaryI

Figure 7-2 Enterprise Activity.

The inputs and outputs which are part of esch enterpris
activity form the basis of the External Schemata for tha
entarprise activity.

There is a .strong relationship to the Functional Coerations
and the Functional Entities.
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Enterprise Activity Types. enterprise Activity Tiges z-2 +he
Casic, claszsified constructs at the gensric aschitactu=—-al
level f£x2m which Enterprise Activities st tha carticuiar
arcnhitectural level can be instantiatad. Exterprisa AcTivity

TyTtes can bte catacgecrized according to their prizary curTose

(fanczion) 2and can be further sutcividad by catazorias

accordin to  the unigue function of eaclh entasprise

activitcy.

Note: Three main catagories of enterprisa activitias ava
identified until NCW, each asscciated with cne cf the
main cataccries £ business processes anc each
sukdivided in%s Enterprise Activities ancé Functic=s.
Management oriented enterprise activities:

Plan-
Control
ifcnitor
Repert
Operational oriented enterprise activities:
Cevelop (Research, Cefine, Desicn, Quaiify)
Freduce (Rest, Mcve, Make, Veri:y)
Marlet (Search, Acguire, Sel], Distritute,
Maintain)
Support ceriented enterprise activitiss:
Ins<tall
Sat~up
Maintain
Rermair
Additicral levels of subdi-risian may ke raguirsd =g
ootain a pewerful sar of ceneric puilding =Zlack: far
the Ifunctiosnal descricsizn ¢f the entarzrise

Enterzrise Demain. An Enterprise demain is the vwoivarzs of

Clscourse for particular mccelling acztivistiag.

tvent. See Zusiness Praocaess Lent,

External Schema, The Zxternal Schema is one cart ¢f thz I35

recommended "Three Schema Aroroach” and covers the way

informaticn is prasenred cutside of the rhysical stirage
media,

Functicnal Entity. The Functicnal Zatity is Eve!

implementacion independent func4ional object ablz to zang,

recelve, procass {modify or interrogate) and orticnally
store information. Furctional Entities have their own data
that can only be accessed by their asscciated virzual)
processing facility. The data cf a Functional Entity is
generally referred +to as its state, and the _styla of
internal ogeration is called state oriented. Eswever the
internal functioning of a Functional Zntity can be
completely hidden from its partner. All capzbility is
defined by the sets of Transaction Types provicad a+® tha
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tuncticnal Extity Input/Cutzut Channels. The rerfcrmancs ¢
a Eunc=iconal EZntity always resulis in a reguest ts be sant
0 a peartner entliy c©r in a response to a gartner entlily
{upcn reguest sa2nt by this partner). Once a Funcitionzal
Entity has received a reguest/respense datz unit frcm a
partner it takes full resgensizility of this data. TIhe
pariner then is unable tc re-access his issued daiz.
Functiornal Entities will be defined at the Implementaticn

Functicn View. Five Functional Entity Types are defined:

Data Storage Functional Entities,
Arrlication Functional Entities,

Human functicnal Entities,
Machine Functional Entities,
Cecmmunication Funchtional! Entities.

Functieonal Coeration. The - Functicnal OQpervation is
construct oI the Intermediata Function View and cdetzils
user orientad Entargrise Activity. It is the smallasct
of work that can be performed in the entarprise and ens
that Enzerprise Activities can be executed in diffe
wave, without chancing the EZnTercrisa Business Proczss.
tuncticnal Czarztion will be executed by a Funczicenal En
in a 1:1 relation. Changes in  the executica cf
Enterzrise Activity will e initiated by changing
Functional Cperaticns and the Prccedurzl FEule Sat Wi
That Activizy. Five types ¢f Ffuncticornzl Cgeratizns a-=
identified:

Daza Stsrage Functiicnal Cgperziions,

Application Funmctisnal Cperztions,

Fuman Funcitional Coaeratisons,

Machine Functicnal Cperz*ions,

Comnmunication Functiona! Operzticns
Internal Schema. The Internal Schema iz cne parit ol the I:0
racommended "Three Schema Approach” and covers the siructura
¢i inicrmatien in the physical storage.

Information Class. The Infermatien Classes structure the

enterprise information according to the wuser’s wviews. ZFour

Information Classes are cafined, Precduct Informaticn,

Manufacturing Planning and Ccntrol Inicormation, Shct Flocr

Information and Basic Information.

Nota: Case study reports have identified addéitcional
infcrmation classes and eficorts have *to ‘be nade to
rationalise any diffsrences. The <c¢lasses defined
ultimately influence the physical storage strucitures.

Information .Entity: A Information Entity is any con cr

n 4
0"
[of1:]

abstract piece of information 1n the universe cf dis
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Information Technelegy Components ara reguired to pracess
and distribute data for all activitlies in the entarpriza
The Informatien Technelogy therefor: includes Lo=
applicaticn programs, and +-e serv_.ces that supcert tha
execution oI application sofware by allowing thém ts run c=o
the host hardware, whila keeping arglicaticn pPrograms and
hardware independen: of ezc=h other. Thess services alss
support the Manufachuring Technol ¢7 Ccmocnents Ly enakling
them t3 communicaze with the hest  system  and  eszch
c¢ther.Infcrmation Technology Comrconents ara.

Basic data processing rasources include:~

services to execute application programs,

computar hardware, .

basic software including micrecade arns firaware,

communiicatians networks,

operating system sceftware to central cIoputar

resources,

database management systams,

language cempiler

‘hcusekeeping' and other SugZervisory scfiware,

Arvlication Softwars whizh s wrillten for a parziculzr

acplication.
Inplemented Functiernal Entity. A2 Implsmerncas TuncTisnzl
zntity iz a rezi 2xizting FTunc<isnal Entizvy  whizh 2
released for use in t=a Crerzzicnal Envirsoment. It iz ne= =
mocel. Five tvras of Implemented Functicnal ESm=itizs a-=
identifiag,

implemaented Cata Sterage Functicnal Entitiss,

Impienantesd Apclication functicnal Enzivies,

Implemented Humzn Func“iomal Entities,

Imnlemented Machine Furnzticral Entitias,

Implemented Communicaticn Functicnal Tntitiag
Logical Cell iz a building bleck for the definiticn of =z
group of logically structured resources racuired to suppe-s
a8 set of related enterprise activities
Marufacturing Planning and Control Information. Thiz
information centains all information neceszary icr handling
orders. Therefore the class contains information Llike
custcmer or production ordars, legistice infermatien
concerning raw materials or tool devices, current czpacity
constraints, etec. The required information are accessad at

the shop floor.

Manufacturing Technology Comtonents arae raduired to przcess
materials, assemble products, pack and rove them
Manufacturing Technology includes heth reople and thei
associated workplans anc machines with +their reguira
control programs.

r
4
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Many machines like rokotz and FMS contain intalligencs
i.e. ccomputer-like faatures. However, they are consicdered =2
Pe part of Manufackturing Technolcgy since this intelligenca
1s physically imbedded within the compenent.,

Pecple are referred to as part of Manufacturing Tachnolzgzw
within the Enterprise Implementaticn Mccel, EbBecause thay arsz
an essential component of a CIM ¥stem and 1{ is nsacessary
to describe them in functional terms.

Metadata. Metadata is the data associated with a view and
describes the s=ricture and semantics of thse datz in the
view. :

Procedural Rule Set. The Procedurz]l Rule Set reprasants the
flow of control within enterprise Business Procasses and,’or
Enterprise Activities. They define selaction criteria fo-
executing the lower level Business Prccesses, Enzsrporiza
Activities and/or Func=icnal Cperations. There is cpe azd
only one Procedurzal Ruls Set rer enterprisse Business Procass
and Enterprise Activity. The Procecdursi Rule Set corcai-s a
series of statements, one fcor ea N lower level Eusineszs
Precess, Enterprise Activity or Func—ienmal Cperation in to=
cluster, to define wha- action is resguired ugen ccomliesicon
or termination of each Funcsioral Crveraticn, Extarpricza
Activity or lower level Business Erocess.
Product Information. Procduct infermztion descrizes a.>
fzatures of a product and i-s preduction processas iz
smprises benavicural, functional and phwsiczl asgects cf
the praduct such as the 2ill of Material the przduzz
geometry, production procass descripticn, rprocess plans,
CLDATA, etz
Organizational Cell is a building block for c¢rousing
raszensibilities within an entercrise The Crganizationzl
Cell previde a basis from which decisions on the timelw
provision of resources and data needes far the exacuition =7
Enterprise RActivities can be enazied and frem whisx
decizions can be made on the enterprise operazion. '

]
lu

"
'

Shep Floor Information. Shop Floor information addresss
current operations in the production and assemZly s
Trherefore, we find process oriented infcrmation such as
schedules translated from production orders, the actua
of rescurces, and technological oriented information sz
work procedure descriptions for machine too
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Transacticn. A Transaction is a single bidirectional
exchange of messages freo a reguesicr ¢ itz responding
rariner and frem the respcnder to the fequesicr in thac
2rcar. The Transacticn inciudes three seguential sters
1. reguestor sends a regques: data unit to the rasponder.
2. resgonder acis uron the request.
3. reszonder sends a response data unit to the reguestcr.
7.2 Enterprise Modelling Laval.
Prior to working on enterprise views the Enterprise Domai=n
to be modelled will be defined, the exzernal rajiations to
other Enterprise Domains will be descrikred, the events
causing actiorns in this Entercrise Domain and txe ocjacts
ralated %o this EZnterprise Domain will be identified.
7.2.1 Znterprise Func=ion View.
n oa ¢ stap Zntarprise Function Views are ganerated by
identl the enterprise tasks. T may re n=ca2ssary to
cescyi tasx kv a series c¢f sum-tasks. Ernterzrise tzslks
ars ot destribed using tre czncept o¢I the Businaess
Froceszs, whers it may Ee Lnacessary to divide c¢zzrlex
Interzrisze EBusiness Zrocessac inks sué_:ccesses to pr:é:ce
the desired rasult of the higher levszl Busizess Zrocess. &o-
e23Ch 2usinass Frocess the object te be actz2 cn, the evan=s
which trizgersz +he execution, the constraincs, the exTtectad
r2sult and the f2olle ing Business Process(es) must Ze
c€efinad,
Ie sacond stage in Euilding tha Interprise Function Model
15 to define the Pracedural Rule Sets for the Eaotarsriss
Business Procssses During the genesraticn of tha Procesu-zl
Rule ©Sets the Entarprise Activities ard thelr reguirvad
Capabilities necessary to estaplish the expectec rasulis of
the Zusiness Processes are defined.
The third stage is to define, in general terms, the Incuts,
Cutzuts and Functions of each defined Enterprise Activits,

Figure 7-3 shews the thres stages of the Enterprise Function
View. The generation starts with the task decompesition in*

a nierarchical set of Business Processes. This decomposi=ion
leads to a formal defini*tion of the Business Processes and
their internal structure and sequence cf actions {Frocedural
Fule Sets). Tre decomposition also leads to the definition
cf 2 set of Enterprise 2Activities and their constituent
parts.,
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.2.2 Enterprise Informaticn View.

The Enterpriss Information View is reguired &5 capiurse tha
infcrmation needs of the particular en%ferprise activitiss
defined in the Entercrise Function Mcde!. Therafors i+ is
necessary Lo generate the Information Inputs and Ouiputs cf
the Enterprise Activities defined. This genaration czn
either e done for a selection of Enterprise Aczivitias
Wwithin a Business Frocess, or for ail the Enterpriza
Activities after all Business Processes a-s cafined,

The business user will select Information Classes acc
Information Items for each Enterprise Activity. Botn,
Information Classes and Information Items, will ke providad

froem the Ganeric and Partial Architesctura Level. Specific
cetails have to bte descrikbed as acttiribuias o the
Information Entities.

.2.3 Eaterprise Resource View.
Curing the definition cf the business recguiresmanits the usar
has cefined the required resources as ter“iary inputs of tha
requirad Enterprise Activities. This Irnfsrmarticon is L2 ba
restruciured in the Rescurce View %tc privicde z conziszan=s
viaw of all khe resources needed for z zarsicular tfzsk of
th2 enterprisa. The Enterprise Reszurca 'sdel is the bzsi:z
£2r the Implismenzation Rescurce View whiczh is raguirsd feox
further organisztion of the resources iz terms of prvsical
iccation, and for identifying respensibilizias,

".2.4 Enterprise Orcanisaticn View.
Within enterprisss the definitien and identiica-izn cf
respensizilities is a important subiecs. Resgensibllitlies
have to be known ky the CIM System for exceptizsn harndling
and human decision making processec. Respensitilities may ke
cefined for enterprise assets (rascurcas, informazicn,
capital, ate) or for  operational  entitiss (Buziness
Processes, Enterprise Actiwvities, Functieral Intitieg, etc.)
The Enterprise Orcanization Model is the EBasis for the
Implementaticn Organisation View which describes all the
enterprise responsibilities.

7.3 Intermediate Modelling Leval.

The final CIM System description (the Implepentztion
Modelling Level) is derived from the business requiresment
definitions (the Enterprise Modelling Level). To isolate the
two levels and to reduce the impact of changes from one
level to the other the Intermediate Mocelling Level 1is
defined to act as a stable base betwesn +the business
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7.3.

reguire ion and the implementaticn descIripTich.
Eusinass voiumes will be aprlied to txe lefined Ebusiness
processes and activitiles as Lhe volumes hzwve a signziicant
impact on the methcods how a dafined gctivity will =e
exscutad. The distributicon of weriklcad, tme  functiconzl
sgecifications of thia executing antitias andé their phvsizcal
location will be defined

I~ this role the Intarmediats Mocdelling Level reprasents a2
cotimised user recuiresments, taking intz acgsunc the
expectad volumes and all the enterprise brsiness and CZH
System constrzints. ‘This optimisation 1is carried out v
orgarnizers which optimize the diffarent usar reculr-ements
from a global enterprise view in terms of business needs anc
CIM System capabilities.

ma Intermediate Funcii
cf the Enterprise rfu
ralewvant user regulrer
and Znatergrise  AcTiviii
dascrigtisn at the Iav
rurgesz  the  tarotliary
Azuivities ba
nReCesSsary er
Mrxt the P

=nd 1ts as

Tha dafinit

Dusiness

Tunctional

whien will

ce gerneratc

2 Tnozrmediate Information View.

The Information tems specified in the Entarprizs
Tnformation Medel will e siructured intec inizsrmatlisn
obje<ctsz, the necessary views for each c¢pnject and IF
necessary the type of vie editions which are expected
cduring the life cycle of the cbject.

The Enterprise Information Model and *the c¢onstructs anz
shells provided by the Intermediate Information view will
assist the enterprise designer in gene ating the partcicular
intermediate information iModel. EYo these “constructs anz
shells the enterprise designer will selﬂ"t available neutrzl
schemas like SET, IGES or STIz? for CAD arplications <or
EDIFACT for commercial applications. Private -conceptuzl

schemas will be defined as necessary.
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te i+ts use by Enterprise Activities. Logicao Calls ¢zli=cz
all rescur-ce opjects (human Dbeings, macninas, datz sSTCr=ze
czparilities, data processing capacilicizzs, gtc.) rTegolir=Ea
£ar implementation of cn2 cr a -sup  cf Entarprise
Activities. On  the other hanmd Crzanisationa- C=2..3
st-uc=urs the enisrorise  rescurces  2ciorLond ts  thelr
provision or their identified respensizilities., Ze== Viegws
previde relavant information for tie arrangement ¢
rescurces by the Rescurce ilanagement at the ImplemenTaticn
Architecture Level of the Particular Entarpriss Model
— “1
Functional g1 | =
Structure
E
K Lo
(o~ |~
® |® ®
A K gai
®E @6 e @
= i
BE ®LE
r~ ; /
’ \ CC 1 I ac
i | N
( shoP1 ) ( sHop
\‘_ 1/
DEPARTMENT 1) (DEPARTMENT2
: . -
l . | \-
Organisaticnal .
= PLANT :
Siructure i
1\-_ __—/
BF Susingss Process LC Legical Cefl ‘
EA Enterpnse  Acuwly OC Crganisaicnal Cel
Figure 7-4 Relationship rescurce wv=Isus crganiszation
Such relationships exist for cther icdantifisd
responsibilities in the Organization View and thelr reilated

105



2CTs in the Informaticon anc Function View asz

~J

W

e
Vs
1
p—
1
W3
u
1
(SN
H
vl

The Implementarion Mcdelling Lavel defineg -

"
derzil the Infermation Technolegy and Manufactur
=

V)

ing
rechnelogy  components for all Busina2ss Processzes and
ACTivities definsd an the Enterprise Medelling Leve! and al!
Functicnal Operations and .Functional Entitiag cefined at ths
Intermediata Mcdelling [eval. The Informa<ion Tachnelogy ans
Manufacturing Tachnolegy compenents will Lbe selectad a-c
crdered from the components ca‘talogue. Af=ar delivary tha
compenents will te testad and after succasgsgsel testing the
mocel of the compenent will be transferra< ints *he released
znterprize Implementation Modeal and the acrual componenc
will be installed in the Enterprise Crerzzigrnal Envircnment,
whera it will used for the actual exacution of tha
‘enterprisa Ltasks. Tha Cclmronents instzall=zd it the
Cperaticnal Eavircnmen~ ars ‘referrad Lo as Implementacd
tunctional Entitiag
At Implementatior Me 2lline Level two differant modalz ars
c=fined The imglemenzatian Mocdal and the releazad
impiementation Modal. -e purneze of K22ging beth madels
dpzrt ls tc uza the imzlemantaticon Model fan 23T CUrcoses
witicu* ary impac= to =2 Crerzticnal Envirzrment and ics
modal, when chznges ava Tagulired afiter the Crerztiernal
Envirenment hzsg bean E-T in actieon,
1 Imglilementatisn Functicn Viaw
Eased uten tha sTeclfiicaticns ¢f tra Funoticnzl Entities,
generzted 34  the Intermediats Furme-‘or Lev=l, art  the
component cCatalogue the ftuncticnal ZnTitieg to Ea
implemented iil pe selecizd znd orderes or manufacturad
After availability of tha Functisnzl Ent:ities tnev will :e
verified zzzinst thair scecification znd in cocraraticn with
the  alr=ady imclemented companents, sftar successiygl
varificatlisn thae runctional Entity will be raleasad for
cperation; thac means the model of the Implemanted
functicnal Entity will be transferred t¢ tha ralsased
implementation model and the actual entity will be placed
ints the operaticnal exvireonment. Af%tar sucrcessfyul tasting
of the Busziness Froceszes ard Enterprize Aczivitias tcgether
with their Procecural Rule Setz and in conjunction with the
assoclated Functional Entities they will be transfsrred into
the crerztional envirconment, where thar, can ke instantiated,
W e associ

<'g

o
i
3
1]
ey

lated aeventrs occur,

t
o
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FS

2 Implementatlon Inlormaticn View.
Zaszed ugon the zpeciiicatlons of the Data Storage Tuncticnzl
Intities, generated at the Intermediate Inmformaticn Level,
and tThe ccmocnent cavalogue the Data Stcrage Functionzl
Encities to be implemented will ke selzgted and croferec
After availability they will be werified against thelr
specification and the data necessar -
environment will be loaded The -
Eatitias as defined at Intermediata i
be salected and ordered from the compenent catalcgue and
applications not availakzle £from the catalegue will ke
designed. Both, the loaded data and the azplications will,
after successfiul verification against tha specifica
raleasad to the orerational envirenment; that
meccel cf the Imrlementad Data torage Entities
specification of the Implemented Application Enti
their asscciated metacdeta will ©Dbe transfsrred
released inplementation model and the implemented
will be transfierrasd to the creraticnal envircoment.

.3 Implementation Fesourca View.
Bes=4d uron &£he In=termediate Hescurce
Lezgical Calls, the Implamented Entiti
Junction Model and the Implamentec I
Irplementation Resource Model will ze

Based upcn the Intermediata Orgzanizztion Meodel including to:z
Crganisational Cells and the Implementation Tesourzz Maodsl
the organiszationzl structure and =he resceonsibilitias foc
the Implementad Entities and Daza will ke cafinad
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igure 7-5 Enterprise Modelling.
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8.0 IMZACT ON STAMNCARDISATICON.

Aftar this frameworkX has been accectas t> be the kasse
standard for en<terzrise medelling in the CIM envizsnment,
the concepts cescriked in clauses six and seven will leszd IS
icentification of tusiness domains, businecs processes anc
enterprise activities which are common for many entarprises
within the same or in different industries.

To ensure, that the designers of enterprise models do nT=
dafine the same business prcoccesses, entarprise activities,
functicnal Operaticns, and Functional Enzities agzin bt
a A and also to ensura that Entermrise Engineer

1l

neeri=x
:ons sugport the entarprise designer with alreac

-
e

L

.

- -
r

ed types, standarcisation of Business Process ty/Tes
prise Activity tyres, Functional Ogeration tyzes anz

b I I el o I S|

Functional ntity tyres is one ci the mest  u-gernt
ac=ivitias., Alsc, within an Er-erprise Relerence Model
Demains can  be  identified, inclucdin its tasxs anz

toundzrias to other Domains,

TAv these Cefined tvpss the raguirsd data can oe identifiaz,
+he gseman=ics and necessaIry SYRTAX2s Can e cdeilinzz ant
stazndardised.
Meze: A gzod examgle Ior suc dztz idenzificazicn 1E
EDITACT (Zlactronic Dzta [n-arzhange for
Acdministvzticn, Cemmerce and Tracdel wnizh ceiine ths
data, syntaX and sTaENCaErs mesIaces Ffrm Gelined ZUsSIn2IE
s-tiyitiss. Ansther exarple is  kne emarsing standar:
STED which defines data for a set 57 chtrer eniarpriss
activitias.
Sueh iden=ifiza=icn and standardisaticn oF gdawa structures
car, based on analysis of business procasses, ce cdefined for
many dcmains. This Wwill eas=2 cata emchange Cefwesn diffarernt
applicaticns as well as it will aveid thzt the sane dazz
used in different applications will te defined and storsz<
sevaral times in diZferent scructures. '
Formal, coemputer processable deseriptisn  technigues fo=
2usiness Processes will enzile tRhat business progesses ars
portable between enterprises using diffsrent Infzrmaticn
Tachrmology environments and will enable that knowlecdgs bas=c
s/stens suprort the darivation from Eanterprise TS
Implementation Modelling level.

rn
’_-

2

.itinns of Functional Entities at the snép Floor, whickh
“a a result of the current activities in TC184SCSWGL oo
a Shep Floor Reference Mocdel will enable high leval
languages %to be defined for the shop flecor and may ease the
attempts to define a global language for shop flocr<
entities.

3
D
e
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Pefiniticon of FTuncticnal Entities and their capakbi
the shep ficer domain, will enable defirition of
for these entities which, asscciatad with arp
parametric data storsd in a library, can ease sel
tescols anc simulation of machine operation.
Agreement on the functiocnallity of the sarvers des
Azpendix A oI this document will enable standard
Eetween the sarvers to bea deiZined, thus
cemmunicaticn  between the servers in a rhete
Information Technelogy svstems envirsmment<
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AD

Rt

=NDIX A: CIM SUPECRT SWSTIMS.

A.l Def:nitions
Bas.ic Da+ta Processing Rescu“ces are Information Tachnolcgy
sarvices and devicas cn winich the Enterprise Englineering
EFunctions and the Intagrated Inira Structure ars
implemented. This includes hardware as well as software.
Entarprise Engineerinq Functicns are set of tools to suppcr=
tha Entersorise Modelling Frocess. The tools quide e
ertercrise designer through the steps to be performed, olfer
trhe constructs and  shells fer assistance, assist in
dascriping the processas, activities and rules arc making
usea of the shells, idsntify 1dcomc letaness cr
imcconsistencies in the mecdels, offer simulztieon tzels anz
suppor= the release te operatlion environment process.
In“agrated Infra Structure a sat of Informa=ion T=achnelccy
sarvices whizh are deemed necessary for the generaZlcn anc
axssution ol Cidl systanms omplying to e CIM FAsai=rencs
Medal deszcribed 1in this decunment

A.2 Thae Intez=ated FPraocaessing Environment.
Tha tet2l CIM Support Svstem which supports the enternriss
medeiling process and the operatlonal process 1S recaried &3
the Integrated Processzsin ' © whien is splift iz

1. the entarprise enginesring environment,
2. the enterprisze operztional envirenment.

[rl
+h

The Enterprise Engineering Environment guides the tusin
us “ crise modelling process anc cConsists of:

a. the Entarprise Engineering Funcilons,

b. the Integrating Infrastructure,

c. the Basic Data Processing Rascurces.

The Enterprise Cperational Environment gu*des the executiocn
cf the enterprise tasks and consists oi:

a. the Released Enterprise Implementation Model,
b. the Int=crating Infrastructure, -
¢. the Basic Dakta Pregessing Rescurces,

d. the Implemented Functional Entlt*es.
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A.3 The Intagrating Infrasi-ucture

tad Sarvicas,

Euman nt End,

Machine Freont end,

Agplication Front End,

Data Front End,

Communication Front End,
Buzsiness Relatad Services,

Activity Control,

Resource Management,

Business Process Centrol,
Information Related Services,

System Wide Informaticn Services,
Intrzsystem Communication Services,

Systenm Wide Exchange Service. .

All Services ars Functional Entities with a defined
functionallity. Thev csmmunicats with each other via
crotocols and make use of the client-server concect. T~z
tyraes of preotocols ars definad the access protocol and the
agent protscol. Tha access protsccls are used £z
communication cetween cdiffsrant sarvices, regardless wheiler
thess zervices are withia the same physical system or I=
distributed systems. The acgent protocols are usad fzr
communication ketween diztributed parts oI the same s2r7ice
The differsnt services ars exglainmed brielly In  tos
following subclauses 3 de*tailsd sgecificaticn will k=
pravicded at a later time in & separata Qocumant

2.3.CY The Euman Front End Gervice.
The purpcse of the Euman Front End Service is to provice &
consistent, implementation and arplication indspencanc
service to the Implemented Human Functional Extities at Cid
System built time and CIM System run time. The servics
enabies the humans to interact with the CIM systszmn in a
homogeneosus way indesendent of the ceonnected applicaticn
programs and it enables the CIM system to communicacte with
the imp!emented Human Functional Entities wvia different
interaction devices homogeneously.

A.3.02 The Machine Front End Service.

The main purpose of the Machine Front End Service is ©»
represent external data processing eguipment such as lumeric
Controllers, Rcoot Centrollers, Programmable Controllers
etc. within a CIM system in a homogeneous way. The servic
allows to monitoer and control the Implemented Machirn

L
[=]
=)
=4
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) by Qay of IMC cc

Functiecrnal Crgerations (IMO atrollers. The
IMO Centzoller is a ccnfl urabla element that allows To2
Machina fpront End designer Lo complement ezcn parzicular
furcoizrnal cbjest (=.g. 2 machine pregram) in such a Wavr
+nwat it ©Cenhaves as the Implaementad Machine Functional
Cperaticn. ihe set of IMO-Controllers canswitute the
configurable Applicatlon In-arface for the jrceracticn wWith
remote machlnes.

A.3.03 Tne Application EFront End.
The purpose of the Application Front End Service 1is c
provide a defined set of saervices for tae intsraction
between “he Implemented Applicatlon funct-icnal Entities anc
+he services of the Integratin Inira Structure.

A.3.04 The Data Management Front End
The purzose of the Data Management Eront nd Service 1s to
surport thne Implementad Data Storace Func=-ional Entitiss by
providing local data storage ané retrieval to be used 1
acssciation with System Wicde Data, zn ermabling Lthe
ipsarticn into CIM systems of DE!MNSs or c-ner mszans oI cat:z
starags in a stancdardized fasnion.

4.3.05 Tha Communicaticn Eront End.
The Communication Front End provides a n=ans for the 1lI:Z
Caryicas Yo a8CCeE=s transcarently the CSI Tavironment ©r the
private Communicatisn Envirsnment anc enznles <he toznsisrs
of information using real communicaticn systenm.

A 3.08 The Acziwvity Control Service.
The gurpecse ©of the Activisy Ccontrol Servics igs o provicde a
daefined set of services o contrsl, meonitor and S rvice tChe
{possibly ¢istributad) Enterprise Aerivities. The service
provides status information on Entercrise Actiwvities,
manages the evecution of Enterprise Activities and recoris
out of line situations from the executing Front Ends.

A.3.07 The Pusiness Control Service
The purpose of the Business Process Contrsl Service 1s to
provide the services to contral the (possibly distributed)
Business Processes. The service 'manages the exs@uticn of
Business Processes, contrels the sequencing and
synchronization of Enterprise Activities by invoking the
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A.3.08 The Resource Management Service.

Resourca Management Service has the purpose of cverall,
svstem-wide, management of the entercrise ra2sourc2s a3
required for the proper exscutlion cf BRBusiness Process
occurrences and their constituent ‘Entarzrise Aciivities.
Such manzcement may be achieved in either a centrziized or
distrisuted manner ({(according to user choice), by azsigning
respensibility for given (sub)sets of rescurces.tc sgecifizd
RBesource Management Services.
A.3.0¢ The System Wide Data Service.

The curpose of the Systam VWide Data Service is %o provila
rhe lccating of the da%ta, the ceonsistisncy of da*z 2n2 the
management of schema convarsicns The sarvics allcws &cc2:s
to dzza only to duly authorized reguesters and malintains
system wicde data and informaticn integrity accoIIiing &2
systams rule,

ol
1 5 [S] i us
uncencerned with <+the notion of nedes and hence woTn &Ll
networking issue and to kncw thelr cerrasponcents .Y i3
I1S Saryices Entities.
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TECHNICAL REPORT _ 103i4 Part ]

Reference Model for Shop Floor Production Standards

Paxt 1
A Reference Model for Standardisation and
a Methodology for Identification of Standards Requirements

Foreword

This report was creatad by ISO TC184/SC5/WG1 to help speed the timziy

.....

cevsiopment of standards in the field of industrial automation. The work is
being puniished in the form of a technical report tecause it is 26t possitin.
in wiew of the curren: state of the art of medelling for manuia cruring,
draw un an intemadcnal standard which would be complete and precigz and

“ net be too restrictive in this rapidly ¢hanging field. The report

2

Tz ,.-.,-.p. T

PR

s omiondee o a undiiinge and will e reviewed and ”‘J”'Tl\’IALC.j '.JLI'lC‘C ’"‘""‘-'.
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0 Iztroducticn

This repert Is intended to provide a tool to help identify and co-ordinate
present and future activities involving ISO an IEC standards work in the
field of industrial automation. Specifically, the Reference Model developed
within the technical report is to be applied to the area of Discrete Parts
Manufacturing. For the purposes of this report the word “manufacturing”
should hereafter be {nterpreted to mean Discrete Parts Manufacturing.
While the Reference Model may have applicatdon beyond the area of Discrete
Parts Manufacturing. the developers of the Reference Mode!l have not tested
the Reference Model in other areas of industrial autcmaton activittes.

Since the model and the methodology will need to be refined so as to adjust
to emerging technologies, a technical report rather than an intermatonal
standard has been chosen as the means of presentaton.

This techrical report does not tnciude the development of individual
standards themselves, but rather the establishment of a common
framewerk, {n terms of a Reference Model, to assist future standards
development.

The Reference Mode!l for standardisation must be:
* simply structured. flexible, modular and generc,
*  based upon readily available and acceptable terminolcgy.

*  able to be applied to a wide range of manufacturing operaticrs and
organisations, Tceognising the need to interface equipment and
systems to human beings,

* independent of any given, predetermined rezlisations In terms of
system conflgurations or bmplementations,

* open-ended in {ts ability to be extended, and In its abtlity to
encompass new technologles without unreasonably invalidating
current realisations -

* Independent.of exdsting technelogies fn manufacturing automation
and computer sclence.
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This Reference Mode! and its methodology are to be used to {denttfy arsas
for standardisation and will benefit organisations invoived in developlng such
manufacturing standards. It will also be of interest to the manufacturing
community consisting of both suppliers and users, but it Is not intended to
be a design for system Integration of manufacturing.

The report for the Refarence Model for Shap Floor Production Standards is

comprised of two parts. Part ) describes the Reference Model and

methodology for Identiflcation of possible standards requirements. It
‘addresses the following 1ssues: '

a)  a review of exdsting models and modelling methodologtes,

B!  the dertvation of an initial, generic, standards classification scheme
for manufacturing.

¢) the adeption of a functional view of 2 manufacturing enternrise.

d} the establishment of an initia] reference model according to the
results of a} - ¢},

e} the development of a methiocolegy for extracting areas of standz-ds.

Part 2 describes the application of this Referencs Model and methodolczy
WU2cUng areas of standards. It addresses:

it} the application of the methedclogy in order to danive 2 Fartcular lis:
of areas for required standards.

i} the identification of areas for siandards,
{11} the dedvation of standards requirements.

The separate development of Part 2 may show that modtfications are

necessary to the highly interrelated Part 1. Normal 1SO procedures will
address this issue.
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This document is Part 1 and consists of this introduction and seven
chapters. In Chapters 1, 2, and 3 respectively, the scope and the field of
application, description of terms and abbreviations are described. The
objectives of standardisation for manufacturing are described in Chapter 4.
Chapter 5 contains the Reference Model. Chapter 6 introduces the
methodolegy for applying the Reference Model to clarify and extract areas of
standards and this methodolegy is further amplified in Part 2. Chagter 7
provides an overall summary of the document.
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1 Scope and Field of Application

1.1 Scope

This report presents and describes a mezns of Identifying where new or
revised manufacturing standards may be required. It establishes a
Reference Model for Shop Floor Procuction. which Is then used as the
basis for developing a methodology for the identification and extrac:ion of
areas for standards. The assumpticns used to develop the Referencs
Model are:

* the field cf Interest is the manufac-ure of discrete parts and In
pardcular the production (physical realisation) of these parts,
* the Reference Mcdel neads tc be oren-ended sg that it can be
revised to Incorporate new techncicgies. and

. re Reference Medel needs to be goneric n nature so that it can
be appiied to a wide range of applications and is not directes 1o a
partcular organisational structure of manufactuning.

It s emphasised that the Reference Model:

* provides a conceptuzl framework for understanding
manufacturing and

. can be used to Identify areas of stancards necessary to intezrate
manufacruring systems. '

The Reference Model does not however provide a methodology for
designing. implementing. operating and maintalning any existing or
future manufacturing automaticn system. There may be a nezd to develop
cther Reference Models which can be used for those purposes, perhaps
based on the work described in this report. “The development of such
models is beyond the scope of this technical report.

1.2 Field of Application
Ti:e Reference Model described in this report is Intended for use in the

ldentification of standards within the Shop Floor Production area of
manufacturing.
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Manufacturing is perceived to be all inclusive, from customer orger
through to dellvery of the product. Twelve manufacturing functlens hase
been Identified as being a part of manufacturing. The following Is a list of
these twelve functions. together with ilustrative, non-exhaustive
activities typlcally related to these functions:

1) Corporate management., e.g.
¢ Direction of enterprise
s Strategic planning
¢ Feasibility study for investment
» Risk management

2) Finance, e.g.

» Financial planning

s Corperate budgeting
¢ Financial aczounting

3) Marketung and sales. e.g.
¢ Marketing research
Adverdsing
= Sales forecasting
» Sales scheduiing
* Pricing
¢ Sales (order, delivery. invoice)
+ Product service

*

4) Research and Development. e.g.
¢« R & D planning
» Baslc research
» Applied research
» Product development
e« Manufacturing development

125



S)

~1

8]

9)

Preduct design and Production enginezering. e.g.
* Define product specifications

* Prelimirary design and testing

* Detailed design

* Design analysis, test, evaluation

* Revise design

* Release design for production planrin

* Prcject management

* Process planning

* Programming of numerical control and pregammadle con=al
* Tooling

* Plant engineering

* Bill of material

* Quality assurance planning of prodt.c:.on

~* Production configuration

Froducton manzgsment e.g.

* Productien scheduling

* Proguc: and Inventery contol

* Production monitoring

* General maintenance request

» Coality control

* Cost conwrol and ¢ost management

Frocurement, e.g.

* Vendor performance
* Purchasin

* Receiving

* General stores

Shigping. e.g.
* Product storage
¢ Disaibution

Waste material treatment. e.g.

* Waste material precessing
* Waste material storage
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10) Resource management, e.g.
* Facility management
» Tcol control
* Energy management
* Time and Attendance
e Fac!lity security
* Health and Safety
* Environment control

11) Maintenance management, e.g.
' s Preventive maintenance
s Corrective maintsnance

12} Shop Ficor Producton, e.g.
= Material siore
» Transport material
« Transform material
e Incoming Inspz2cton
¢+ In-process gauging and testing
* in-process audit
+ Product audit

As shown In Figure 1 and described tn the definitions which fcllow in
Secticn 2.2. these funcions tend tc be grouped under three main
headings. Items 1) through to 4) are functions of the Enterprise
concerned with strategic long term planning activities. Items 3] through
to 11) are functions of the Facility. concerned with tactca!l planning of
the production process, resource management and product modelling.
The firal item. 12} Shop Fioor Production. s a functien which involves
the activities that actually create a physical product.

The twelve manufacturing functions are interrelated and a single
Reference Model covering all twelve functions would be desirable. After
careful study of exsting work. 1t was decided that the development of a
single Reference Model covering every function of manufacturing was not
manageable at this time.

The area of Shop Fleor Production on the cther hand has shown an
urgent need for and a willingness to adopt standards. The Reference
Model described in this technical report is {ntended to guide the
planning for and the development of standards to assist the integration of
an automated Shop Floor Production system. It s recognised that the
Shop Fleor Production function wil] be reguired to interface with
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functons {and their activities) outside the scope of Shep Floor
Procucton itself. Figure 2 is a clarification of how major functior.s of
manufacturing might be interrelated.

In the future, Reference Models for manufacturing that tnclude
Enterprise and Facility functions may be developed. Any future modelling
work in the area of manufacturing should take account of the Relsrence
Mode! for Shop Floor Production presented here and every effort snould
be made to ensure compatbility between the Reference Model fcr Shop
Floor Production and any Facility or Enterprise Reference Models that
may be developed.
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2 Terminology

2.1 General

A number of terms are described in this chapter to provide a better
understanding by the user of this report. These descriptions are
intended to be used solely In the context of this report and are not
intended to be general definitions.

2.2 Specific terms

2.2.1

]
ta
t3

2.2.3

Reierence Medel: a means of describing the activities and
ccmponents of manufacturing through the use of figurels) and
text.

Discrete Parts Manufacturing: svstems of furctons for
producing products or parts censisting of discrete elements.

Function: a grouping of several activities periormed to realise
some manufacturing objective.

Activity: a manufacturing process which causes some change in
imputs.

subordination In a hierarchical arrangement.

Enterprise: an entire manufacturing unit coensisting of a
corperate component and one or more Facility-components.
The corperate component is responsibie for interactions
between -ihe external environment of the Eaterprise and the
Facility or Faciiitles, -and also for the control of functiens within
the Facility or Facilities.

Faclity: a component of an Enterprise which excludes
corporate functons. The Factlity is responsible for providing
support and direction fcr Enterprise and Shep Floor
Production activities.
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2.2.8

2.2.9

2.2.11

Shop Floor Production: a component of a Facility whose )
function s directly related to the production of discrete parts
and/ or products.

Shop Floor Production Model: the basic model used to
describe the structure within Shop Floor Production.

Interaction: an interrelationship or interconnection berveen
the Subfects within Shop Floor Production, and also betwesn
the Subjects and Actions within or external to Shop Fioor
Production.

Generic Activity Model: a generic model used to descrize the
execution of activities within Shep Floor Producton and their
Interacdons with functions Interfzcing to Shep Ficor
Prcducton.
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3 Abbreviations

Several abbreviations are used in this report.

« GAM
e SrPM
e ST

e TF

» TP

s VE

Generic Activity Model

Shop Floor Production Model
Store

Transform

Transport

Verify
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4 Objectlves for Manufacturing Standardisation

4.1 Genera! infoermation
4.1.1 The objectives of standardisaticn
ISO has pointed out the objectives of standardisaticn as follows:
* mutual understanding
* health, safety, protection of environment
* interiace. Interchangeability
* fitness for purpose

* varieTy control.

4.1.2 The corcept of Standards ViewToints

The process of standardisation for mamlzctuning is to d2fine areas of
stancards. 1o select aspects to be stanfzardised znd to cafine sizncards

baseZ on the siate of the art. In this repert. the fotlowing Standzrds
Viewpoints (defined tn 4.2) have besn selected 1o idensi the nea-s of
standards in the manufzeiuring field dermved from the g=idance cf the
above [SO obj=cives:

* Safery

* Environment

* Compaubility

* Performance

* Operability

* Maintainability
* Reliabtlity

* Quallfications

* Description

These nine Standards Viewpoints, together with the Reference Model,
are used In the proposed methodology for extracting areas of
standards.
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4.2 Standards Viewpoints for Manufacturing

Nine Standards Viewpoints for manufacturing are defined as follows
and are to be applied to any area where standards may apply:

4.2.1 Safety Viewpcint

Safety is concerned with the effect on safety that normal and
erToneous operation of the manufacturing facility would have on the
cperating personnel, the equipment and the work in progress. It alsc
covers the need for traceability, that is the.ability to trace the
sequence of manufacturing precesses and components used n
manufacture. Hence define design and cperation standards to ensure
safe operation.

4.2.2 Environment Viewpoint

Environment {s concernied with the effect that operating entities Ccan
have on the physical environment both during the manuiacturing
activity itself and as a by-product of that activity. In each case both
normal and failure medes should be considered. Hence icentify
stancdards which define each effect, how it is to be measured and
norms for acceptable operation.

4.2.3 Compatibility Viewpoint

Compatibility is concerned with interchangeability and
interdependence, and addresses fssues related to interfacing. Fence
define design and operaton standards to ensure compadbility.

4.2.4 Performance Viewpoint

Perfortmance is concerned with the performance aspects which can be
categorised in terms of speed. quality of finish {output), rescurces

consumed etc. Hence ldentlfy standards to define these qualities and
appropriate speciflcations.
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4.2.5 Operability Viewpoint

Operability is concemned with all aspects of human Interacons with
the manufacturing envirccment. It Is essentlally concerned with easy
operation and the avoidance of improper operadon under both normal
and erroneous conditions. Hence define design and operation
standards to ensure easy and correct operation,.

4.2.6 Maintainability Viewpotnt

Maintatnability {s concerned with reducing downtime and the risks
and costs of evolution. It is very imporiant to enable easy rmaintenance
of all manufacturing constituents and the svsiem {tself, to maintzin a
known status for each manufacturing endty and its documentaticn and
10 support traceabiity where required. Hernce cefire cesign an<
operaton sizndards to ensure easy maintenancs.

%.2.7 Reliabiity Viewpoint

Reliability Is concerned with all aspects of how a system is designed
and operated to mes: specded levels of avallabilizy, This swars wits
the relizbiity of tndividual elements and compornents, and goes ¢y tc
the relizbility of the entire system and organisaticn. Kence defire
design and operation standards to ensure reliability.

4.2.8 Qualifications Viewpoint

Qualifications are concerned with the quality of personre! for
achieving the proper design and operation of manufacturing entides.
The viewpoint is essentially concerned with the training of operzzors
as qualifled experts. Hence define design and operation standarcs for
the quallfications of personnel for managing manufacturing activizies.

4.2.9 Description Viewpoint

Description {s concerned with all aspects of how the design and
operation of manufacturing entities are defined znd descobed to
provide all persons concerned with a means of mutual understanding.
It Is essentially concerned with the terminology. {dentiflcation and
description of documents. Hence deflne design and operation
standards to ensure mutnal understanding In the manufacturing field.
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5 The Reference Model for Shop Floor Production

5.1 General Information

This chapter describes the Reference Model developed to be used in the
tdentification of stzandards within Shop Floor Production.

___The Reference Model presented in the following three sections is in
mzny ways a synthests of a variety of existing models. Firstly the major
activities undertaken for manufacturing are identifed as a context for
Shop Fioor Production. Secondly a Shop Floor Producton Mode! (STPM!
{s presented which groups Shop Fleor actvities into hizsrarchical levels.
Thirdly a Generic Activity Model (GAM) is presented to model the various
activities within each level of the SFPM.

Each activity in Shop Ficor Production can be represented by an (nstance
of the GAM. The varous elements of the GAM will have cifferent
interpretaticns for any given activity.

The intent of this Reference Mode! is to assist in identiying where
sizndzrds may be required and the detail is not sufficient for otner
purposes such as providing a basis for designing or imgiementng a
manufacturing svstem. The Reference Model presznts a functional view
of the Enterprise. Facility and Shop Floor Production.

5.7 The Context of Shop Floor Production

Section 1.2 sets cut the scope of manufacturing. tdentifying 12 mazjor
functions. Figure ! shows one example of how Shop Flocor Produczon
takes place in a context established by those other functions. Accerdingly
interactions occur between many of the activities of Shep Floor
Production and those of the Facility. and to a lesser extent with those of
the Enterprise itsell. The methodology described later allows for these
interactions to be identified, In addition to the interactions occurting
within Shop Floor Production Itseif.
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5.3 The Shop Floer Producton Model (SFPM)

Shop Floor Production is distnguished from the other eleven
manufactuning functions identified in Section 1.2 by the fact that it
contains thos¥ activities which are directly engaged in preducing paris.
It Is commen practice to group these actvities {nto several levels.

In this repori. a four level model is selected to present the actvitles of
the Shop Flocr Production function. It is quite Ukely that specific
manufacturing implementations may require maore or less than four
levels, but four levels seern sufficient for the purpose of Identifing arezs
of standards.

Also this report identifies four types of manufacturing activity, each type
corresponding to each level of Shop Floor Productcn. There can b2 {and
generally are} several activities {n progress at the same time at each level
The types of activity are:

1] execute shop floor producton processes

2) command shop floor production precesses
3) co-ordinate shep floor producticn processes
4) sucervise shop fleor production trecesses.

The four level modei In Figure 3 illustrates the structurs of Shop Ficor
Producticn. Tnis model is called the Shop Floor Producticn Model
{SFrM). The figure shows the name of each level and the correspending
type"of acgvities at this level tegether with its descmipdon.

5.4 The Generic Activity Model (GAM)

This technical report approaches the modelling of U:ose characterisics
relevant to standards Identification within the SFPM through the ccncent
of an activity. A Generle Activity Model (GAM) as shown In Figure 4 has
been developed to model the executien of the various activities at each
level.

The internals of the GAM represent an Interrelated set of four Subjects
and four Actionis. The Subjects and Actions are defined belew:

136



5.4.1

a)

b)

d}

Four Subjects
Cantrol Information which includes:

(1) command information, normally flowing from a higher
level to a lower level, which initiates, alters or terminates
an activity,

(11} status Informaton which i{s generated (n direct response
to 3 command and normally flows in the opposite direction
to the command,

{111} request information which corresconds to contrsl
information for control interaction within a level {
peer). f any. and

peer tc

!

{iv) response Informadon which correspends (o status
information for conwol interaction withun a level (peer to
peer). Uf any.

Data: all Information other than control infermation requirec
for cr resulting frem the perferimance cf an zcuvity.

Material: Material is a production object of the the

manufacturing activity. Material includes all the physiczl

matter that enters the product during manufacturing: raw

materials, parts and assemblies, auxdlfary materials. preducts
nd scrap material.

Resources: Resources are all.the physical means required to
carry out the manufacturing that are nct Material. Rescurces
include transform. transport. verify and storage equinment;
tools and fixtures: data processing and communication
systerns: basic resources such as supply material, energy. space
and time; personnel.

Note: The generzl class of “Information” is deflned here to consist of
control information and data, that ts as the union of &} and b) above.

5.4.2

a)

Four Actions

Trazmsform: Theact of changing conirolindornaion, data.
to another form, or one
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State to another state. Transfocrm inclucsas enccCing or parsing
Informadon. decomposing commands. and cut tung. forming.
assembling. or adjusting material ¢r resources.

b) Transport: The act of moving control information. cdata.
material. or resources from one point in the enterprise to
ancther,

¢} Verify: The act of assessing the ccmpliznce of all transformed
centrol inforrmadon, data, material and rascurces to detm—nme
their conformance to a specificatien.

d) Store: The act of retaining control information, data, material
or resources at a specified location within Shep Floor
Producton or Facility until they are required to be transcoried.

The GAM describes the executien of actvities Iy terms of four
Subjects (Control Information. Data, Material, Resources) and fou-
Acdons (Transform. Transport. Verifv, Store). Tae GAM is developed
from a view that the realisztion of man viacturing zctvities can ba
represented in terms of these four Sukjects and Tzur Actisn

The representation of a given acuvity will be a scesific instance (an
instantation) of the GAM in which specific corrssponcances
(bindings) are established between the elements of the GAM (Susjects.
Acdons) and the entities which correspond to t:'*se elements for that
partcular manufacturing acuvity.

Not all elements of the GAM will be present In every instance - the
lowest level of Shop Fioor Prcduction for examzis does not have
commmand and status information for the non-exsient leve! below.

Major manufacturing activities may be decompesed inte (sublactivities
In a horizontal fashion (Into a series of further acuvities) or i a
vertical/ hierarchical fashion {into levels of activities). The GAM Is
generic in the sehse that It can be applied to all activities.
Establishing specific GAM bindings to particular manufacturing
activitles ylelds specific Subjects and Actions. The A- and B-type
procedures described in Section 6 can then make use of these specific
Subjects and Actions (n {denufving areas of standards.
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6 Methodelogy for extracting areas of standards

6.1 General Information

There are a number of interactions among activities, and among Subjects
and Actions within activitles, which are used to {dentify the area of
standardisation {n manufacturing. Therefere the methcdology consists of
examining the varicus activities, Subjects and Actions in various
relationships and connections to determine if a standards requirement Is
defined.

The goal of standardisation Is to permit more effective relationships and
connections berween two or more objects. In mzanufacturing. objects may
be machine-to-rmachine relationships and/ or connectons, ar man-to-
machine relationships and/ or interactions.

The Reference Model described in the preceding chapter {s essentially
declarative rather than precedural — that s it prasents a set of cancepts
and a hierarchical approach by which a manufacturing Enterprise can be
better understood. Tie Model defines useful manufacturing funczons.
characteristics and reladonships amcengst them. It is also necessary 1o
show how they can be used to identifv standards areas for manufacturing.

This chapter provides such a methodology for extracting areas of
standards.

6.2 Overall approach

The way in which the various elements of the Relerence Model are used
to Identify standards is flusteaied in Figure 5. The varjous activites of
manufacturing are grouped into twelve major functions. One of these,
Shop Floor Production, {s further modelled by a four level model. SFPM
(Figure 3).

The various activities at each level of SFPM can each be modelled by the
GAM (Figure 4). with each such instantiated mode! resuiting in bindings
for GAM concepts {Subjects, Actlons). The activitles of SFPM can be
combined into vertical and horizontal arrangements-and this fact is
recognised in the procedures of 6.3 which {dentlfy potential areas for
standards, each of which-can be represented by a cell entsy in the
matrices of Figure 6.
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Once a potental standards area has been identified (@ non-empty call
entry) it should be examined in the light of

*  the technologles of Interest, f.e. the technologles that might be
evident in the Subjects and Actions for that area. and

* the Standards Viewpoints deseribed in Section 4.2,

These two concerns act as filters which restrct areas of standards to
those which are realisable with current technology and which reflect the
objectives of standardisation.

€.3 Extraction Procedures

These procedures use the concepts of the Reference Mode! and describe
hew these can be examined to Identify potential ereas for standards. The
approach places streng emphasis on interaciens be-ween elements ¢f a
system. Conseguently it is expected to producs arezs of potential
standards which are prerequisites for systems Integration.

The various combiraticns in the Reference Modal alzded to above are
examined by applving the two kinds of precedures defined below teo each
of the Standards Viewpoints.

It is important to note that:

* each of the two kinds of procedure can be applied independently
of one ancther,

* the same standard might arise from applving different procedures
and

¢  the application of these procedures is not guarantead to produce
an exhaustive list of standards but rather to clarify areas of
standards.

6.3.1 Procedures A: the “Interrelationship within a level”
procedures

These procedures are used for extracting areas of standards for

Interrelationship between Subject and Acton, Subject .and Subject,
and Action and Action correspending to each level of the SFPM.
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For each actvity, these procedures should be applied to extract areas
where standards may apply.

Procedure Al: Subject-Action Interrelationship

For each activity in each level of the SFPM., consider any possible
Subject-Action interrelationship for applicable areas of standards.

Proéedurc A2: Subject Interrelationship .

For each activity in each level of the SFPM, consider any possibie
Subject-Subject interrelationship for applicable areas of standards.

Procedure A3: Action interrelationship

For each activity in each ievel of the SFPM, consider any possible
Action-Action interrelationship for applicable areas of standards.

6.3.2 Procedures B: the “Exismal” procedures
These proecedures are used for extracting areas of standards for
intarrelationship between activities for both vertcal and horizontal

stracture.

For each activity these procedures should be applied to extract areas
where siandards may apply.

Procedure Bl: Borizontal interrelationship

For each level of the SFPM consider any possible interrelationships
berween Shop Ficor Production and other manufacturing functions

(the context functions 1..11 of 1.2} for applicable areas of standards.
Procedure B2: Verticel interrelationship

For each level of the SFPM consider any possible Subject

tnterrelationship with the level above and below fgr applicable areas
of standards, and hence relevant Subject attributes.
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6.4 Matrix Representation of Identification Procsdures

Corresponding to each procedure (A1, A2, A3, Bl. B2] it is possible to
envisage a matrix which represents that procedure graphically. These
are shown schematically in Figure 6. Each cell of each matrix represents
a potendal area for standards. Similar matrices are used in Part 2 of this
report to show the standards areas identified through the application of
these procedures, as well as workshests for other users of the Reference
Model and its methodology.
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7 Summary

This document is Part 1 of a report on a means to identify where industrial
automation standards for Shop Floor Production may be required. It has
described a Reference Model which may be used as a systematic method for
datermining areas for standards deveiopment work. Part 2 of the report
describes an application of the methodology which utilises this Reference
Model in identifying these areas, catalogues them and cross-references
them with standards already completed or In the process of development.
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Enterprise * Comerate management
Finance
Marketing & Saies
Resean & Deveicpment

Facility * Preduct design &

Producticn Engineering -

Procducticn managemen:

Frocurement

Ehigping

Wasie matenial freatment

Rescurces manzagemeny

Miintsrance mznagemeant

Shep Fioer Predustion

Sheo Ficer Proceztion

Figure 1 - Typical Grouping of Manufaciuring

* The combination cf Enternrise and Facility ferm the
ccriiext of Shep Floor Procuction as descrized in 5.2
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Level Sub-Activily Reszonsibility
4 Seciion Supervise shop Supervising and ce-ordinating the
IAraa flcor procuciion procusiicn and sutponting ihe jebs
process and otiaining and alocating rasources
fo the jcbs
3 Cell Co-ordinate shop Sequencing and sucervising
floor procuction the jcbs at the sheg Toar
process producicn frocess
2 Staien Command shzp Directing and co-grzinating
fiour praduciizn the shco llocr procushion proi2ss
process
1 Ezoicment Execute shepn Execiting the job of smep foer
ficar prociuciien preduction acserding 1 COMmMEnRSs
Process

Figure 3 - Shop flcer preduction medel (SFPM)
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Information ** Resources .

Material *

Information ™ -
—_— {TP, TF, VE, ST}
Resaurces
e —————r—
Y
Information ** Resources

* Acticns {TP, TF, VE, ST} on Matenal are
defined only at Level 1

TP = Transport
TF = Transiorm
VE = Verly
ST = Store

* * Information is defined in the text {0 incluce
both control and data components.,
For sinct hierarchies, horizontal
Information flows are restncied to data
components

Figura 4 - Genaric Activity Model
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Matrix Representing
Areas of Potential Standards

Figura 5 - Overall Approach to identifying areas of stancards

NOTE: Part 2 will alsc use concepts of approsriate technolegies and
Slandards Viewpoints 1o resirict potential areas for stzndards
into those which are practical and desirable.



A1 : Subject - Action
For each level,
consiger ~—

A2 : Subject - Subject
For each ievel,
conser —

A3 Actica - Action
For ez=hlevel,

consider —

BY : Hegazonia
For each ievel,
consider —

B2 :Verica
For gach level,
consider —

Shop Floor
Production

Subjects

Subjocts Actions

Actions

Subjects

Subjec's

1
i
i 4
[

Context Funcizns

- ==t -

Subjecis in
oiher levels

AR
Vot
Yoo d
[

Figure & - Matrix representation of identification procedures

149







F53)

Status of PDES -related activities

151






U.S. DEPARTMENT OF COMMERCE
National Institute of Standards and Technology

- NISTIR4432 - oo

National PDES Testbed
Report Series

Status of

- PDES - Related
- Activities
(Standards & Testing)
Cita Fudani
U.S. DEPARTMENT OF Joan Wellington
COMMERCE Sharon Kemmerer
Robert A. Mosbacher,
Secretary of Commerce
National Institute of
Standards and Technology
John W. Lyons, Director | ST F o,

. §
October 1990 % %
to

153



Table of Contents

L Inmoducton .. ..o 1

II.  Standards Organizations Developing STEP ..............000vuurnnr. ... 1

ISO Committes TC184/SC4 .. ... .. et e 1

IGES/PDES Organization . ..........ovuiuitieennnrnn e, 3

ANSI U.S. Technical Advisory Group .......vvvveeen s, 5

IIL  Standards Activities Related to STEP or PDES ................. [P 5

NIST-Wide Product Data Exchange Task Group .. ... vvevvn oo nn. .. 5

Digital Representation of Product Data Standards Harmonization Orgamz.auon .. 6

Navy/Industry Digital Data Exchange Standards Committee (NIDDESC) ....... -6

ASME Standards Development Committee Y14 .. ... .. ...ovuenn oo, ... 6

Mathematical Definitions of Dimensions and Tolerances .. ................ 7

Apparel Product Data Exchange Specification . . ................00.oo.... 7

Application Interface Specification . ..........o.uouruiin T

" Dimensional Measurement Interface Specification ........ e 7

IV. Testing AcHVIHES . .. .. uuuten i oo e 7

National PDES Testbed .. ..., ..o 8

PDES,Inc. ..., ..., e 8

CALS Test Network ..o vui i i e 9

IGES Testing .. ooovit e it et e e e e e Y

Federal Information Processing Standards .. .......ooouensnnnnnn. .. 9

VI International PIOGTAMS .. .vuvevesnon e oo e 10

Commission of the European Communities . ... ...........0uvunrrnn.... 10

Conformance Testing Services (Phase) TWO .o vvvvins e oo 10
European Strategic Programme for Research and Development in Information

Technology (ESPRIT) ... .uiuin e i iee oo 11

STEP/ENV (Draft European Standard) .. .....vvt o esmnne e, 11

Advanced Project for European Information Exchange (APEX) ... ........... 12

Japanese STEP Translator Development Project .. ...................... 12

Computer-Aided Manufacturing - International (CAM-I) ......... ... .. ... 12

A European Computer Integrated Manufacturing Architecture (AMICE) ....... 13

VIL Summary ...t 13

Acknowledgements ........... .. .. .. 13

References .. ... . 14

Additional Reading ...... ... ... .. L 16

AppendiX ... 17



STATUS OF PDES-RELATED ACTIVITIES
' (Standards & Testing)

Cita Furlani
Joan Wellington
Sharon Kemmerer

L. Introduction

This report describes the standards and testing activities that relate to PDES (Product
Data Exchange using STEP). PDES is the name given to the United States organizational
activity that suppons the development and implementation of the intemational Standard for
the Exchange of Product Model Data, informally known as STEP. The definition of PDES
was made more explicit in March 1990 by altering the meaning of the acronym from its
earlier one, "Product Data Exchange Specificadon.” :

Much of the information in this paper was originally collected as part of the
Justification for a national initiative to i plement automated product data sharing, Other
papers describing product data sharing in various industrial sectors were also produced and
the set will be published in late 1990.

I.  Standards Organizations Developing STEP

A number of organizations are working both nationally and internationally to develop
an exchange specification for product data, known as STEP. This section describes the
efforts of three of these organijzations and their relatonships [Figure 1]:

* ISO Committes TC184/5C4,
+ IGES/PDES Organization, and
* ANST U.S. Technical Advisory Group.

ISO Committee TC184/SC4 - In 1983, the International Organization for
Standardization (ISO) reached unanimous agreement on the need to create a single
international standard which would Tepresent a computerized product model in a neutral form
throughout the life cycle of the product without loss of completeness and/or integrity.

In December of that year, the ISO inidated Technical Committee 184 (TC184) on

Industrial Automation Syswems and formed Subcommirtee 4 {8C4) to work in the area of
representation and exchange of digital product data [1].
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Today 26 countries are involved in the work of SC4, 18 are participating members (P-
members), and 8 are recognized as Observers. The United States is a P-member, and as such,
has one vote on issues before SC4. The SC4 Secretariat is currently held by NIST [2].
Technical support for SC4 comes predominantly from Working Groups (WG2-7).

IGES/PDES Organization (IPO) - Within the United States, technical activities to
support the development of STEP have been ongoing since 1985. The U.S. organization
which has led these activities is the IGES/PDES Organization [3]. The IPO is composed
of over 550 volunteers from government, industry, and academia and is chaired by a
representative from the National Institute of Standards and Technology (NIST).

The concept for the development of a standard such as STEP grew out of an earlier
effort by the IPO known as IGES (Initial Graphics Exchange Specification). The goal of
IGES was to develop a neutral data format which would allow the digital exchange of
information among computer-aided design (CAD) systems.

The first version of IGES was published in 1980 and was adopted as ANSI (American
National Standards Institute) Standard Y14.26M in 1981. Additional versions of IGES were
issued in 1983, 1986, and 1988. The last two were adopted as ASME/ANSI standard
Y14.26M-1987 and ASME/ANSI standard Y14.26M-1989, respectively. IGES Version 5.0
was released in September 1990 [4].

With IGES, the user can exchange product data models in the form of two- and three-
dimensional wireframe representations as well as surface representations. Translators convert
a vendor’s proprietary internal database format into the neutral IGES format and from the
IGES formar into another vendor’s internal database. The IGES effort has not focused on
specifying a standardized information model for product data. IGES technology assumes that
a person is available on the receiving end to interpret the meaning of the product model data.

Members of the IPO, drawing on experience gained with IGES, recognized that a
more sophisticated standard would be required to support the integration of different types of
product life cycle applications. In 1985 a formal study, calied the PDES Initation Effort, was
begun which established a framework and methodologies for the subsequent PDES activities.
The PDES effort is focusing on developing a complete model of product information that is
sufficiently rich to support advanced, state-of-the-art applications [5].

Approximately 250 technical representatives from the United States and other
countries meet four times a year for a week ar a time to address IGES/PDES/STEP-related
technical issues. Twice a year, these IPO Quarterly Meetings are held concurrently with ISO
Committee TC 184/SC4 working group meetings. Many of the technical participants from the
U.S. and other countries are active in both organizations.

In November 1988 the PDES development work [6], which included the Integrated
Product Information Model (IPIM), was preseated as a working draft o ISO Committee
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TC184/SC4. The Committee voted to register the working draft with the ISO Secretariat as
Draft Proposal (now Committee Draft) 10303 and send it to all participating countries and
liaisons for ballot. This international Committee Draft is unofficially named STEP--the
Standard for the Exchange of Product Model Data.

It is important to note that the U.S. is not pursuing a separate national standard
through the ASME Y14.26 Committee as has been done with versions of IGES. The PDES
strategy is to gain international consensus on STEP and then adopt this work under ANSI
procedures. This supponts the SC4 Committee’s development plan of one standard for
worldwide use,

Figure 2 depicts the ISO standardization process, the U.S, role in this activity, and the
follow-up process of nationalizing the international standard.

ANSI U.8, Technical Advisory Group - The American Natonal Standards Institute
(ANSI) is the recognized U.S. representative to ISO and provides the basis for U.S.
participation in the international standards activities relating to STEP. To ensure that the
positions on standards that are presented to ISO are representative of U.S. interests, ANSI
established a mechanism for the development and coordination of such positions. The body
which develops national standards in a particular standards area determines the U.S. position
in related international standardization activities. Such bodies are designated by ANSI as
"U.S. Technical Advisory Groups” (TAGs) for specific ISO activities.

The current U.S. TAG to TC184/SC4 was formed in 1984. Its membership is
primarily comprised of technical experts from the IPO. This type of representation ensures
that the technical changes that the U.S. believes are necessary are submitted to ISO for
consideration at regular TC184/SC4 meetings and through the ballot process. NIST currently
serves as Administator for the TAG.

To foster a better appreciation for the international and natonal standardization
environment in which STEP will play a part, a wtorial on the generic processes is included as
an Appendix. :

III. Standards Activities Related to STEP or PDES

NIST-Wide Product Data Exchange Task Group - NIST founded the NIST-Wide
Task Group to facilitate its work in providing integrated and effective service to U.S.
technical and industrial communities who are recognizing the importance of the emerging
technology and standards associated with electronic product data exchange to U.S.
competitiveness and defense preparedness. The membership of the Task Group consists of
technical-professionals actively engaged in tesearch, technical development, standards
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adoption, and validation testing of product data exchange specifications, implementations, and
applications, Members represent the spectrum of NIST interests.

Digital Representation of Product Data Standards Harmonization Organization -
This is a new organization reportng to ANSI [7]. The goal of the organization is to
facilitate the development of electrical and electronics digital product data standards, with
initial emphasis on electrical/electronic product data and its relationship 1o STEP. The
Executive Board is composed of representatives from organizations that develop and approve
electrical and electzonic product definition standards. In addition to the Executive Board, the
organization consists of a Business Needs and Planning Council, a Standards Development
Coordination Council, and a Teols and Technology Council.

NIST’s Center for Electronics and Electrical Engineering plans to establish a testbed to
support the testing requirements identified by the Tools and Technology Council. In additon,
NIST is responding to needs for a government-sponsored electronics components data library.
Workshops are being scheduled to explore topics such as applicable standards, commercial
interests, and existing Department of Defense (DoD) projects.

Navy/Industry Digital Data Exchange Standards Committee (NIDDESC) -
NIDDESC is a cost-sharing venture between private firms and government organizations
[8]. This effort arose from the Naval Sea Systems Command (NAVSEA) in cooperation
with the National Shipbuilding Research Program. The members include leading
professionals in the marine industry from major design firms, private shipyards, naval
shipyards, and government laboratories. All members are directly involved in CAD/CAM
(computer aided design/computer aided manufacturing) in their organizations and together
represent a broad spectrum of experience and perspectives.

NIDDESC has subcommittees devoted to specific areas of digital data transfer. The
basic objectives are to develop an industry-wide consensus on product data models for ship
structure and distribution systems, and on the digital exchange of product model data. Efforts
include contributions to IGES, STEP, and the PDES actvity, preparation of a Recommended
Practices Manual, and the analysis of ship production data flows. NIDDESC has made
contributions to the development of DoD standards including MIL-STD-1840, MIL-M-28001
{SGML: Standard Generalized Mark-up Language), and MIL-D-28000 (IGES).

ASME Standards Development Comumiittee Y14 - This is an ANSI-accredited
standards making body of the American Socicty of Mechanical Engineers (ASME). It
develops standards for engineering drawings and refated documentation practices. Some
versions of IGES are submitted for national standards approval via Subcommittee 26,
Computer-Aided Preparation of Product Definiton Data.
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Mathematical Definitions of Dimensions and Tolerances - The Y14 Committee
formally established working group Y14.5.1 at its meeting in May 1990. This group has been
meeting as an ad hoc committee for over a year. It is working on a document that "presents
a mathematical definition of geometrical dimensioning and tolerancing consistent with the
principles and practices of ANSI Y14.5, Dimensioning and Tolerancing, enabling
determination of actual values.” A draft standard is expected to be issued within a year.

Apparel Product Data Exchange Specification - The Computer Integrated Manufac-
turing Committee of the American Apparel Manufacturers’ Association has been approved by
ANSI as an accredited standards-setting organizaton. The Commitiee has established a
working group on neutal file representation of apparel product data. Plans call for
establishing a short-term guideline of using as a de facro standard one of the commonly used
proprietary formats, but to develop extensions to STEP for apparel as the long-term solution.
The work at this point is focused on establishing functonal requirements for an exchange
format: basically, how much of the apparel life-cycle should be supported. NIST, under
sponsorship of the Defense Logistics Agency, is supporting this effort. NIST has utilized the
STEP methodology in preparing a draft specificadon for 2D pattern making [9].

Appilication Interface Specification (AIS) - The CAM-I (see page 12 for CAM-I
description) Product Modeling Project is &ying to establish the AIS as a standard interface to
product modelers (formerly known as geometry modelers). AIS was recently redefined in the
STEP specification language {(Express), and there are strong efforts within both CAM-I and
the STEP comrunity to integrate AIS with the STEP Data Access Interface Specification
{SDAIS). AIS will be released under ANSI procedures as a draft standard for mal use.

Dimensional Measurement Interface Specification (DMIS) - DMIS, developed by
the CAM-I Quality Assurance Project, was approved recently as an ANSI standard. It
specifies an APT-like language for two-way communication of inspection information
between inspection equipment and a CAD environment. DMIS includes a substantial amount
of geometry and tolerance definition, which overlap STEP capabilities, as well as control and
measurement result constructs. CAM-I now plans to reorient DMIS around its Application
Interface Specification, which will bring DMIS much closer to STEP,

IV. Testing Activities

There are two types of testing activities: 1) testing a standard itseif and 2} testing
implementations to a standard [10]. The Nadenal PDES Testbed, PDES, Inc., Computer-
aided Acquisidon and Logistic Support (CALS) Test Network, and the PO Testing Project’s
Application Validation Methodology Committee are all involved with testing product data
standards.

161



Conformance testing is the testing of a candidate product for the existence of specific
characteristics required by a standard specificadon. It includes testing the extent to which an
implementation is a conforming implementation [11]. ISO TC184/SC4/WG6 on
Conformance Testing is working to establish conformance criteria for STEP [12]. Three
subcommittees of the IPO Testing Project (Testing Methodologies, Interoperability Testing
Methodology, Test Case Development), NIST Federal Information Processing Standards
(FIPS) testing and the National PDES Testbed, are providing means of testing
implementations to the standard through conformance testing.

National PDES Testbed - NIST established the National PDES Testbed at its
Gaithersburg, MD site in 1988 to support PDES/STEP development activities. Under the
sponsorship of the DoD CALS program, the Testbed has assumed a critical role in the
development of STEP. The goal of the Testbed is to provide technical leadership and a
testing-based foundation for the rapid and complete development of a STEP standard [13].

The staff of the National PDES Testbed recognize that establishing a STEP standard is
very much a consensus-building process. It can only be achieved with support from, and
cooperation among standards organizations, industry, government, and academia, The
National PDES Testbed is working closely with representatives from all of these different
sectors.

Some of the major objectives of the National PDES Testbed are to

* Idendify the types of computer applications which will use STEP and model the data
used by the applications,

» Specify the technical requirements of these systems with respect to STEP,

* Validate that the STEP specifications satisfy the technical requirements of those
systems,

* Design and implement prototype systems which support testing and provide a
foundation for future development efforts,

* Maintain control over the many versions of specifications, software tools, and test
procedures/data generated by the standards and technical development
activides,

* lmprove communication and interaction between the various programs and
organizations which have a stake in the development of STEP,

* Develop conformance testing procedures which can be used by independent testing
laboratories.

PDES, Inc. - In April 1988, several major U.S. technology companies incorporated as
PDES, Inc. [14] with the specific goal of accelerating the development and
implementation of STEP. In August 1988, the South Carolina Research Authority (SCRA)
was awarded the host contract to provide technical management in the implementation of the
program. The technical participants provided by the PDES, Inc. member companies and
SCRA'’s subcontractors are under the direction of the PDES, Inc. General Manager from
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SCRA. NIST is a government member and provides a testbed facility and technical team
members to support the PDES, Inc. effort. PDES, Inc. maintains continual coordination with

the IPO.

PDES, Inc. has 2 multi-phased plan for the acceleration of STEP development. Phases
I and II of the plan are each defined to be eighteen-month efforts. The Phase I focus was on
testing and evaluating a subset of the December 1988 Committee Draft. The emphasis of the
testing and evaluation effort has been placed on a data exchange implementation of
mechanical parts and rigid assemblies. Phase II, which began in March 1990, focuses on
identifying software implementation requirements, construction of prototypes, development of
additional context-driven integrated models (CDIMs) for small mechanical parts, and
broadening the program scope to include such areas as electronics, sheet metal, and structures.

CALS Test Netwark - In January 1988, the Air Force was tasked to take the lead in
planning and coordinating testing of CALS standards. The DoD CALS Test Network (CTN)
was established, with lead management at the Air Force Logistics Command [15], The
goals of the CTN are to test, evaluate, and demonstrate thoroughly the use of CALS standards
in ways that will support accelerating their use and implementation into the digital technical
data delivery process for DoD’s weapon systems. The CTN performs user-application testing
and supports creation of other testng capabilities. The CTN has evolved into a 90-member
confederation of industry and government agencies dedicated to supporting that goal.

IGES Testing - IGES has had no conformance requirements in the specification,
however the IPO Testing Project has introduced conformance requirement language in IGES,
Version 5.0.

NIST sponsored the Society for Automotive Engineers to conduct a testing program
for IGES. The IPO Testing Project is evaluating the program’s merits and initial testing
results, while the IPO Steering Committee is considering "next steps" for IGES testing.

Under the auspices of the CALS Test Network, MIL-D-28000 {16] Class I and II
drawings are to be tested by the David Taylor Research Center in 1990, while developing a
master test pian for MIL-D-28000 for future years.

Federal Information Processing Standards (FIPS) - The National Computer Systems
Laboratory (NCSL) at NIST participates in the development of U.S. Govemnment-wide
standards for computer software, hardware, data management, networks, and security. NCSL
works through voluntary industry standards organizations to develop standards that will meet
the needs of Government users and can be implemented in off-the-shelf commercial products.
Those standards that promise sizable benefits to the Government are issued as FIPS.

FIPS and the specifications they adopt are implemented into computer products.
Through past experience in research and testing, NCSL sees a need for expansion of its
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efforts in stucturing conformance testing to these FIPS, and is in the process of formulatng a
program.

SGML (Standard Generalized Mark-up Language) and SQL (Structured Query
Language) are two standards being utilized by PDES activities. They can be used as
examples of how NIST can support the testing of standards:

SGML - As a 1987 CALS deliverable, NIST developed an SGML validation suite and
reference parser. Lhese are both public domain and available through the National Technicai
Information Service of the Department of Commerce [17]. A Commiitee in ANSI X3v1
is currently develrping standardized test cases under the "conformance testing initiative.”
These test cases, as they are approved, will also be publicly available as a reference
application to test for conformance to SGML.

SQL - A test suite, version 2.0, was released in January 1990. This suite tests
compliance with FIPS 127, Database Language SQL [18]. Approximately 60 vendors,
integrators, standards organizations, and certification agencies presently use the SQL test
suite, Version 2.0, or its predecessor, Yersion 1.2 (which was released May, 1989) [19].
A commercial conformance tesiing service began at NIST in April 1990.

V1. International Programs

Commission of the European Communities (EC) - The EC is acting swiftly and
deliberately to turn the twelve European countries into a single, integrated market of 320
million people by the end of 1992. The basis for this effort is a 1985 EC White Paper
entitled "Completing the Internal Market.” That paper sets a timetable for the measures
needed to ensure the free circulation of persons, products, service, and capital among the
twelve member states. The EC already initiated a program to eliminate the many differing
nadonal standards and technical regulations; it has drawn up more than 200 EC directives
aimed at harmonizing the various national requirements [20].

The task of establishing European technical standards for products will be left to
European standardization bodies set up by industry and other European governments. [n the
absence of standards to be harmonized or cited, these organizations are to develop standards
nased on international standards developed by such groups as the International Organization
for Standardization {ISO) and the Internatonal Electrotechnical Commission (IEC).

Conformance Testing Services (Phase} Two - In support of the EC economic goal of
1992, the United Kingdom, Germany, and France are collaboraung on a common objecdve
for CAD/CAM systems data exchange interfaces: to provide harmonized conformance testing
services within Europe for the transfer of product models between different CAD systems
using neutrai formats. Started in December 1988, this service will be ready for use in time
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for the approval of ISO STEP and will offer interim services for IGES (US-based), VDAFS
{German-based) and SET (French-based). Both the development of the test tools and the
establishment of operational Testing Laboratories offering testing services are covered in the
project. In addition to the three full partners, there is one associate partner, Sweden, a non-
EC participant. Beyond national commitment of resources and money, the EC members are
funded by the Commission of the European Community.

Established as a multi-phased project, the current phase is commonly known as CTS2,
Conformance Testing Services (phase) Two [21]. This is a three-year program
completing its second year. {NOTE: The IPO Testing Methodologies Committee under the
IPO Testing Project committed to harmonize the procedures and policies being developed
-under the CTS2 banner. This commitment was made at the April 1990 meeting, }

European Strategic Programme for Research and Development in Information
Technology (ESPRIT} - The EC defined ESPRIT after a thorough analysis undertaken in
close liaison with industry in 1982 and 1983 [22]. ESPRIT has the following three

objectves:

« Provide Ewropean Information Technology industry with the basic technologies to
meet the competitive requirements of the 1990s;

* Promote European industrial cooperation in Information Technology; and

+ Pave the way for standards.

The first phase of the ESPRIT Program started in 1984, The total R&D efforts of the
first phase amounted to 1,500M ECU (1 ECU = $1.10), 50% of which were born from the
Community budget, the other 50% by the participants in the Program.

The Program is implemented by projects selected from public calls for proposals and
based upon the annually updated Workplan. The Program comprises collaborative pre-
competitive research and development projects, carried cut across frontiers by comrmunity
companies, universities, and research institutes.

The second phase was initiated in 1988. It is a larger scale operation, but still uses
the same mechanism as before: the cost-sharing between the Community and partners, the
consensus-building, the Workplan and the on-going assessment principle. The total for this
phase is 3,2000M ECU, of which 50% is allocated from the research budget of the
Community - about 5% of the R&D expenditure in the Information Technology industry.
However, relative to the precompetitive part of R&D, its share is much larger, and it has
played an imporiant catalytic role in stimulating a growth of total R&D invesmnent.

STEP/ENV (Draft European Standard) - This is a CEN/CENELEC (European
Committee for Standardization/Eurcpean Committee for Electrotechnical Standardization)
project to

11
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- Establish European requirements for implementation and use of STEP,

* Define a framework for European implementation of STEP and any necessary
companion standards, and

» Publish an ENV based on STEP.

Participants are Belgium, Denmark, Finland, France, Germany, Netherlands, Norway,
Sweden, and the UK [23] .

STEP/ENYV is not intended to be different from STEP in any way -- it is a mechanism
to allow the STEP standard to be published and harmonized throughout Europe. The
project’s current mandate finishes in September 1990. STEP/ENV was to be prepared and
published in July 1990. It was to consist of a "cover page’ attached to whatever is available
from ISO TC184/SC4 in Committee Draft or Technical Report form after the June, 1990

Goteborg meeting.

Advanced Project for European Information Exchange (APEX) - This is a five-
year program which began in 1986 with an expected total expenditure of $30M (U.S.). Its
members are primarily aerospace industries from Italy, France, the UK, Spain, and Germany,
There are four projects: procurement, email, product support of technical documentation, and
design engineering. The objective is to develop, qualify and match methodology to products
and in turn to services, all based on ISO standards. The design engineering project manager
is now (since Paris, 1/90) attending ISO/STEP meetings to coordinate with ISO TC184/SC4
activites.

Japanese STEP Translator Development Project - This is a four-year project that
was launched in FY90. The total anticipated cost is $6M (U.S.). It has not been determined
(as of the date of this paper) whether they will be writing prototypes or products.

Computer-Aided Manufacturing - International (CAM-I) - CAM-I is an
international not-for-profit consortium whose purpose is to advance computer-based
manufacturing technology and standards [24]. Its work primarily consists of funding
research projects and standards activities, Participation in CAM-I activides generally requires
that the organization join the consortium and pay a general membership fee. Member
organizations send representatives to periodic CAM-I meetings to establish the technical
direction of CAM-I programs.

Current STEP-related programs in CAM-I include Advanced Numerical Control,
Quality Assurance, Product Modeling, and Process Planning. CAM-I has shepherded the
DMIS (see page 7 for more description) into its adoption as an ANSI standard. CAM-I is
actively pursuing adoption of its AIS (see page 7) as a standard software interface to
CAD/Solid Modeling systems. To this end, representatives from CAM-I have been
participating in STEP committee meetings in a harmonization effort.
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A European Computer Integrated Manufacturing Architecture (AMICE) - The
objective of project 688 of the ESPRIT Consorium AMICE is to design an open systems
architecture for CIM: CIM-OSA (Computer Integrated Manufacturing - Open System
Architecture) [251{26]. Twenty-one major European companies in AMICE have
joined to produce this framework for enterprise integration in manufacturing. The proposal
they have submitted to the ISO committee on Systems Integration and Communication
(TC184/SC5/WG1 [27)) consists of three dimensions in a 3X3X4 arrangement. One
dimension goes from generic to particular. The second dimension represents three stages in
the development process from design to implementation. The final dimension represents four
different views from the functional to the organizational.

VII. Summary

This report has briefly described the roles, relationships and technical goals of the current
standards and testing activities that relate to product data exchange using STEP. A
bibliography is given as a resource if more detailed information is desired about one or more

of these activides.
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Appendix

National and International Standards Processes

ISG Procedures. (source: Cargill, Carl F., Informaton Technology Standardization Theory,
Process, and Organizations, Digital Equipment Corporation, Digital Press, USA, 1989.)

The International Organization for Standardization (ISO) was established in 1946, as a
completely voluntary organization. The purpose of ISO is to facilitate the
international interchange of goods and services, and to encourage cooperation in
economic, intellectual, technological, and scientific endeavors. It is this broad range
of interests and concems that qualifies ISO as the premier standards organization in
the world.

The process of creating an international standard is relatively lengthy, but it ensures
that consensus is reached. However, in the case of a contentious or complex subject,
especially, the leadership and the membership of the originating committee becorne
vitally important if the proposed standard is not to die in internecine wars.

A proposal for a new work itern (NW1) is drafted by a P-member, SC, or liaison
organization and submitted to a TC for ballot for acceptance. If it passes this first
hurdle, it is assigned to an SC for standardization activity. Usually, 2 WG of the SC
creates a Working Draft (WD) and forwards it to the SC for vote. If the SC vote
indicates that consensus has been achieved, the WD becomes a Committee Draft (CD),
which is then registered and circulated to the full TC. If there is consensus on the
CD, it is forwarded to the Central Secretariat for registration as a Draft Intematonal
Standard (DIS). The Central Secretariat verifies that the DIS meets the requirements
of an ISO standard and then circulates it among ISO members for their review and
approval; again, consensus is of paramount importance. After receiving the approval
of a majority of TC members and 75 percent of ISO voting members, the standard is
submitted to the Council for publication as an International Standard (IS).

ANSI Procedures. (source: Cargill, Carl F., Information Technologv Standardization THcorv,
Process. and Organizations, Digital Equipment Corporation, Digital Press, USA, 1989.)

ANST is the primary interface with the U.S. government on matters relating to
standards, providing a mechanism by which the organization and company members
can make their needs and desires known to the legislative and regulatory agencies.
ANSI is also the recognized representative to ISO and the IEC (International
Electotechnical Commission), the two major international nontreaty standards
organizadons. The following process outlined, is generalized and may vary depending
on the standards group involved. It does give an idea of the checks and balances that
are built into the system. In this description, the term "Accredited Standards
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Committee” (ASC) will be used to refer to Accredited Organizations and Accredited
Canvass groups as well as ASC’s. Thus, "ASC" refers 1o the three types of accredited
standards-developing organizadons.

A standard begins as a Project Proposal, which may be developed and submitted to an
ASC by any individual. The proposal usually is reviewed within the ASC to
determine if it fits within the mission of the ASC, as well as to review economic and
functional validity. If the ASC believes that the proposal is valid, the full committee,
Or a representative portion, votes on it. If the vote is positive, the proposal is assigned
to an appropriate ASC subcommittee, and the ASC Secretariat usually issues a press
release soliciting technical contributions and membership. The subcommittee then
develops a calendar and work plan and begins work on the proposal. When the draft
proposed American National Standard (dpANS) is completed, the ASC community
votes to determine if the document is ready for public review. The dpANS is also
liable to review by an ASC subcommittee to verify that it complies with the approved
proposal that started the development process. After the ASC review, the dpANS is
ready to be forwarded for open public review.

The ASC Secretariat initiates public review of the dpANS. The ANSI publication
Standards Action provides a brief description of the standard and announces that it is
available for review and comment for the next four months. (It is during this phase
that the concept of consensus comes into critical play.) Once consensus is reached,
the full ASC votes on the proposal via letter ballot. The ASC Secretariat then
forwards the proposal to the ANSI Board of Standards Review (BSR), which verifies
that due process was observed and that consensus was, in fact, achieved. When the
BSR is satsfied, the dpANS is approved and published as an American National
Standard.

The National to International Link. (source: Procedures for U.S. Participation in the
Inrernational Standards Activities of the ISO, Approved by ANSI Board of Directors, March

19, 1986.

Participation in international standards activites of interest to members of ANSI
requires membership in the two nontreaty standardization organizations, ISQO, and IEC.
For discussion on PDES, NIST will address the relationship specifically berween
ANSI and ISO, of which ANSI is the U.S. member body. To assure that positions
presented to ISO are representative of U.S. interests, a mechanism must exist for the
develepment and coordination of such positions. ANSI normally looks to the body
which develops national standards in a particular standards area to determine the U.S.
position in a similar intematdonal standardization actvity. Such bodies are designated
by ANSI as "USA Technical Advisory Groups" for specific ISO activites. Where no
national standards group exists, or is available to serve, or where several separate
national standards groups exist, special bodies will be established for this purpose.
(See page 4 for information specific to PDES.)
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Foreword

ISC {the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through 18O technical committess. Each member body interestsd in a subject for which a technical
committes has besn established has the right to be represented on that committee. International
organizations, govarnmaental and non-governmantal, in liaison with iSO, also take part in tha work.

Draft International Standards adopted by the technical committess are circulated to the member bodies
for approval before their acceptance as International Standards by the ISO Council.

They are approved in accordancs with 15O procedures requiring at least 7S % approval by the member
bodies voting.

Intarnational Standard 1SO 3506, Part 4 was prepared by Technical Coemmittea ISO/TC 184 "Industrial
Automation and Integration® Sub-Commiitee SG 1 "Physical Davice Cantrol® 1SC/IEC 9506, Part 4 is
one of several standards as a companion te ISC/IEC 9506 “Manufacturing Message Specification®
{MMS), and deals with the communication needs especially betwesn numarically controlled manufac-
turing systems and host computars, Together with ISO/IEC 9506, Parts 1 and 2 "MMS-Core” and other
companion standards this ISO/IEC 8506, Part 4 enables the networking with other programmable
devicas in the shop floor.
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0 Introductlon

Part 1 of this standard, [SQ/IEC 9506, defines tha MMS servicas, a wide varisty of servicas which are
usslful for the interwerking of many types of manufacturing and procsss control davices when used in
open communication systems conforming to the ©S! Medal (15O 7498). Howevar, these MMS servicas
by themselves cniy provide a messaging environment for abstract, generic types of such control
devices,

In order to convey device-specific samantics for real manufacturing equipmant such as NC machines,
robots, programmable controllers, process control systems, and so forth, many of the MMS services
have optional parameters which have not been detailed in MMS. But MMS aiso speciies that any of
thesa parametsrs may only be used in the context of a so-called “companion standard” designed for

specific devices by the apprmpriate, recognized standardizing organization.

The standard herein, Part 4 of ISO/NEC 8508, is intendad to be such a companion standard to parts 1
and 2 of ISO/EC 9506. Specifically, it definas the numerical control semantics to the Manufacluring
Message Spacitication. it should be used when numerically comrolled manufacturing systams or
davices are connscted to a communication network conforming to the OS| Model and empleying the
MMS sarvice and protocol.

Part 4 of ISO/IEC 9506 hereinafter shail be varicusly rafarenced as “this standard®, “this interational
standard®, "this pan of [SC/IEC 9506, or simply "ISOAEC 8506-4",

The definitions and specifications of tha numerical cantrol specific semantics in this pant of
ISO/IEC 9506 follow the requirements and gurdsllnes of Annex A of ISO/IEC 9506- 1. Thus, this standard
has nine clausas as outlined hera:

Clause 1 dafines the scopa of this standard.,

Clausa 2 lists related OS] standards.

Clause 3 definies all new terms used herein which are in addition o those defined in ISC/EC 9506-1.
Clause 4 lists the abbreviations used in this standard.

Clause 5 describas tha manufaciuring environment within which NG applications may oparate under
this standard. The objective of this clauss is 1o describa the application area in a hierarchy of modsls
which are related to the MMS abstract models described in Clauss 6.

Clause 6 defines the NC-specific application context 2s an extension of the MMS apolication context.
Clauss 7 dsfines the syntax of all MMS servicas which have to be dafined by this standard.
Clause B defines the standardized objects used with this part of ISOAEC 9506,

Clause 9 contains all of the conformanca requiremants for implementations adhering to this part of
ISQAEC 9506.

In addition to the above clauses, this par of ISC/IEC 5506 also contains the following annexes, both
normative and informative:

Annex A (Normative): Dynamic Downloading and Coded Domains

Annex B (Normative): Extension of 1SO 9506-4 to Inciude NC Milling Machine Functienality
Annex G (Normative): Extension of 1SO 9506-4 to Include Tuming Machine Functionality
Annex D (Normative): Extensicn of ISO 9506-4 to Include Flexible System Functicnality
Annex E (Informative): Application Examplas

NOTE: [SOEC 9506-4 does not constrain the mapping from real to virtual numerically controlled manufacturing
devices, nor toes it specly individual implementations o products. This standard also recognizes that safe
operation of NG devices shall be paramount, and that any operations described or defined herein are permissi-
ble onty if compiying with the relevant safety standard{s) and requiations.
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Industrial Automation Systems -
Manufacturing Message Specification (MMS)
Part 4: Companion Standard for Numerical Control

1 Scope and Fleld of Application
This pant of ISO/IEC 9506 extends the cancapts and principles defined in ISO 9506, part 1 and part 2.

ISO/IEC 9506-4, as a campanion standard to Manufacturing Message Specification, cantains the semantics of numsrically
contrailed manufacturing devices and equipmant. Specifically, ISO/IEC 9506-4:

a) dascribes the use of Manufacturing Massage Spacification sarvices in NC specilic applications,

b) describes the modsi of an NC device in terms of its application specific functions and how these funclions map onlo the
attributes of a Virtual Manutacturing Devics (VMD),

c) provides the NC specific syntax for those MMS services which ars applicable to NC operations, and which also allow
companion standard specific parametars,

d} datines "standardized™ names for NC spacific objacts,

8) defines NC specific conformancs in conjunction with the MMS servics and parameter conformance building blocks
{CBBs) raquired.

Furthermora, it should ba noted that in addition to this par of ISO/IEC 9508, within ISO and IEC other companion standards

have been deavsloped or such work is in progress, in the application areas of Robots and Robotic Systems, Programmabls
Control Systems, and Procass Controf Systems.

2 Normative References

The following standards contain provisions which apply to this inlemational standard,
I1SO 841, Numerical Control of Machines - Axes and Motion Nomenclature

ISO/DIS 2808, Numarical Control of Machines - Vocabulary

ISO 6983-1, Numencal Control of Machines - Program Format and Definition of Address words - Part 1: Data format for
posttioning, line motion and contounng control systems

1SQ 6983-2.2, Numerical Control of Machines - Program Format and Definition of Address words - Part 2: Coding and
Maintenancs cf preparatory functions G and uaiversal miscellanecus functons M

13O 8983-3, Numerical Control of Machines - Pmogram Format and Definition of Address words - Part 3 Coding of
miscallaneous functions M (classes 1 to g}

ISQ 7488, Information Processing Systems - Open Systems Interconnection - Basic Rslerence Modal

SO TR/8509, Information Processing Systems - Open Systems Interconnection - Service Conventions

ISO 8824, information Procsssing Systems - Open Systams interconnection - Specification of Abstract Syntax Notation
Ons (ASN.1)

ISO 8825, Information Processing Systems - Cpen Systems interconnection - Specification of Basic Encoding Rulss for
Abstract Syntax Notation One {ASN.1}

ISONEC 9506-1, Manufacturing Message Spescification (MMS) - Service Definition
ISOAIEC 9508-2, Manufacturing Message Specification (MMS) - Protocol Specification

NQTE - Users should recognize that all international standards underga revisions from time to time and that any reference made herein
& any other international standard implies its latest sdition, uniess stated ctharwisa,
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3 Definltlons
The 1erms defined in the following subclauses are used in various contexts throughout this part of ISO/IEC 9506. Note that
soma of thasa datinitions also dafine saveral of the abbreviations listed in clause 4.

3.1 Alarm

Alarm: The immediate indication or netitication of the cecurrence of a sevare problem (maliunction) or abnormal condition
within the NC system, usually causing an interruption of the oparation, which should be resoived extarnally {such as through

operator intervention).

3.2 Device

Devica: In the context of this standard, "Devica® is a term usad 1o descripe, as a whole or in part, the machinery or
electro-mechanical equipmernt employed in manufac-turing of other procasses. Devices may be machine tools, functional
parts of machine tools, workpiece handling equipment, of any simitar apparatus.

In this context, a device shall be visible 1o an NG-CS user as a separate unit which may be controlled indapendently by the
NC-CS user, such as started and stopped.

3.3 Numerical Control (NC)

Numerical Conirol: Automatic contro! of a manufacturing or other process patformed by one or more davice(s), usuaily
invoiving motian mechanisms, and making use of preprogrammed numericdata, which may be introduced whilethe operation

is in progress.

3.4 Numerlcal Controliar

Numerical Controlier: An electronic contral system designed1o periormthe numedicat controt (NC} functions of manuiacturing
or ather processes, it usually consists of a computer, file store(s), both analogua and digital input and output interfaces, and
one or mors operator intarface device(s).

3.5 NC-CS (NC Companion Standard)
NGC-CS: This part of ISOAEC 9506.

3.6 MNC-CS user

NC-CS usar: The pan of an application procass which invokes the NC Companion Standard, in the context of this standard,
this refors o tha extamal, or “host”, processor which communicates with, and sxerts SOme measure of remote controi over

the NC system.

3.7 NC systam
NG systam: A workstation which consists of a numarical controller and one or more devices.

2.8 Operator Interface Device

Aoparator interface device provides the means forthe NC-CS user to communicata withi the NC system operator. Convaersely,
the sama interiace may be used by the NC system cparator 1o control the NC system in the LOGAL CONTROL mode.

3.9 Geomaetric Definitlons

1) Oitset: General tam which may refer to such general concepts as zero offset, axes value transformation, coordinate
transformation, or geometry rransformation.

2) Axis: Generally relersioa real, guiding {linear or rotary) axis of a machine, which also reflacts cne dimensicn in the work
spaca of the machina.

3) Coordinata Axes: see Coordinate System.

4) Zero Oftset: The relatianship (in one dimensian) between the arigins of a real machine axis and the corresponding part
program coordinats.

5) Axis Value Transformation: {One dimensional) transformation (sequenca of such primitives as {ransiation, mirroring, and
scaling) of a point on a real machine axis in terms of the commesponding part coordinate.

§) Coordinate System: Defined in 1SO 841 (Note: aiways right-handed). The Coordinate System may aiso be uniquely
defined by threa orthogonal coordinate axes.
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7} Actual Coordinate System: The actual eoordinate system used by the NC.

B) Coordinate Transfarmation: Expression of the spatial relationship (location and orientation) betwsaen two independent
coordinata systems.

9) Geometry Transformation: The application of a sequence of primitive transformations (translation, rotation, sealing,
mirroring) to a poirt in space in terms of tha actual coordinate system,

In addition to the definitions in this clause, ths definitians of clause 3 of ISO/IEC 3506, part 1 apply, which in addilion to
MMS-specific defintions lists a number of terms defined in 150 7498, the OS! Basic Refarence Modal, in ISO/TR 8509, the
OSi Service Conventions, and in ISO 8824, the Abstract Syntax Notation Ona Specification. All of these definitions apply to
this standard by referenca.

Many additional, NC specific definitions may be found in ISO 2806,

4 Abbrevlations
The following abbreviations are used in this part of ISO/NEC 9506:;

ASN.1 Abstract Syntax Notation One

CBB  Confommance Building Block

Cnt confirm

cs Companion Standard, often used with NC: NC-CS
lad indication

M mandatory parameter

MMS  Manufacturing Message Specification

NC Numerical Control or Numerical Controller
QSsi Open Systems Interconnection

PC Programmable Controller

Req raquest

Rsp response

VMD  Virtual Manufacturing Devica

5 NC Application Description
This chapter describes the model and functionality of an NC system in a manufacturing communication environment,

§.1 NC Speclic Model

Asdefined in clausa 3.7, an NC systam is a workstation, whera one or more devicas ara controtled by a Numarical Controller
(NC). Such devices may consist of any machanical or electro-mechanical equipmant dapending on thair individual
application. An NC system may ba connected 1o other stations through one or more communpication channel(s).

In afactory, several NC-CS users may communicata with a single NC system, as shown in figure 1.

NC-CS NC-CS
USER USER
NC-Systam

Figurs 1 - NC System In tha Manufacturing Environment
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An NC system may be described by modsls of is componant parts. Figure 2 modeis the component parts. Thase componant
parts may describa aspects of tha numaerical contraller, the devics, or both,

NC System

NC System States

NC Device Controls

NC System Information

NC Offsets

NC System Alaims

NC System Switches

NC System Data Stores

Figure 2 - NC Systam Components
The modals in this section describe the glemsnts of the NC application area from a communication point of view. They
include the following modats:

- the NC system stats model,
- the NC device control model,
- tha NC information modai,

- the NC affset modsi,

- tha NC alarm model,

- the NC switching modal,

- the NC dats store modal.
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5.1.1 NC System State Model

The NC System State Model describes the global state of an NC system, as visible 10 an NC-CS user. Also, it represents a
mechanism which ailows coordination between local users and NC-CS users (remote users), as well as the coordination
betwean multiple NC-CS usars.

NC-CS Usar 1 NC-CS User 2
{Supervisory Computs/] (Supsrvisory Compurisr]

NC-System

Numerical Controller (NC)

|Baslc Status |

[Loca/Remote Stats |
[Control Token |

Figure 3 - NC System Siats Modal

5.1.1.1 Basic Status
The Basic Status describes the overall working condition of the NC system.

5.1.1.1.1 Stata Description
a) NORMAL PRODUCTION - The NC system is fully operable.
b} LOCAL-ACTION REQUIRED - A component of the NG system has failed or is not operable

5.1.1.2 Local/Ramote State
in the factory environmant an NC system may be controlled by-an NC-CS user (remataly) or locally, as shown in figure 4.

Switch to Remots
LOCAL REMOTE
CONTROL CONTROL
Switch to Local
Flgure 4 - [.ocal/Remots State
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5.1.1.21 Stata Dascriptions

a) LOCAL CONTRQL - in this state, the NC operation is under control of a local user. For a transition 1o the REMOTE
CONTROL mods, local action by the oparator is required. This part of ISO/IEC 9506 does not include any states or
operations under LOCAL CONTROL.

NOTE - Even in LOCAL CONTROL some remote operations may ba possibie. For example, an NC-CS user may inform the NG
system about the naxt part to be made. The choice of remote operatons which may be allowed in LOCAL CONTROL Is implementa-

tion dependent, and shoulkd ba closely related to security. This choice may even be changed as a result of operator dedsions.

b) REMOTE CONTROL - In this state, the NC system is controlted by a remote user. Any operator intervention which
modifies the state of the controlling process, or which results in a safety violation shall force the transition to

LOCAL CONTROL.

5.1.1.22 State Transitions

a) Switch to Remote - This transition shail only be the result of local action and shall enable remaote control of the NC system.
Whils this transition mzy also depend on the state of the Controlling Process, the exact conditions for this shall be at tha

discration of the system implementer.
b) Switch to Local - This transition shail change the NC system from REMOTE CONTROL to LOCAL CONTROL. t may
take place during any of the Device states and Controlling Process states, and the resuitant states of the Devica{s) and/or

Controlling Procass{es} shall be implemantation dependent.

51.1.3 Contrel Tokan
An NC system may be controlied by several NG-CS users. Such a muftipie NC-CS user environment requires a mechanism
for assuming and relinquishing control.

Only the user in possession of the token shall have full control of tha NC system, which shali not raspond to requests from
other users for actions which affect the Controlling Process states. However, cartain status information and machina

programs may be available to cther users.
NC systams which do not support multiple NC-CS user environments do not require a control tokan.

5.1.2 The NC Device Control Modei

The NC Device Control Modal may be viewed as a number of interacting components, such as one or mora Davicss, a
Numerical Controller, an Operator Interface Davice, and one or more Controlling Processes, as illustrated in figures 5 through

7.
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NC System
Numerical Controller (NC)
Qoerator
Intariacs Devica
Operator Communlcation
Process
Devica 1
Program, image
Data, ... } of
Davica 1
e e
® ®
® ®
Control
Pmam
I . Devican
Program, J/ Image
Data, ... of
Devica ny

Figure 5 - NC Device Control Model

A) As defined in clause 3.2 of this standard, "devices” represent those mechanical or sleciro-machanical parts of an NC
system which may be visible to an NC-C5 user as a separate units which may ba controllad separately, such as started
or stoppad.

Nota - The manner in which devices are delineatsd within a system shall be arbitrary. Whike one implementation may consider as devicas

such overall entities as a milling machine or tool warehouse, ancther one may subdvide a system inko smaller units, such as spinda,

refary tahie, or tool changer. :

B) The numarical controller contains an image of every device within the NC systam. This image is used fo manage and
control the device, i may includa infromation about the physical resources (such as number of axes, travel limits, and
cther configuration data), about tha currant state {device ready, calibraticn stats, and so on), and about the operating
paramters of the devics (such as override valuegs).

C) Controlling Processes reprasant the execution of the user programs, which may include part programs and data such
as toal corrections and fixture offsets, They may also include exscution information, such as the cumrent execution state,
the line of program currently being processed, and so on.

Controlling Processes are linked to devices, and they may be created dynamically by the NC-CS user.

D) A cperator interface device provides the means for the NC-CS user to communicate with the NC system operator.
Physically, the same interface may also be used by the NC system operator 1o control the NC system in the LOCAL
CONTROL mode.

The genaral model of an NC system may consist of one or more davices and ona or mora Controlling Processes. A simple
numerical controller, howavar, may support only a single device and a single Centroliing Process.

187



ISO/EC DIS 9506-4 : 1991(E)

NC System
Numerical Controller {NC)
Tuming Unit
Tool Changer
Image of Unit
Tuming Unit
Datn e and Too
Ghanger <-
Untt
]

Figure 6 - NC Devica Controi Modei (Single Davice)

Figure &, for example, shows an NC system consisting of a single device and a single Controlling Procass. The devica image
tepresants a turning unit and a tool changer. Tha Controlling Procaess links programs and data to the device.

Othar numarical controliers may be able to control several, usually interacting devices. An example of such a system is
shown in figura 7, which models three separate devices, two tuming units, and a tool warehouse. The NC-CS user may act
on each of these devices indepandently,

NC System
Numerical Controlier (NC)
Process
Turning Unit 1
Turog.
Bogra, Unit 1
T
] Tool Warshouse
\ Image of
Program, Tool
em . || | Werstousg
\ - Tuming Unit 2
image
Program, Turming
Datp, . Unit2

Figura 7 - NC Devlce Control Mode! (3 Independant devices)
The operation of the NC devica is dascribed by the Davice State Modei and the Controliing Process State Modal.
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5.1.21 Thse Davice Stats Modal
The Device Stata Mcdal describes the state of the davice. The imaga of the device includes the Device State.

Power O
wer On Dovice
POWER OFF
Power Off Power Cff
Device Eor Devics
READY NOT READY
Error Recover
Figure 8 - NC Device State Mods!

5.1.2.1.1 Stata Descriptions

a) POWER OFF - in this state, all device functions are inactive axcept for those pertaining to safety (e.g. brakes, clamps).
No power should be applied to the davica,

b) READY - In this state, power is appliad 1o the device, thal is, axes drives, spindle drives, hydraulic pumps, efc.

c} NOT READY - This state may ba caused by an error or a stop condition. If caused by an error condition, only an action
which acknowledges and ramoves the error candition may cause an exit from this state. I is assumed that tha NC
provides sufficient information for proper diagnosis.

5.1.21.2 State Transitions

a) Power On - This is associated with energizing the device, and represents the the transition from POWER OFF to READY.
b) Power Off - This transition puts the device inta the POWER OFF state, which shall halt all operations of the davice.

¢) Error - This transition puts the davice from the READY state into the NOT READY state.

d) Error Recover - This transition retums the device into the READY stata.

NOTE - The above device state model is simplified. in reality, such ransitons 2s Power On and Powar Off may be rather complax
procedures.

51.22 The Controliing Procsas State Modal

A Controlling Process may control cne of more devicss. For an NC-CS ussr 1 is necsssary lo be aware of the program, and

the way the program acts on the davicas,
Tharefore, the Contralling Procass state modet describes the execution states of the user program, such as start, stop, and

S0 on.

189



ISOAEC DIS 9506-4 : 1991 (E)

Delets Proceas Procass Delats Process
NON-EXISTENT
Creats Procass Delsts Process
Reseat Proceas Ermor Procsas
IDLE UNRUNNABLE
Error
Procoss Emror ary
ARUNNING stats
Swop FResume
Process Error
STOPPED

Figura 8 - NC Controlling Procass State Modal

The Controliing Prccess may be created dynamically by the NC-CS user. Such creation usually entails the binding of a
device to the Comrolling Procass, and the selection of user programs and data. To operats any device, at least one Controlling
Process is needed, and in some cases the binding of such Controlling Process and its device may be static.

£.1.2.2.1 State Descriptions

a)
b)

¢}

d)
8)

NON-EXISTENT - This is the state of a Controliing Process prior to its craation.
UNRUNNABLE - This state shall be the resuit of an error. Recovery from this state shall require the explicit action of a

operator,

IDLE - In this state the Controiling Process shall be ready 1o executs, that is, all raquired initialization shall have been
completed. '

RUNNING - In this state the Controlling Process shall be fully cperational and executing user program commands.
STOPPED - This state may be the result of a stop command, or any other stop condition. From this stats, after stcpping,
the user program may resume axecution normally.

5.1.22.2 GStatas Transiions

State transitions may be initiated from a number of sources, such as the NC-C5 user, the operator, the user program, or the
Davice. Alsq, it is presumed that the manufactursr may define certain conditions which will inhibit these transitions, whila

providing sufficient information 1o properly diagnose the situation.

a)
b)

)
d)

e)

f)

10

Create Procass - This transition creates a Controlling Process by linking user programs, data, and devices.
Delete Process - This transition delstes a Controlling Process, by delsting all such links between programs, data, and

davicas.
Stan - This transition starts the execution of the Cantroling Process, assuming that all prerequisites have been fuffilled.

End of Process - This transition complates the execution of the Controiling Procsss, This transition usuaily corresponds
to the end of the program.

Stop - This transition stops execution of the program, 1t may be caused by a stop command from the NC-CS user, and
it puts the Controlling Procass into the STOPPED state. Execution may be restarted by the Resume transition,

Resumae - This fransition resteres the RUNNING stata.
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g) Error - This transition shall suspend the Canlroliing Process and cause il to be UNRUNNABLE. Tha cause of the arror

shall be removed before tha process may be recoverad irom this stata.

h) Error Recover - Removing the cause of a previous smor by local or remots action shall result in this transition from the

UNRUNNABLE state to any prior state.

i) Reset - This transition puts the Connroliing Process into the IDLE stata.

5.1.2.23 Corrslation To The Devics Stats

Sinca tha states of a davice and is associated Controlling Process states are interdependent they will influence each other.
For instance, when a device is switched off or enters the NOT READY state, then thera should be a Controlling Process

state transition (sae Table 1).

Table 1 - Corratation batween Devics Statas and Controfling Procass States

Device State Possible Controlling Process States

READY any state

POWER OFF | NON-EXISTENT, UNRUNNABLE, IDLE

NOT READY NON-EXISTENT, UNRUNNABLE, STOPPED, IDLE

5.1.3 NC Information Model

Basic Status, Device Status, and the Controlling Process Status provide tha NC-CS user with general information about the
state of the NC system. Howsver, to provide the mors dstailed information about the NC systam required for remota contral
by tha NC-CS user, this intemational standard includes the additicnal types of information described here by the NC

Information Model,

Figure 10 - NC Information Modal

5.1.3.1 Bask: Information

This encompasses information about the Numerical Controller, such as controllar valtage or conraliar armor information,
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NC System
Numerical Controller (NC)
| Baslc information]
Controfing Prmf] — Device 1
Devics 1
PI'DOBSS. Dev'm
information Information
- -
- . ®
- - Y
. -
Controling Process m Image of Device n
Devics n I
l TOCass Devics -
Information Information
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£.1.3.2 Daevlce Informaticn
This encompasses information about the device, such as hydraulic pressure or devica voltage.

5.1.3.3 Procass informatlon

This encompasses information about the Controlling Process, such as the currently executing program block, or current
procedure call.

5.1.4 Cffset Modal

An important pant of the operation of an NC systam is the capability to handle axis transformation, 2ero offsets, and other
coordinate transformations. In stand-alona, conventional NC systams most of this functionality is handled by the machine
operator, as well as by user programs. The purposs of the Otfsat Model is to provida the NC-CS user with thess functions,

The Oftset Modal shall provide the NC-CS user with ali the geometric transformation capabilities required for remote control.
Ofisets reprasent the transformations of the location descriptions of points which are usually associated with the machined
partor workpiece. The Cifset Model distinguishes two types of such transformations, ane dimensional and three dimansional,
that is, in terms of ons axis, or in terms of Cartesian coordinates. Both types further distinguish between (1) transformation
of the relerence origin, and {2) transformations of axis values ar geometry. For bsetter visualization of the Offset Modal refer
1o figuras 11 through 15.

For tutorial infarmation on this, see Annax E.

Offasts
!
| ]
Axis Cartesian
| {
] | | 1
Axis Coordinats Geometry
Zaro Offeet | Vaiue Transformation Tnn:f\.m\lﬂognl

Flgure 11 - Hlerarchy/Classiflcation of offsats

5.1.4.1 Zero Offset

A zero offsat shifts the virtual angin (zero point) of a physical machine axis (sea figure 12). This virtual ongin is the reference
for tha part program.

Rotary and linear axas are treated equally.
virtual arigin = real crigin + zaro ofisat 1 + zero offset 2 ...+ zero ofiset n

NOTE - The number of zero cffsets supported in an NC is implemeniation specific, and shall be stated by the appropriate PICS entry.
For rotary axes, there shail also be the indicabon of the permissible rangae (0..360, -180,,180, ...}.

Real hine xxis Real Zaro of Machine Axis
Zoro offaet 1
Zoro offaet 2
VYirtual Zoro point ~
Zaro for user program
Flgurs 12 - Zsro oifset/Viriual zero pélm
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5.1.4.2 Axls Veiuve Transiormation

All axis value transiormations ara with referencs to the virtual origin of the respective axis. Rotary and finear axes are treated
equaily. In the end etfect, axis value transformations changa tha location or geomatry of the pan or workpiece produced by
tha user program.

ISOMEC 8505-4 defines the following primitive axis valua transformations {sae figure 13):
Transiation:

Transiation of the point PO with value x
primitive T(x): P1=T{x)*P0 (matrix notation)
pl= x+p0 (coordinate notation)
Mirroring:
Mirroring of paint PO about the virtuai onigin.
primitive M(}: P1= M()" PO (matrix notation)
pl=-p0 {coordinate notation)

Scaling;
Scaling of point PO relative to tha virtual origin with tha scala factor x.

primitive S(x): Pi1 = S{x)*P0 (matrix notation}
pl=x"p0 {coordinate notation)
Scaling and mirroring by themselves, saparately, are commutative. Otherwise, any sequence of primitive operations is order
dependent, Following is a commoniy used notation which reflects the order:
P1=T2)"M)*S(*T{1)" PO
A first primitive
4 sacond primiive
* third primitive
* fourth primitive

NOTE - This standard doss nol limit the number of primitive transformations, which shall be implementaton specific.
NOTE - The ranga specification for rotary axes shall be implementation specific {for instancs, 0..360, -180..180, ...).

NOTE - Complax axis value transformations may be expressed by a sequenca of primitives, such as mirroeing about centre peint 5, which
may be achiaved by the following expression:

P1=T(5)} * M0 * T(-5)* PO

Axs with virtual . ;
centar point .

Translation T(1) R
Scaling $2) —
Mirroring M) =
Translation T(2) —

Axis with virtual
center point

e

Figure 13 - Saquenca of Primitive Axls Value Transformations
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5.1.4.3 Coordinate Transiormatlons

A coordinate transformation detines, stanting from ons cocrdinate systam, the position and orientation of ancther coordinate
systam. Tha transformation from one coordinata system lo another should be defined by a rotaticn {Euler angles} and a
vectar, in accordance with the conventions established in 1ISC 841. Objects which may represent paltets, tixtures, pans, or
partitions, as defined by this standard, may have offset attributes which refer to coordinate transformations.

An exampie coardinate transformation is shown in figure 14.

Figure 14 - Coord!nata Transformation

5.1.4.4 Active Program Coordlnata System

User programs are written for workpiaces or parts in terms of their own specific coardinate systems. To executa comectly,
sufficient information about such a coordinata system is required within the NC. This information shall be contained in an
object known as the "Active Program Coardinate System”.

5.1.4.5 Geomatry Transformatian

Geometry Transformation defines the transformation applied to the coordinates of a point in three dimensional spacs, to
change its refaranca from the original coordinate system, usually the "pregram coordinate system”, 1o somatargat cogrdinate
system, usually the coordinate system of the machining environment.

The effact of geomaetry transformaticns is the change of location, arientation, or geometry cf the workpiece produced by the
par program.

The foliowing defines thae primitives used in geometry transtormations. The original coordinate system is assumed 1o be in
tetms of the coordinates x, y, and z:

Transiation:

Translation of paint PO with vectar v

primitive T{v): P1=T¥})"PO {matnix notation)
Scaling: .

Scaling of the x.y.z camponants of PO with scale factors s1, 82, s3.
primitive $(s1,52,53): P1 = 5(s1,52,83)"PC  {matrix notation)
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Rotation:
Sequanca of three rotations (Rotation defined by ISO 841), defined in the following ordar:

1. Rotation about x axis with angle a
2. Rotation about y axis with angle b
3. Rotation about z axis with angle ¢

primitive R{a,b,c):  P1=R{a,b,c)"P0 {matrix notation)
Mirroring:

M{xy. vz, xz)
For xy, yz and xz only the two vaives 0 and 1 are valid.
0 means no mirroring about the specified plana.
1 means mirroring about the specified plane.

Examples;
mirraring about the xy plana: M(1.0.0)
mirroring about the yz plane: M(0,1,0}
mifraring about the Xz plane: M(0,0,1)

mirroring about the xy and yz plana: M{1,1,0)
Mirroring by itself is commutative, Ctherwise, any sequenca of primitive oparations is order dependent. Following is a
commonly used notation which reflects the order (sea figure 15):
P1 = T{1,0,0) " R(10,20,30) * M{1,0,0) * PO
A first primitive
4 second primitive
4 third primitive

NQOTE - When using the mimoring primitive, the shapa of a workpisca remains the same. For example, if the program descrbes a cylinder,
than after a mirroring operation the cylinder remains a cyfinder. When using the scaling primitive with negative scale factors, tha shape
changes. Thus, the cylinder program, aftar scaling with the scale factor -1, will produca a hole in the work pieca.

NOTE - This standard does not fimil the number of primitive transformations, which shall be implemsentation spedfic.

NOTE - Complex geometric transformations may be expressed by a sequence of primitives.
b4

' Translation Scaling

Flgurs 15 - Sequence of Primitive Geometry Transformations

5.1.5 NC Alarm Model
In order to properly perform its task within a manutacturing environment, an NC shall have the ability to signal faults 10 an
NC-CS user.

NOTE - Such faults may be measuring system faulls, control unit temperature problems, control unit battery problams, and so on. Typically,
within an NC there exists a list of hundred or more fault conditions, each of which may cau;.a an alam.
The monitoring and signaling of alarms is represented by the NC Alamm Condition Model. The NG shall include an NG Alarm Condition
for avery alarm which is to be signaled to an NC-CS user. Alarms are identified by the NG Alanm Condition name. The NC Alarm Condition
State represents the current stata of monitored alarms, 195
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5.1.5.1 NC Alarm Conditlon State Modei

Enable Alarm Enable Alarm
Montoring kile Monhtoring acttve

DISABLED

Disable Alarm  Disabie Alarm
Monitoring Monitoring

Alarm occures
IDLE ACTIVE

Alarm coasos

Flgure 15 - NC Alarm Condition Stata Modal

5.1.5.1.1 State Dascription
a) DISABLED - In this state alarm monitoring is disabled.
b) IDLE - This state shall indicate that the monitored alamm is not active or the alarm has ceased to exist.

¢} ACTIVE - This state shall indicate that the monitared alarm is active.

5.1.5.1.2 Stats Transitions

a) Enabla Alarm Monitoring idle - This transition enabies the alarm monitoring white the monitored alarm is not active,
b) Enable Alarm Monitoring active - This transition enables the alarm monitoring while the monitored alarm is active.
c) Disable Alarm Monitoring - This transition disables the alarm menitoring.

d) Alarm oceurs - This transition is associated with the occurrencs of the menitored alarm,

¢} Alarm ceasas - This transition is associated with the discontinuanca of the monitored alarm.

5.1.5.2 NC Alarm Notlficatlon )

K an NC Alarm Condition State changes, an NC Alarm Notification may be sent to the NC-CS usar. This NC Alarm Notification
shali include the following paramsters:

NC Alarm Condition Name - This parameter idertifies the NC Alarm Condition 1o which this NC Alarm Notification applies.

NC Alarm Conditien State - This parameter reprasents the current state of Alarm Monitoring (DISABLED, IDLE, ACTIVE).
NC Alarm Severity - This paramaeter rapresants some measure of severity for NC-CS user receiving the NC Alarm Notification.
NC Alarm Time - This paramster contains the time (date and time or a time sequencs identifier) at which the transition in
the NC alarm condition state was detected.

NC Alarm Acknowledgment Rule - This parameter indicates the level of acknowledgment required for the NC Alarm
Notification recaived (NONE, ACK-ACTIVE, ACK-ALL)

5.1.5.3 Acknowladgment of Aiarms

The paramater NG Alarm Acknowledgmant Rule diracts how the NC-CS user shall acknawledge the recaipt of the NC Alarm

Netification. The following different levels of acknowledgment are indicated by the NC Alarm Acknowledgmeant Ruia:

a) NONE - Acknowledgmaents are allowad but not required.

b) ACK-ACTIVE - Acknowledgments shalt be required for NC Alarm Notifications specifying the NC Alarm Condition State
ACTIVE, Acknowledgments specifying the NC Alarm Condition State IDLE are alkowed but not required.

c} ACK-ALL - Acknowledgments shall be required for NC Alarm Netifications specifying the NC Alarm Condilion State
ACTIVE or IDLE, N

NOTE - The Alarm Acknowledgment Rule may be different for every Alarm Condition. For NC Systems nat supporting the acknow-

ledgment of alanms this parameter shall have the value NONE.
18 196
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5.1.6 Switching Modal

The switching modal is designed to snabla an NC-CS user to ramotely switch operations within the NC system (such as
switch the NC systems jrom REMOTE CONTROL to LOCAL CONTROL, or {o switch an auxiliary function on or offl.

5.1.6.1 Switching State Modsl
Rafer to figure 17 for the state diagram of the Switching Modal, as obsarved from the viawpoint of the NC-CS usar,

SWITCHING
PROCESS
IDLE

T2 T1

SWITCHING
PENDING

Figura 17 - Switching State Diagram

5.1.6.1.1 State Descriptions
The switching state diagram consists of the two statas shown balow.

a) SWITCHING PROCESS IDLE - In this stata the NC system shall be ready for a command to start the switching procass.
SWITCHING PRCCESS IDLE shali be the default state of the Switching State Modal.

b) SWITCHING PROCESS PENDING - This state is reached immediately after recaipt of a swilching command by the
NC-C5 user, and the swilching procass is about to begin.

5.1.6.1.2 Stats Transltions

The swilching state diagram contains the transitions T1 and T2.

a) Transition T1 - This transition occurs upon the receipt of a switching command from the NC-CS usar.

b) Transition T2 - This transition occurs afler initiating the switching process within the NC system, and the result of the
switching procsass is either "successful® or *not succassiul®,

5.1.7 NC Data Store Model

Most numaerical controllers provide data storage, as weil as the capability of remota selaction, inspection, and/or ratrieval of
any data required for NC operations. Such data typically consist of user programs and oparational parameters, such as
toaling, fixturing, process, and other parameters. They are usually generated ramotely, and transfarred to the NC either via
a communication network, or by local means, The Data Store Modal defines the omanization of the data stors, and the
manner in which the data may ba viewed. '

While this standard doses not specify any particular data stora hierarchy, it doas provide for multiple data stores. Such data
stores may be within or external to tha numarical controiler. Extarnal stora{s) ara includad in this modal so that thay may be
visible to the NC-CS user.

NCTE - ISCAEC 95064 only defines the model of a logical data storage systern from the viewpoint of an NC-CS user, and that the
mapping of such medel to a real data store is outside the scope of this standard.
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NC System

Data

Store 1
Store rﬁeal

Info Stors 1

Data
Info 1 Data 1

Data .
G- (e

Data -
Store n Real

A
Store n

Data
Info 1 Data 1

Data Datan
Infon \ 7

Flgure 18 - NC Data Store Modei

5.2 NC Speclilc Functions

‘This part of ISO/IEC 9506 doas not detine any functional dasses of NC systams.
Instead, i definas the follawing, general NC specific functions, any cf which may or may not ba supported by a particuiar
NC system. The mapping of these functions to MMS is defined in Chapter 6.

5.21 Idantity Function
The Identify function anables an NC-CS user 0 identify a particutar NC system and to get information about its capabilities,
vendor, revision number, and so on.

5.2.2 Data Transfer

Numerica! controliers conforming to this intemational standard shall be able lo transfer data from the NC-CS usertothe NG

system and back. There are 3 ditferent ways to transter data tofrom an NG system:

a} "block transfer to datastare” - Inthis way data are exchanged as "bulk® data betwean the NC-CS user and the NC system
{Download and Upload).

b) "block transfer - dynamic” - In this way the NC system executasthedala as it is received, with minimal buttering (Dynamic*
Download). 108
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¢) Variable Transfer - In this way data are viewed as variables and the data transfer is done by rsading or wriling thesa

variables,
The NC-CS user may alse direct the NC system to load or stora data from a remote filasarver.

Some data, such as tooling data, may be handled sither as data blocks or as variables, or bath, depending onthe complaxity

of a panicular apptication,
Simple numerical controliers may handia tociing data using block transter, and mors complex systems may use either block
transter or variable transfer, or both. Variable data structures ta handie a variety of applications are defined in the normative

Annexes to ISO/IEC 95064,

5.2.3 NC Data Store Management

The NC Data Store Mods! provides to the NC-CS user tha functionality which addressas the following data management
capabilitios;

a) Storage Organization - the names of the NC-CS user programs in the data stora(s).

b} Vaersion Control — the origin and/or varsion attribute of NG-CS usar pregrams in the data store(s),

c) Memory Usage — the amount of data store space allocated to NC-CS user programs,

d) Msmory Location — the kind of storage madium rapresanted by the data stors.

8) Data Type — the format of NC-CS user programs in the data stora.

f) Protection Schema ~ the integrity, or accsssibiiity of the data in the data siore,

g) Daletion of data store entriss,

5.24 Process management

For remote control of the NG system, the following functions which relate to program control are required:
- The abiiity to select a machine program for execution.

- The ability to start the execution of a Contraliing Process. (Remote cycle stan)

- The abiltty ta pause and resume a Cortrolling Process.

- The ability to stop the exscution of a Controlling Procass,

5.2.5 Intaracticn with an operator )
K thera is an need for interaction with an operator, the operator intarfacs device provides the means far the NG-CS usar 1o
communicate with the NC system operator.

5.26 Alarm Processing

In order to signal fautts to the NC-CS user, NC systems should have the capability to:
- mask/unmask alarms

- signal alarms to the NC-CS user

- Teceive alarm ackncwiedgments

- provida summary information of active alarms

5.27 Switching Operation

An NC system shall provide an NC-CS usar with the capability to perform simple switching operations, such as POWER
ON, REMOTE CONTROL to LOCAL CONTROL, and many mors.

& NC Application Specific Context Mapping

This clause relates the modsl of the NC system which has bean defined in clause 5, to the abstract mods! of the Virtual
Manutacturing Devics (VMD) defined in MMS. For the purpose af inter-operability the unitorm application of tha abstract
concepts in MMS to real systems is essaential, While this part of ISO/EC 8506 may not anticipate every variant of NC System
existing or yet 1o be developed, it provides general guidalines for associating real systems with the abstract medel, which

shouid be applicable to any conforming NC system.

6.1 Mapping Of The NC Specific Modal To The VMD Objact
This clause shows how differant elerments of NC systems rolata to the MMS abstract concapts of VMD, Domains, Program
Ifvecations, and Variables. t is equaily applicable ta {simple) NC systoms which map to a single YMD, as well as thoss
which map to muitiple VMDs. The distinetion depends largely upen the application.
109
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€6.1.1 Mapping Of The NC Systam To The YMD Model ) .
This clause definas how the NC specific models of clause 5.1 map to the abstract objacts defined in part 1 of this International

Standard.
Figure 19 shows the major componants of an NC VMD and their relation 1o each other. An NC VMD may include variables,

domains, and one or more Program Invocations.

NC VMD

VMD LogicalPhysical Status (Basic Status)
Named Variable (Loca/Remote Stats)
Tokon Semaphora (Control Tokan)

Station (Operator Communication}
Named Vartables (Basic information)

Program Invocation 1
(Controliing Procass)
7~
Domalrs Devica Domaln 1
- i Named Verizbies

(Davice Stats,
Procass. Dev. Information)

int. Dom

Figure 18 - NC VMD Model

6.1.1.1 Baslc Status ‘
The Basic Status maps to the VMD Logical Status and 10 the VMD Fhysical Status.

6.1.1.2 Local/Remote State
The Local/Remate State is modalled by the Switching Mode! {see clausa £.4.5) and maps to VMD specific Named Variable
Objects with the names N_SwP_REMOTE and N_SWC_REMOTE.

6.1.1.3 Control Toksn
The control tokan maps to a Token Semaphore Cbject of the name N_CONTROL.
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6.1.1.4 Davica Imags

A device image maps to a predefined domain object {Device Domain) with domain specific Named Variabie objects which
represent the physical resourcas and the state of the Devica.

The device state maps 1o a Device Domain specific Named Variable N_DEV_STATE.

6.1.1.5 Ussar Program
A user program in modelied as a domain object and is linked to a controlling process.

6.1.1.6 User Data
User data are modalled as a domain object and may ba linked to a controlling process

6.1.1.7 Controlling Procsss

Tha Controlling Procass is modelled as a Program Invocation object linked to the domain objects which are germana to the
controlled process, and which may includa any one or all of the following domain types: program domains, data domains,
device domains, and process information domains.

The Controlling Process state maps to the Program Invocation state,

6.1.1.8 NC Information

The Basic Information, the Device Information and the Controlling Process Information are mapped to variables. The Basic
Information maps to VMD spacitic Named Variables, the Devica Information maps to devica domain specific variablas.

The Process Information maps to domain spacific variables. The Procass Information domain which contains these variables
is locally created with creation of the assigned Program Invocation and shall include the name of tha Program Invocation.

Instead of accessing different variables separately, tha NC-CS user may defina Named Variable List objects consisting of
the desired variahles. This standard provides Variabla List objects for the Basic Information (Basic Information List), for the
Devica Information {Davice Information List) and for the Process Information (Process information List). The use of these

objects, howevar, is optional,

6.1.1.8 NC Alarm Model

Thae NC Alarm Modal maps to the MMS Event Condition and the MMS Event Enrcliment.

6.1.1.10 NC Datz Store ’

The following object classes are usad to provide the functionality of the data stora as required by the NC Data Store Madal:

- NC Domain Object Class:
- NC Data Store Domain {N_STORE_...)
- Named Variable Object Class:

- Data Store Information {N_StareTypa,
N_MaxSicreEntries,
N_MaxStoreCapacitiy,
N_CurremEntriss,
N_RemainingEntries,
N_CurrermCapacityUsed,
N_RsmainingCapacity)

- Data Store Entry
- Named Variabie Type Object Class:

- Data Stars Entry Type {N_DataStaraEntry)
- Named Variable List Object Class:

- Data Store Entry tist (N_EntryList)

6.1.1.11 Operator Interfaca Davica

The Operator Interface Device maps to the Operator Station object in MMS,
Thare may be several Operator Station objects ba defined in an NC system.
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6.1.2 NCVMD
6.1.21 NC VMD Object
Object: NC VYMD
All MMS defined VMD attributes
Additional Cetail - There are no additional attributes defined in this standarc.

6.1.2.2 VMD Loglical Status and VMD Physicai Status
The VMD Logical and VMD Physicai Status produce the Basic Status according 1o the following tabis:

Table 2 - Status Coherance

Basic Status VMD Logical Status VMD Physical Status

NORMAL PRODUCTION | State Changas Allowed Operational
LOCAL ACTION any Neads Commissicning, Inoparable

REQUIRED Partially Operational

6.2 Definition Of NC Specliic Objects Which Map To Domains
6.2.1 NC Domain Ob)ect

Object: NC Domain
All MMS3 dsfined Domain attributes
Additional Detail - Thers are no additional attributes defined in this standard.

6.22 Device Domain

Davice Domain represents the physical resources of a Device. It is a predefined domain which may be sat up by the
manutacturar, and which provides a naming spaca for domain specific Named Variables, such as Device Stats, Number cf

Axes, and so on.

6.23 Procass Information Domalin

The Process Infarmation Domain contains the Process-Infermation of the corraspending Controliing Process, This domain
is locaily created with creation of a Controlling Process and exists enly during the lifetime of the same, that is, it is lecally
deteted with delstion of the Controfling Procass.

The Attribute List of Domain References of the associated Program Isvocation contains a referenca to the Process
Information Domain,

6.2.4 Pregram Domaln

User programs usually contain a sequance of parl execution steps and are coded in a high level language {such as ISO §983).
Such programs are modelled as domains, which provides the maans to upload, dewnload or delste user programs from tha
NC store, and enabies an NC-CS user to assemble sevarai user programs into ong program invocation.

6.25 Data Domain

Data used by user programs may be medeiled as domains or variables in doemains, for example:

- Tool Data domain: manutfacturer defined tooling information.

- Maans of Production Data domain: manufacturer defined means of production irfcrmation, such as fixture information.

Like program domains these objects may be upkaded, downkaded, or deleted from the NG store, and may be assambled,
logether with usar programs, into a program invocation,

6.26 NC Data Stora Domain

An NC Data Store domain object shall be craated for each logical data store in the NC VMD. Such a domain shall contain
cartain domain specific cbjects, namsly thase which dafine the NC data store, and those which define domains assigned
1o the data store. The name of an NC Data Store domain shall begin with "N_STORE".
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The creation cf an NC Data Stora demain is 2 local matter. This standard does not map a logical data store to a physical
data storage device.

The NC Data Store Domain list of subordinate objects includss the following:

. Data Store Information —~ corresponds to the *Stors Info” element of the NC Data Stora modal {sea figure 18).
- Data Stora Entry Type — definas the content of “Data info™ element of the model.

. Data Store Entries ~ corraspends to the *Data info” element of the modal.

- Data Store Entry List - provides a list of Data Info element names.

The relationship between these cbiects and the NC Data Store model is shown in figura 20.

NC System
Model Mapping

Data NC Data Store
Store 1 Domain 1
Data Info Data Store
1 Entry 1
1)

Data Data Domeln

| .O gl
2

Data Data Domaln
n n
Flgure 20 - Data Store Mapping 203
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The NC Data Store is normally not modilied directly. lts objects are created and deieted locally as a result of the creation
and removai of domains from the NC VMD. How the NC Data Store image is altered, that is, the creation of NC Data Store
domains, and the assignment of objects which are NC Data Stors domain specific, shall be a local issua. Following ara the
possible visible side affects of an upload and downioad of domains in terms of the NC Data Stora;

When a Domain state transition to READY occurs, it should ba assumed that a Data Slore Entry is created in the NC Data
Store domain associated with its Damain Content. The attributes of the Data Store Entry should be derived locally.

Whaen a Domain stata transition to NON-EXISTENT occurs, it should ba assumed that the associated Data Store Entry is
removed from the NC Data Store domain.

The Data Stors information Variable values are also assumed 1o be medified when an assigned Domain state transition to
READY or NON-EXISTENT occurs,

This part of ISO/IEG 9506 doas not define the client usage of the values or existence of any NC Data Store objects, k s
intended forthe NC-CS userto usa this information to achieve the functionality defined in clausa 5 of this part of this standard.

6.2.7 Mapping Of Other Objects To Domalns

Various other cbjects may be mapped lo program domains or data domains. They may include, but not be limited to, the
following objects:

- Setup Data: Equipment Setup Data

- Statistical Data: Data collected dynamically {systam logs, for axampla)

- Device Origin Setup Domain: The data and process used for "Homing' the davice.

- Probe Data Table: Probe data values

- Diagnastic Data: Diagnostic Programs or Diagnostic Data which may aiso be mapped to domains.

White these domain objects may be upkaded, or delsted from the NC, they may not be incorporated in Program Invocations.

6.3 Deflnitlon Of NC Specltic Objects Which Map To Program Invocation
6.3,1 NC Program Invocation Object

Object: NC Program Invocation
All MMS defined Program Invocation Attributes
Additional Detail - There are no additional attributes defined in this standard.

6.3.2 Controliing Process Program Invecation
The Controlling Procass State Model maps directly 1o the NG Program Invocation State Modal. Transitions of the Controlling
Process state may be the result of a Program Invocatian service or of locai action,

Figure 21 shows the transiticns of the Controlling Procass states which may occur as a positive result of Program Invocation
servicas. The states and transitions of the Controiling Process map directly 1o the MMS Program Invocations states defined
in ISO/EC 9506, Part 1. To keep the diagram simple it does not show the transient states (STARTING, STOPPING,
RESUMING, RESETTING). Thase transient states shall be used exactly as defined in ISOAEC 9506, Part 1.
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Delete P! Process Delete P!
NON-EXISTENT

Create Pl Delets P!

Reset Process Process
IDLE UNRUNNABLE

Process
RUNNING

Stop Resume

Procass
STOPPED

Figure 21 - Transhlons cf tha Controlling Process staleasa resuit of Program invocation services

In Figure 19 one device domain is linked to one Controlling Process. This configuration will be the normal case. But this
standard does not restrict the VMD model to this one to one relationship.

Thus, an NC-CS usar may create a second usar program linking cther programs and datato the same Davice Domain while

the tirst program is still executing.
Figure 22 shows an example of an NC VMD with two Program Invocations linkad to a single Device Domain.
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NC VMD

VMD Logical/Physical Status (Basic Status)
Named Variable (Local/Remots State)
Token Semaphors (Control Token)

Operator Station (Operator Communication)
Named Variables (Basic Information)

Program Invocation 1
{Controlling Process)

Domains
g
Procoss
Inf. Domaln Device Domain
‘Named Variables
| (Device Stats,
Dev. Information)
Process
Inf. Domaln

I_ 1
Domains
el :\

Program Invceation 2
(Contro{hng Procass)

Flgure 22 - NC VMD Model {2 Program Invocations, 1 Device Domaln)

There may also be situations which require that severat davices be linked to one Controlling Process. Such a process isthe
Davica Origin Setup program which may require access to more than one davica. Figure 23 shows the example of an NC
VMD with two Device Domains linked to one Program lavocation.
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NC VMD

VMD Logical/Physical Status (Basic Status)

Named Variable (Local/Remote State)
Token Semaphore {Control Token)

Operator Station (Operator Communication)
Named Variables (Basic Information)

Device Domain 1

Named Variables
(Device Stats,
Dev. !nformatlon)
Procass.
Inf. Domaln

Controiling Process)

— l/ N

Device Domain 2

Named Variables
(Device State,
Dev. Information)

{P rogram Invocation

Figure 23 - NC YMD Modal (1 Program Invocation, 2 Deovice Domalns)
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5.4 Deatinitlon Of NC Speclfic Objects Which Map To Cthar MMS Abstract Objects
6.4.1 Deiinitlon Of NC Speciflc Objects Which Map To Named Varlables

The MMS Variable Access services provide facilities by which typed variabies of an MMS VMD may be accessed. MMS
defines tha Unnamed Variable cbjsct, the Named Variabie object, and the Scattered Accass object.

O these MMS variable objects, only tha support of tha Named Variable object is required for conformance with the NC VMD
detined in this pan of 1SO/IEC 95086.

6.4.1.1 NC Named Varlable Objact

Object: NC Named Variable
All MMS dafined Named Variable Attribttes

6.4.1.2 Davice State
The Device State maps to a Davics Domain specific Named Variable. The name and structure of this variabile is defined in
clause 8.3,

§.4.1.3 Baslc Information
The Basic Information maps 1o VMD specitic Named Variables. A name prefix and the structure of thess variables is defined
in clause 8.3.

5.4.1.4 Davlce Informatlon
Tha Dsvice Information maps to Device Domain specific Named Variables. Name prefix and structure of these variables ara
defined in clause 8.3.

6.4.1.5 Process Information

The Procass Information maps to domain specitic Named Variables, The Procass information domain which contains these
variablas only exists during the life of ts corraspanding Cantrolling Procass, and so do these Process Information variables,

Name pratlix and structure of Named Variables Lists rapresenting Controlling Process Information are defined in clause 8.5.

6.4.1.6 Data Store Inicrmatlon

gana Store Information shall be mapped 10 the following Named Variable Objects which ara contained in the NC Data Stare
omain:

N_StoraType — shall identify the type or other characteristic of the storage medium.

N_MaxStareEntries — shall specify the maximum number of data store entry objects this data store may hold,

N_MaxStareCapacity - shall specify the maximum octst count of data which this data store may hold.

N_CurrantEntries — shall spacify the current number of data store antrias contained in this data store.

N_RemainingEntries — shall specify the number of available entries which are unused.

N_CurrentCapacityUsed — shall specify the octet count of the space used by data currently conlained in this data store.

N_RsmainingCapacity — shall contain the octat count of the space which is currently unused in this data stora.

6.4.1.7 Data Store Entry

Data store entries shall be mapped to Named Variable objects. Name prafix and structure of these variables are defined In
clause 8.3. Part of the identification of a data store entry shall ba the name of the NG Domain object which the antry

rapresents.

6.4.1.8 Offsat modal
The offsat model shall be mapped 1o the following Named Variable Objects:

- N_ZeroAxses —contains the zsro offset valuas
- N_AxisValTrans — contains the axis transiormation values

- N_Machine_CS — describes the machina coordinata system
- N_AciProg CS - identifies the active program coordinate system
- N_GeomalryTrans — contains the geometry transiormation values.
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6.4.2 Definltion Of NC Specific Objects Which Mep To Named Variable List Oblects

The MMS Namad Variable List object provides for the assignment of one nama for a group of {mere or tess) independent
MMS Variables which may be accessed together. Thus, the NC-CS user may read the Device Information, by accassing its
variable list name, without the nead to separately accass the variables contained therain,

6.4,21 NC Named Variable List Object

Object: Named Variable List
All MMS defined Named Variabie List Attributes

6.4.2.2 Basic Information List

The Basic laformation List shall contain ona ar more of the named variables representing Basic Information. Naming of the
Basic Information List is defined in clause B.5.

6.4.2.3 Device information List )
The Device Information List shall contain one or more of the named variables rapresenting Devica intormation. Naming of
the Device Information List is defined in clause 8.5.

6.4.24 Process Information List
The Precess Information List shall contain one or more of the named variabies representing Process Information. Naming
of the Procass Information List is defined in clause 8.5.

6.4.2.5 Data Store Entry List
The Data Store Entry List shall contain one or more of the namaed variables representing data store entries. Naming and
structure of the Data Store Entry List are defined in clausa 8.5.

The unique identifier of the Data Store Entry List shall be N_EntryList.

6.4.3 Deflnitlons Of NC Specific Objects Which Map To Named Type Objects
Object: NG Named Type Objects

All MMS defined Named Typae Object Attributes
NOTE - This standard does not standardize any sanvices for NC specific named type objacts.

6.4.2.1 Data Store Entry Type
There shall be only one Named Typa Variable in the NC Data Stora domain. This use of 2 singla namad type variable shall
aflow implamenters to extand the scope of the data store model 1o include attributes not defined in this standard.

The only restriction on implementers is that they shall inciude the following data type atiributes with their new data types. i
this restriction is followad, the conforming client will ba able to retrieve the attributss of the Data Stora Entry type, and to
accass any Data Store Entry object via the read variable service using the standardized aftributes.

Narning and structure of the Data Store Entry Type are defined in clause B.6.

hts unique identifier shall be N_DataStoreEntry.

The attributes of the Data Store Entry Typa shall include:

a) Data Name -- a visible string equal to the nama of a Domain cbject whase content is assigned to this data store.

b) Data Type — a visible string identitying the format of the domain cortent as it would ba upioaded or downloaded. This

string shall be equal to "Nen-Coded" if the non-coded chokce of lkeadData shouid ba used, and equal 1o the name of the
ORJECT IDENTIFIER of the syntax used if the coded choica cf load Data should be used.

¢} Data Size -- a number represanting the count of octets assigned 1o the domain which this aniry represents, from the
N_CurrentCapacityUsed attributa ot the data store domaii.

d) Creation Date - a value representing the time of craation of the gdomain which this entry represants,

e) Last £dit —a value representing tha time of the last modification of the content of the domain which this entry reprasents.

f) Proteciion Mode - a visible string representing the access levelor privilege required 1o access the coment of the domain
which this entry represents.
Dataull = empty. )

g) Data Source — a visible string represanting the location trom which the content of the domain which this entry rapresents,

was obtained.
Default = empty.
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6.4.4 Definition Of NC Spectic Objscts Which Map To Event Condhion, Event Action And Event Enrollmemt Objects

6.4.4.1 NC Alarm Mods!

Tha NG Alarm Modsi maps to the MMS Event Medai. The NC Alarm Condition maps to an Event Condition object limked to
ona ar more Event Enroliment objects. The sending of an NC Alarm Notification maps to the MMS EventNatdicatian Servics.
Acknowledgment of an NC Alarm Notificatian maps 1o the MMS AcknowledgaEventNetification Sarvice, If the NG supports
the request of summary information about the current status of NG Alarm Canditions, then it shall use tha MMS
GstAlarmSummary Service for this. NC-CS users may mask or unmask alarms by using the MMS AlterEventConditionMo-
nitoring sarvice. It should alsc be possibla to mask or unmask alarms by local action.

6.4.4.1.1 NC Event Conditlon Object

Object: NC Evant Condition
All MMS defined Event Condition Atiributes
Additicnal Detail - No additional attributes are defined in this standard.

NC Event Conditions typically are predefined. This standard specifies that the MMS Event Condition Attributes be restricted
to the following:

Attribute: Event Condition Name = NC Alarm Condition Name
Antribute: Event Condition Class = MONITORED

Attribute: State = NC Alarm Condition State

Attribute: Sevarity = NC Alarm Severity

6.4.4.1.2 NC Event Enrollment Object

Object: NG Event Enrolimant
All MMS defined Event Enrollment Attributes
Additional Detail - No additional attributes are dafined in this standard.

NC Evant Enraliments typically are created in the connection establishmant phase by local means. This standard specifias
that the MMS Event Enrollmant Attributes be restricted to the following:

Attribute: Enrollment Class = NOTIFICATION
Attributa; Alarm Acknowledgment Rula = NC Alarm Acknewledgment Rula

6.4.5 Mapping of ths Switching Model to MMS Objacts
This clause defines the mapping of the general switching oparation mode! developed in clause 5.1.5 to the abstract pbiects
and sarvices dafined in ISCAEC 9506-1 and ISOAEC 8508-2,

The switching model is based on two named variabla objects of the type BOOLEAN. The first variabte, "Switch_Cammand”,
acts as a switching mechanism trigger. The second variable, "Switch_Position”, is used 1o indicate the aciual position of the
swilch or the resulting position of the switching operation. Further information about these two variables may ba found in

clausse B.3.
MOTE - The swilching model defined in this part of ISONEC 8506 shali oaiy be used for simpla switching operations. Complex switching
operations shall be based on program invocations.

To inftiate a swilching opaeration the anrclled NC-CS user shali issue a write.requast to set the value of the variable
Switch_Command either TRUE or FALSE, depending on whather the desired and rasult is to switch "ON” or "CFF" {see

figure 24).

Switch Switch_Command

ON TRUE

OFF FALSE

Flgure 24 - Relatlon between raquested switching and vaiue ot Switch_Command

Tha recaipt of a writa.indication witch_Command = TRUE or FALSE causes a stats transition from the SWITCHING
PROCESS IDLE state to tha unnamad intermadiata state (see figure 25).

Depending on whether tha variabla wiita operation has succeedad or failed a write.response {+) or a write.response (-}
should be issued by the NG systam.
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A successtul variable write operation shall causa a state transttion from the intermediate to the SWITCHING PROCESS

PENDING state.
A failed variable write oparation shall cause a state transition back from the intermediate to the SWITCHING PROCESS

IOLE stats.
While in the SWITCHING PROCESS PENDING state, #t shall be a local matter for the NC system to actually executa the

swilching command.
An InformationRepart.request shall inform the enrolled NC-CS usar about the state of the variable Switch_Position.

The transmission of the InformationRepart witch_Posftion = TRUE or FALSE shall cause a transition from the SWITCHING
PROCESS PENDING to the SWITCHING PROCESS IDLE stata.

SWITCHING
PROCESS
IDLE

T T2

|3
SWITCHING

PROCESS
PENDING

Figure 25 - Swhching Process State Diagram

The transitions of the state diagram are as follows:

1 - Writae.indication

2 - Write.respansa (-) or Writa.respense {+) Success = falss
3 - Write.rasponse (+) Success = true

4 - InformationReport.raquest

NOTES -

{1) On occasion the NC-CS user may attempt set the switch 1o its cusrent pasition. In this case, the swiiching command shall be accepted
and the “switching process® exscuted without changing tha position of the switch,

(2} Itis alocal issue of the NG system to ensure that during a pending switching operation no additional switching order is acceptad. The
NC should refuse the write access of the Switch_ Command variable, in this cisa.

6.5 Definition Of New MMS Abstract Objects To Support Other NC Speeific Objects

Thera are no new MMS abstract objects defined in this standard.

7 Services
7.1 Uss of tha MMS sarvices
The abstract syntax as defined harain are part of the ASN.1 module "1S0--9506-NCCS-1*,

1S0-9506-MMS-NCCS-1
{iso standard 9506 par{4) mms-nccs-moduls-versiont (1)}

DEFINITIONS ::= BEGIN
IMPORTS MMSpdu, ServicaSupportOptions, ParameterSupportOptions, integert 6

FROM MMS-General-Module-1
{iso standard 9506 part{2) mms-genaral-module-version1 (23);
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CS-Status-Requast == NULL

CS-Input-Reguest == NULL

CS-Output-Reguest == NULL
CS-InitiateDownloadSequence-Request :a NULL
CS-DownloadSegment-Request 1= NULL
S-TarminateDownloadSequencs-Request ©.= NULL
CS-InitiataUploadSsequence-Request = NULL
CS-UploadSegment-Raquest = NULL
CS-TerminateUploadSequence-Requaest = NULL
CS-RequestDomainDownioad-Request ©i= NULL
CS-RaquestDomainUpload-Raquest t= NULL
CS-LoadDomainContent-Requast = NULL
C$-StoreDomainContent-Request = NULL
C5-DeleteDomain-Aeguest = NULL
CS-GetDomainAttributes-Request = NULL
CS-CreatePrograminvocation-Request ;= NULL
(S-DeletePrograminvocation-Request = NULL
CS-5tart-Request ;= NULL

CS-Stop-Request = NULL

CS-Resuma-Request = NULL

CS-Rasel-Request ;1= NULL

C5-Kill-Request = NULL
CS-GatProgramlnvocationAttributes-Request » NULL
CS-DefinaEventCondition-Request = NULL
CS-DalsteEventCandition-Request ;= NULL
CS-GetEveniConditionAttributles-Request 1= NULL
CS-ReportEventConditionStatus-Requast S= NULL
CS-AlterEventConditionMonitoring-Request = NULL
CS-TriggerEvent-Requast == NULL
CS-DefineEventAction-Request &= NULL
CS-DeleteEventAction-Request := NULL
CS-CetEventActionAttributes-Reguest &= NULL
CS-RspontEventActionStatus-Requast = NULL
C&-DetineEvertEnrollment-Request = NULL
CS-DalgteEventEnrollment-Raquast = NULL
CS-AltarEventEnroliment-Request &= NULL
CS-AeporEventEnrolimentStatus-Request = NULL
CS-GatEventEnrolimentAttributes-Request = NULL
CS-AcknowledgeEventNotification-Request = NULL
£S-CetAlarmSummary-Request == NULL
CS-GetAlarmEnrolimentSummary-Raquest = NULL
CS-ReadJoumal-Request ::m NULL
CS-WriteJournal-Request ;= NULL
CS-InftializeJournal-Regquast = NULL
CS-ReportJournalStatus-Request = NULL
CS-CreateJournal-Request == NULL
CS-NeleteJournal-Request 7= NULL
CS-GetCapabilityList-Raquest = NULL
(S-Status-Response == NULL

CS-input-Response == NULL
CS-Output-Response = NULL
CS-IniliateDownloadSequance-Response = NULL
CS-DownloadSegmant-Response 1= NULL
CS-TerminateDownloadSequence-Response = NULL
CS-InitiateUploadSequence-Response 1= NULL
CS-UploadSegment-Rasponsa = NULL
CS-TerminatelUplcadSequence-Response = NULL
CS-RequestDomainDownicad-Responsa = NULL
CS-RequestDomainUpload-Response = NULL
CS-LoadDomainCoatant-Respanse = NULL
CS-StoreDomainContant-Response = NULL
CS-DeleteDomain-Response = NULL
CS-GsiDomainAtiributes-Response = NULL

CS-CraatePrograminvocation-Rasparise = NULL ,
12
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CS-DsletePrograminvocation-Response == NULL
CS-Stant-Response = NULL

CS-Stop-Respaonse i« NULL

CS-Resume-Respanse = NULL
CS-Reset-Response = NULL

CS-Kill-Responsa ;s NULL
CS-GetPrograminvocationAttributas-Responsa &= NULL
CS-DefineEventCondition-Response ;1= NULL
CS-DelsteEventCondition-Response ;.= NULL
CS-GetEvantConditionAttributes-Rasponse = NULL
CS-RepontEventConditionStatus-Responsa = NULL
C3-AterEvaentConditionMonitoring-Response 1= NULL
CS-TriggerEvant-Response = NULL
CS-DetineEventAction-Responss = NULL
CS-DeletsEventAction-Response = NULL
CS-GetEventActionAttributes-Response = NULL
CS-ReporEventActionStatus-Responss = NULL
CS-DafineEventEnrolimant-Responsa = NULL
CS-DalaeteEventEnroiimant-Responsa = NULL
CS-AlterEvenmEnroliment-Response = NULL
CS-ReportEventEnrolimentStatus-Response ;= NULL
CS-GetEventEnmolimentAttributes-Response = NULL
CS-AcknowledgeEventNotification-Response = NULL
CS-GatAlarmSummary-Responsa ::= NULL
CS-GetAlarmEnrolimentSummary-Response ;= NULL
CS-HeadJournal-Rasponse ;= NULL
CS-WiriteJournal-Rasponse = NULL
CS-initializeJournal-Response .« NULL
CS-ReportJournaiStatus-Response = NULL
CS-Creatalournai-Response = NULL
CS-DelateJourmal-Rasponse = NULL
CS-GetCapabilityList-Response == NULL
CS-UnsolicitedStatus = NULL
CS-EventNotification ;= NULL
CsAdditionalCbjectClasses = NULL
EN-Additional-Detail ::« NULL

EE-Additional-Detaii :» NULL

JOU-Additional-Detail ;= NULL

AS-Filter == NULL

7.2 Dellnitlon and use ol Appilcation-speacific Services

There are no NG specific Services defined in this standard, other than the NC specrf:c Initiate sarvice.
AddiionalService-Request ;1= NULL

AdditionalService-Responsa ;= NULL

AdditionalServica-Errar = NULL

AdditionalUnconfirmedSarvica ;= NULL

7.3 The initiate Servics and Protocol

Two reiated NC-specific paramaters are defined by this part of ISO/IEC 9506 for the MMS Initiate servica. For the MMS
Initiate-RequestPDU this standard defines the CSRequestDetail paramater, and for the MMS Initiate-RasponsePDU, the
CSResponseDstail parameisr,
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7.2.1 Deslinitlon of NC-speclfic Inftiate Service

Extansions
Ferthis servica the following additional parameters are required to astablish the NC context, and idantify tha functionality to
be used in that contaxt,

Table 3 - NC-speclic CS parameters for Initlate

Parameter Name Req Ind Asp Cnf

€3 request detail

Proposed Version Number
Propcsed Pararmater CBB

Services Supperted Calling

Fol g
LT

CS response detail
Negotiated Version Nurmber M (=)
Negotiated Parametar CBB M (=}
Sarvices Supported Calied M

ol g

Propased version number - is the highest version number which the requestst supports
Negaotiated version number - is the version number which shall ba used during the association.

Proposed Parametar CBB - is the set of parameter building blocks which the calling MMS-user shall support in the NC
context. The value in the indication primitive shall be the intersection of tha sat requasted, and the set supportac by the

MMS-providar in NC cantaxt.

Sarvices Supported calling - is the set of sarvices which the calling MMS-usar shall support in the NC context. The valua in
tha indication primitive shail be the intersection of the sat in the requast primitive, and the set suppored by the MMS-provider.

Services Supported called - is the sat of services which the called MMS-user shall support in the NC context. The value in
the canfirm primitive shal! be the interseclion of the set in the tesponsa primitive, and the sat supparted by the MMS-provider.

‘The definition of "supported” shall be as defined in MMS.

7.3.2 Dellnilon of NC-specitic Inltlate Frotocol
InitRequestDetail 1= SEQUENCE {

proposedVersionNumbsar [0] IMPLICIT Integer1§,

proposedParametarCBB [1]IMPLICIT ParamsterSupportOpticns,

servicesSupportedCalling [2] IMPLICIT SarviceSupportOptions
IntResponseDetail ;;= SEQUENCE {

negctiatedVersionNumber [0] IMPLICIT integer18,

negotiatedParameterCBE [1] IMPLICIT ParameterSuppoitOptions,

setvicasSupportedCalled [2] IMPLICIT SarvicaSupportOptions

7.4 End of Module
The following END statement closses the moduls, opened by begin in section 7.1

END

8 Standardized NC Specitic Cbjects

NC spacific MMS objects are standardized in this clause by standardizing the name attributes of thase objects. All names
and nama prafixes which ara standardized in this part of ISO/IEC 9506 shall begin with a two character sequencs contzining
a capital lsttar "N” in the first characier position of the name and an tndsrscore character, ™", in the second character

position of the namse.
While not all names sIandafd[zigid herein may be supported by all implamentations, those which are supporiad shall be listed
in the appropriate PICS entry (sas the conformancs clauss).
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If an implamantation uses an object whese semantics matches the semantics of any standardized NC spaciiic cbjsct delinsd
herein, then such implementation shall uss tha standardized object, rather than a privately defined object with a non-stand-
ardized name. Convarsaly, implamentations may not use any standardized name in any way other than dafinad in this pan

of 1ISC/IEC 95086.

8.1 Domain Cbjects
The name of each of the standardized NC specitic domain objects dafinad in the following subclausas, shall be constructed
in the way specified.

8.1.1 Device Domaln

The name of any device domain shail begin with the six character prefix "N_DEV_*", complemented by a user or implemanter
detined device identifiar.
Object: Domain
Koy Attributa; Domain Name « "N_DEV_..." -
Aftribute: List of Capakilities
Attributa: State

Aftribute: MMS Deletable = FALSE

Attribute: Sharable

Attribute: Domain Content

Altribute: List of Subcrdinate Objects

Altribuia: List ot Program invocation References
Aftribute; Upload in Progress

B.1.2 Program Domaln
The nama of any program domain shall bagin with the six character prefix *N_PRG_°, complementsd by a user or
irnplementar defined machine pregram identifier.
Object: Domain
Key Attribute: Domain Name ="N_PRG_...*
Attributa: list of Capabilitias
Attribute: State
Attribute; MMS Delotable
Attribute: Sharable
Aftribute: Comain Content
Aftribute; List of Subordinate Objects
Attribute: List of Program Invocation References
Attribute: Upload in Progress

8.1.3 Procass information Domain

The nama of any procass information domain shall begin with the six character prefix "N_PID_*, complamented by s
associated program invocation identifier,
Objoct: Domain
Key Attribute: Demain Name = *N_PID_..°
Aftribute: List of Capabilities
Attribute: State
Aftribute: MMS Delatable
Attributa: Sharable
Aftribute: Domain Content
Attribute: List of Subordinats Objacts
Attributa: List of Program Invocation Refarences
Attributa: Upload in Progress
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8.1.4 Tbol Data Domain

The name of any too! data domain shall begin with the six character prefix "N_TLD_*, complemented by the usar or
implementer defined means of production data table identifier.
Object: Domain
Key Atiribute: Domain Name = "N_TLD_...*

Altribute: List of Capabiiities

Artribute; State

Attribute: MMS Deletakie

Attributa; Sharable

Attribute; Demain Content

Attributa: List of Subordinate Objects

Attribute:  List of Program Invocation Refersnces

Attribute:  Upload in Prograss

81.5 Means Of Production Data Domain

The name of any means of production data domain shall begin with the six character prafix "N_MOP_*, complemantad by
a user or implemanter defined identifier.
Object: Domain
Key Attribute: Domain Name = "N_MOP_...*
Aftribute: List of Capabilitias
Attribute: Slate
Attribute: MMS Delstable
Attribute: Sharable
Attribute: Domain Content
Attribute; List of Subordinata Chjects
Attribute: List of Program Invocation Referances
Attribute: Upload in Progress

8.1.8 Setup Data

Tha name of any setup data domain shall begin with the six character preflix *"N_SET_", complemented by a user or
implemanter defined machine setup data identifier,

Object: Domain
Key Attribute: Domain Nama = *N_SET_...*

Attribute: Uist of Capabilitias

Attrribute:  State

Attribute; MMS Deletable

Attributa: Sharable

Attribute; Domain Contant

Attribute: List of Subordinate Cbjects

Atftribute; List of Program Invocation Rafarances
Attribute:  Upload in Progress

B.1.7 Statistical Data

The name of any statistical data domain shall begin with the six character prefix "N_SDD_*, complamsnted by a user or
implemantar defined statistical data identifier.
Object: Domain
Key Attribute: Domain Name = "N_SDD_...”
Attribute: List of Capabilitias
Attribute: State
Attribute: MMS Deletabla
Attributa; Sharabla
Attribute: Domain Content
Attribwte:  , List of Subordinate Objects
Aftribute:  , List of Program Invocation Refarences

Altributa; Upload in Progress
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8.1.8 Probe Data Tabla

The name of any probe data tabla shalt bagin with the six character prafix "N_PRB_" complemented by a usar or implementar
defined probe data table identifier. '

Object: Domain

Key Aftribute: Domain Name ="N_PRB_.."

Aftribute:
Attribute;
Attribute:
Aftribute:
Attribute;
Attribute:
Aftribute:
Aftribute:

List of Capabilitias

State

MMS Daletable

Sharable

Domain Content

List of Subordinate Objects

List of Program Invocation Referencas
Upload in Progress

8.1.9 Dilagnoestic Data

The name of any diagnostic data domain shall bagin with the six character prefix *N_DGN_* complsmanted by a user or
implementer defined diagnostic data identiier.

Object: Domain

Koy Attribute: Domain Name = "N_DGN_..."

Altribute:
Attribute:
Attribute:
Attribute:
Aftribute:

Attribute:

Aftributa:
Attribute;

List of Capabilities

State

MMS Deletable

Sharable

Domain Caontent

List of Subordinate Objects

List of Program Invocation Referancas
Upload in Progress

8.1.10 Devlce Origin Setup Domain
The standardized name "N_DOS" shall be used ta identify the domain object containing the davice origin setup procedure.

Object: Domain

Key Attribute: Domain Name = "N_DOS"

Attribute:
Attribute:
Aftributa:
Attribute:
Attribute:
Aftribute:;
Attribute:
Attribute:

List of Capabiiities

State

MMS Deletable = FALSE

Sharable

Domain Content

List of Suberdinate Objacts

List of Program Invocation Referencas « "N_DOS"
Upload in Progress
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8.1.11 NC Dala Stors Domain

The name cof any NC Data Store demain shall contain the charactars "N_STORE_", which may constitute eithers tha full name
of the data store domain o a prefix to be complementad by an undarscore and a data store idantitier, at the option of the

usar or implamentar.

QObject: Domain

Kay Attribute: Domain Name = "N _STORE_.."
Aftribute: List of capabilities

Attributa: State = READY
Aftribute: MMS Delstabla = FALSE
Attribute: Sharable = FALSE

Attribute: Domain Content

Attribute: List of Subordinats Objects - {
N_StoreTyps,
N_MaxStorsEntries,
N_MaxStoraCapacity,
h_CurrentEntries,
N_ReamainingErtres,
N_CurrentCapacityUsed,
N_RemainingCapacity,

N_DalaSioreEntry, - NOTE 1
N_EntrylList,
data store entries -NOTE 2

}
Aitribute: List of Program invocation Referances = -NOTE3
Atributa; Upload in Pregrass

Notes -

(1) implementars may substitute a dittarent named type object which indudes the atnibutes of N_DataStorsEntry.
{2) Daia sira enties may alse be of an extanded type defined by a substte named type vanable,

(3) The List cf program invocation references shall ba an emepty list

8.2 Program Invocation Objects ]
Each of the standardized NC specific objects defined in the follewing subciauses, which are mapped 1o Program Invocation
~ objects, shall be given the name specified.

8.2.1 Program Invocation Object N_DOS

The Controliing Process Program Invocation object with the standardized name "N_DOS" shail perform the cevice origin
saiup procedure. This Program Invocation shall be permanently associated with the device origin setup domain ooject with

the same nama, as specified in subclause 8.1.
Object: Program Invecation

Key Afiributa: Program Invocation Name = "N_DOS”
Atiribute: State
Attribute: List of Domain Raferences = {N_DOS, ..}
Attribute: MMS Delatable = FALSE
Attribute: Reusable = TRUE
Attribute: Manitor = FALSE

Attribute: Event Condition Referance
Aftributa: Evant Action Rafarence
Attributa: Event Enroliment Reference
Attribute: Execution Argumaent

83 Named Varlable Objects
The name of each cf the standardized NC specific Named Variable objects defined in the foillowing subclauses, shall either
be given the exact name prescribed or a name constructed in the way specified, as the case may be. The values of some
of the “type description” aitributes may be of an arbitrary range, in which case the range of vaiues (as well as the size of the
atiribute fighd) shall be daetermined and specitied by the implementar. :
The generic Named Variable objects “M_powerProblem”, "M_ELT", and "M_DAYTIME", defined in part 1 of ISO/IEC 9508,
shall be supported if the associated functicn is supparted.
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8.3.1 NC VMD Specific Named Varlable Objects
8.3.1.1 N_SWC_ - Switch Commands

The name of any "Switch_Command® variable (ses clause 8.4.5) shail begin with the six character prefix "N_SWGC_",
complemented by a user or implemanter defined identffier,

8.3.1.2 N_SWC_Remote — Command

The Namad Variable object with the standardized name "N_SWC_Remote" is dafined for remate switching of the NC system
from the REMOTE state to LOCAL When its valua is sst FALSE, then the Local/Remote Stata shaif be switched 1o LOCAL

CONTROL.
However, the NC system may not ba remotely switched back to REMOTE CONTROL.

Object: Named Variable

Koy Attribute: Variabla Name = YMD-spacific "N_SWC_Remota"
Attribute: MMS Dalatable = FALSE
Attribute:  Typa Description = boolean
Aftributa: Access Method = locally definad

8.3.1.3 N_SWP_ - Switch Positlon
The name of any "Switch_Position” variable (s@e clause 6.4.5) shall begin with the six character prefix “N_SWpP_",
complementsd by a user or implamenter defined identier.

8.3.1.4 N_SWP_Remocta — Stats Query
The Named Variable object with the standardized name "N_SWP_Remote" is defined for tha NC-CS usar to query the NC
about the Local/Remote State. Its values correspond to those of N_SWC_Remote.

Object: Named Variabie

Koy Attributa: Variabla Name = VYMD-specific "N_SWP_Ramote"
Attributa: MMS Deletable = FALSE
Atributa:  Type Description = boolean
Attribite: Accass Msthod =~ locally defined

The NC-CS user shall have only read access to this variabie.

8.3.1.5 N_INF_ - Basic Information

Tha names of the Named Variabla objects designed to provide basic information about the NG system shall begin with tha
six character prefix "N_INF_*", complemented by a user or implementer defined identifiar.

Object: Named Variable

Ksy Aftribute: Variable Name = VMD-specific "N_INF__. "
Attributa: MMS Delatable = FALSE
Attribute: Type Description = as required by the implementation
Attribute; Access Mathod = locally defined

8.3.2 NC Domaln SpecHlc Named Variable Objects

The following Named Variabla objects shall be of demain-spacific scops. More specifically, ths scope is that of the davice
darnain, because these objects are davice related. Becauss of this, the name of the corresponding device domain shall be

includad in the abject nama.
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8.3.21 N_NumAxes - Number Of Machine Axas

The Namad Variable object with the standardized name "N_NumAxes®, which contains the "number of axes" value, shall
be a static object of the device with which 1t is associated. I may be used within other configuration related data structures

of the device.
Object: Narmed Variable

Key Attribule: Variabie Name = domain-specific {
domainlD "N_DEV_..",
itemID *N_NumAxas”)
Attribute: MMS deletable = FALSE
Attributa: Typa Description = unsigned 8
Attribute:  Access Mathod = locally defined

The NC-CS user shall have only read access to this variable.

8.3.22 N_ZsaroAxss - Axes Zaro Otffsets

The Named Variable object with tha standardized name "N_ZsroAxes” contains the zaro ofisat values for alt axes of the -
device. The number of zero offsets supparted within an NG system s implemantation dependaent, and (along with the number
ot axes) it shall be specified for each devica in the appropriate PICS entry.

Object: Named Variable

Key Attribute: Variable Name = domain-specific {
domainiD *N_DEV_..*,
itemiD "N_ZeroAxes”)
Atiribute: MMS Dolatable = FALSE
Attribute: Type Description = structure {
components { :
{componentNams ‘“on*, ~ Zero offsats on
componentType  booleani, — Switch for all axes

{componentName  “zeroOffsets®,
componentType  array {
numberCitlaments = n-NumAxas-value
i — ona offset par axis
slemantType  structure {
components {
{componentName “nameOfAxis®,
componeniType  visible-string 1},
= "x", 'y, "z", etc.
{componentName  “on®,
— Zgro offsets on for
- this axis
componentType  boolean,
{componentName “zermOffsets”,
componentType amay {
numberCiElsmants = number-of-zero-ofsets,
— davice specilic constant
elementTypa structure {
components {
{componientName “on®,
- zero oftset on/oif
companentType  boolean),
{componentName “zeroOffsat™,
- zamo offsat value
componsntType floating-point {

format-width 32,
exponent-wicth 8}
PPN
Atribute:  Access Method = lcally defined
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8.2.23 N_AxisValTrans - Axis Transiermation

The Named Variable object with the standardized name "N_AxisTrans"® contains the axis value transformation matrix for
each axis of the device. The number of axis valus transiormations supported within an NC systam is implementation
dependent, and (along with the number of axaes) it shall be spacified for each devica in the appropriate PICS aertry.

NQOTE - The meaning of the components value1, and valued depends on the current type of transformation indentified by the vaive ‘of
the component “primitive’. Thus, for a transition tha 3 componants represent a vector in tenms of the coordinates x, y, ans z. In case of
scaling, a scale factor may be spedfied for each coordinate axis. In case of mirroring valua1, vaiue2, and valued identify mirroring aboust
the xy plane, yz plane, and zx plane respactively. Only the valuet 0 and 1 shail be valid in this case, such that a value of 1 means mirroring
about the indicated plane.

Object: Named Variable

Key Attributs: Variable Name = domain-specilic {
domainiD "N_DEV_..",
temiD *N_AxisTrans* }
Attributa:  MMS Dsletable = FALSE
Attribute:  Type Description = structure {
componants {
{componantName “on®, — Transformations on
componentType boolean }, — Switch for all axes

{componentName “transformations*,
componentType amay {
numberOfElements = n-NumAxaes-valua,
— One per axis
elementTypa structure {
componams {
{componentName “nameOfAxis®,
componentTypa  visible-string 1 ),
-, "y, etc.
{componentName “"on®, — transformation on/off for axis
compenentTypa  boolean),
{componentName “transtormationSequence”,
componentType  amay{ - elements in the order of
: < - - application
numberOfElemants = number-of-axis-value-transtormations,
— implementation dependant
elementType structure {
componerts {
{componentName “on®, — primitive on/off
componeniType  boalean),
{componantName “primitive”,
compenentType - unsigned 8},
— Transiation(0),
~ Scaling(1),
~ Mirroring(2)
{componentName “value®, — parameter value
componentTypa  floatingpoint { - ignored if M()
format-width 32,
exponant-width 3} }]) }}
1
Attribute: Access Method = locally defined
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8.3.2.4 N_Machlne_CS - Machine Coordinats System

The Named Variable object with the standardized name "N_Machine_CS5~ shail be used as the origin of the machine
coordinate system.

Object: Named Variable

Kay Attribute: Variable Name = domain-specific {
domainiD *N_DEV_..7,
tamiD *N_Machins_CS"}
Aftribute: MMS Delatable = FALSE
Anribute: Type Dascription = structurae {

companents {

{componantName  "X5,

compenentType  floating-peint |
format-width 32,
axpanent-width 8} },

{componentName  *y",

compenentType  fhating-point {
format-width 32,
axponent-width 8} J,

{componentName °z",

componentType floating-poirt {

format-width 32,
exporsnt-wicth 8} }

1
Attribute:  Accass Mathod = locally delinad

8.3.2.5 N_ActProg_CS — Active Program Coordlnate Systam
The Named Variable object with the standardized name "N_ActProg CS” contains the ideniifier far the coordinata system
of the currently active, of to ba activated, machine program.

Object: Named Vanable

Key Attribute: Variable Name « domain-specific {
. domainlD *N_DEV_...".
temID "N_ ActProg_CS"}
Attribute:  MMS Daletable = FALSE
Atribute: Type Dascription = visbla-string -32
— refarences the actual coordinats system, which may be one of
— the fellowing:

— N_UNDEFINED_CS if undefined

—  N_DEFAULT_CS for default coordinate system

—  N_MACHINE_CS for machine cocrdinate system

Any other, such as N_Palleti_CS for pallet 1 coordinate
-~ systam

Attribute; Accass Mathod = locally defined

8.3.2.6 N_GeomstryTrans — Gaometry Transformation
The Named Variabla object with the standardized name "N_GeometryTrans® contains the geometry transformation matrix
for the device. The number of geometry transformations supported within an NC system is implementation dependent

NOTE - if an NG supports only mirroring, for example, the array value *number-ci-gecmetriy-fransformations® within the structure of the
N_Geometry Trans object shail ba set to 1 and the component value *primitive” to 2 (mirtoring), which should be READONLY. How
enter this component value shail be & local matter. If an NC supports only a predefined sequence of primitives, a writa access D ¢hange
the order of the primitives shall fail.
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Cbject: Named Variable

Kay Attribute: Variable Name = domain-specific {

domainlD
itemiD
Attribute: MMS Delstable = FALSE
Attribute: Type Dascription = structure {
components {
{componentName “on®, — Transformation on

componentTyps  boolean),
{componentName “transformations®,

componentType  amay {

ISC/IEC DIS 9508-4 : 1981 (E)

N _DEV_..",
"N_GeometryTrans" }

numberCiEiemants = number-cf-geometry-transformations,
— implementation dependent.

elomemType slructure {

-~ Elemants in tha axact

- order of transformations.

compaoneants {
{componentNama “on®, - primitiva on/oft
componemtTypa  boclsan},
{componantName “primitive”,
componertlype unsigned 8}
— Translation (0),

-~ Scaling (1),
— Mitroring (2),
— Rotation (3),
{componentName “valuel®,
compenentTypa  floating-point {
format-width 32,
exponant-width 81},
{componentName “value2®,
compenantType  floating-point {
format-width 32,
axponent-width 8} },
{componentName “value3®,
companentType  floating-point {
format-width 32,
expanent-width 8 } }
Jitih}
Aftribute:  Access Msthod = locally defined

Note - The maaning of the components value1, value2, and valued depends on the current value of the companent primitive: In case of
transiation the 3 components represant a vector in terms of the coordinate system X, y, and Z. In case of saaling for Bach coardinate axis
a scaling factor may be specified. In case of rotation the angles about x, y and 2 axis may be specified. in case of mirroring the planes
about which mirroring i effective may ba ssleciad. In this case for each component only the values 0 and 1 are valid. A value of 1 means
mirroring about the plane. The xy plane may be selected by the component valuei, the xz plane by the componant value2,.and the xz

plane by the component vaive3.

8.3.2.7 N_FAL - Feedrate Limit

The Named Variable object with the standardized name "N_FRL" shall contain the value of the maximum feedrate permitted

for the associated device.
Object: Named Variable

Kay Attribute: Variable Name = domain-specitic {

damainlD
temiD
Attributa: MMS Doletable =~ FALSE
Attribute; Type Description - array {
numberCfElemants = n_NumAxes-value,
elementType floating-point{
format-width 32,
) gxponant-width 81}}
Attribute: Access Methad = kcaily dafined
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8.3.28 N_FRO_ON - Feedrate Overrids ON/OFF

The Named Variable object with the standardized name "N_FRO_ON" shall ba used o activate feedrata ovarrids. i its value
is TRUE, the current value contained in the variable N_FRO shall be applied to tha program feedrate, Otherwise the local
ovarride value shall be active,

Objact: Named Variable

Key Attribute: Variable Nama < = domain-specific {
domain!D "N_DEV_...",
temiD *N_FRC_ON"}
Attribute:  MMS Deletable = FALSE
Aftribute:  Type Dascription = boclean
Attribute:  Access Method = locally defined

8.3.29 N_FRO - Feedrate Override

The Named Variable cbject with the standafdi.zod name "N_FRO" shall contain the feedrate cverride, in percant or value,
to be applied 1o the programmed feedrate.

Chbject: Named Variable

Key Attribute: Variable Name - « domain-speciiic {
domainiD "N_DEV_...",
itemiD *N_FRO%
Attributa:  MMS Daeletable = FALSE
Attribute:  Type Dascription = structure |
componens {
{componentName ‘*overmidePserCent”,
componentType  boolean), ~ it TRUE then

~ value given in parcent
{componentName ‘*overmridaVaiue®,
componentType floating-point {
format-width 32,
exponent-width 8} )} }
Attrbute:  Access Method = locally defined

8.3.210 N_OSP - Optional Stop
The Named Variable object with the standardized name "N_OSP" shall be used 1o activate the optional stop moda. H its
vaiuae is TRUE, the optional stop moda shall be active.

Object: Named Variable

Key Attribute: Variable Name = domain-specific {
domainiD -*N_DEV_...,
temiD "N_OSP7}
Attrbute:  MMS Deletable = FALSE
Auribute:  Type Description = boolean
Attribute:  Access Mathod = locally defined

8.3.211 N_RPO_ON - Rapid Override ON/OFF

The Named Variable object with the standardized name "N_RPQO_ON" shali be used to activate rapid overide. If its value
is TRUE, the current value contained in the variable N_APO shali be applied to the program rapid feedrate, Otherwisa the
local defauit value shall be active.

Object: Namad Variable

Koy Attribute: Variable Nama = domain-specific {
domainiD "N_DEV_..",
itemID *N_ON7} .
Atribute:  MMS Deletabls = FALSE
Atrribute:  Type Deseription = boolean
Attribute:  Access Method = |ocaily defined
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8.3.2.12 N_RAPO - Rapid Override

The Namad Variable object with the standardized name "N_RPO" shall contain the rapid override, in parcent or value, 1o be
applied to ail programmed rapid moves, for those devices which do use separate overrides for rapid moves and rnachining
{eedrates.

Object: Named Variable

Keay Attribute: Variable Name = domain-specific {
domainlD "N_DEV_...5,
itemiD "N_RPC"}
Attribute:  MMS Deletable = FALSE
Attributa:  Typa Description = structure {
components {
{companentName ‘ovemidePerCent”,
componentType  boolsan], - f TRUE then

~ value given in parcant.
{componentName “overrideValue®,

componentTypa  floaling-point {
format-width 32,

exponant-width 8] } } )
Attribute: Access Methed = locaily defined

8.3.213 N_NumSpindle - Number Of Spindles

The Named Variable object with the standardized name "N_NumSpindies®, which comains the "number of spindles® value,
shall be a static object of the device with which it is associated. It may be used within othar spindie related, structured data

objects of the device, such as spindle spsed limits.
Ohbject: Named Variable

Key Attribute: Variable Name = domain-specific {
domainiD *N_DEV_..°
terniD *N_NumSpindle” }
Attribute: MMS deletable = FALSE
Attribute:  Type Description = unsigned 8
Attribute:  Access Method : = locally defined

Tha NC-CS user shall have only read access to this variable.

8.3.2.14 N_SSL - Spindle Speed Limit
The Named Variable object with the standardized name “N_SSL" shall containtha value of maximum spindle spead permitted
by tha associated device.

Object: Named Variable

Key Anribute; Variable Name = domain-specific {
domainlD "N_DEV_..",
temiD *N_SSL"}
Attribute: MMS Daletable = FALSE
Attribute:  Type Description = array {

numberOfElements = n-NumSpindles-value,
alemantType floating-point {
format-width 32,
exponent-width 8} }
Aftributa;  Access Methed = lkocally defined

8.3.215 N_SSO_ON - Spindle Speed QOverride ONJOFF

The Named Variable object with the standardized name "N_SSO_ON* shall be used 1o activate spindle speed overrde.
its value is TRUE, the current value of the variable N_SSC shall be applied 1o the programmed spindle speed. Otherwise
the loca! (dafautt) spindle speed averride value shall ba active.
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Cbject: Named Variabla

Key Aftribute: Variable Nama = domain-spacific {
domaintD *N_DEV_...",
itemiD *N_S50_ON-}
Attribute: MMS Dalatable = FALSE
Attribute:  Type Description = boolean
Attribute:  Access Method = locally defined

. 8.3.216 N_SSO - Spindls Speed Override
The Named Variable cbjsct with the standardized name "N_SSO" shail contain the ovemide value, in percent of vaiue, 1o
be applied to the programmed spindle speed.

Objact: Named Variable

Key Attribute: Variable Name . = domain-specific {
. domainiD "N_DEV_..",
itemID "N_5S80*}
Attribute:  MMS Deletable = FALSE
Attribute:  Type Description = array {

number of slements = n-NumSpindles-value,
slamentType structure {
componants |
{componentName “ovemidsPerCent”,
componantType boolean }, - it TRUE than
- value given in
— percent
[componentName “overrideValue®,
componertType floating-paint {
format-width 32,
exponant-width B} }1}1

Aftribute;  Accass Method = locally defined

8.3.217 N_DEV_STATE - Devics State
The Named Variable object with the standardized name "N_DEV_STATE" shall contain the davice state.

Chbject: Named Variable

Key Attribute: Variable Name = domain-spaciic {
domain!D *N_DEV_..",
fterniD "N_DEV_STATE"}
Attribute: MMS Deletablis = FALSE
Attribute: Type Description = unsigned 8
Attribute:  Access Method = locally defined

Peossible values of this variable are:

-1 = POWER OFF
2 = READY
3 = NOT READY

The NC-CS usaer shall hava only read access to this variabla.

8.3.218 N_DEVINF_— Device Informatlon
The names of aliNamed Variable objects which contain basic infarmation about the device, shall begin with the nine character
prafix "N_DEVINF_*, complemented by a user cr implamenter defined identitier.

Objact: Named Variable

Key Attributa: Variabla Name = domain-specific {
domainlD "N_DEV_..",
iternlD *N_DEVINF_.."}
Attrinute:  MMS Delatable = FALSE
Attribute: Type Dascription = list of device information
Atribute:  Access Methed = jocally defined
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8.3.218.1 N_DEVINF_DROP - Device Origin Sstup Guery

The Named Variable object with the standardized name "N_DEVINF_DROP" shal indicate the calibration state of the NC
device. A value of TRUE shall indicate that the NC davice is calibrated,

Object: Named Variable

Key Attributa: Variable Name = domain-specitic {
domainiD "N_DEV_..-,
item|D *N_DEVINF_DROP"}
Attribute:  MMS Delatable = FALSE
Attribute:  Type Dascription = boolsan
Antribute: Access Method = locally defined

8.3.218 N_SWC_Power_On - Power On Switch Command

The Named Variable cbject with the standardized name "N_SWC_Power_On" is defined to ramotaly switch the machina
powar ON or OFF. When its valus is set TRUE then the machine power shali be tumed ON, otherwisa it shall bg turned

CFF.
Object: Named Variable

Key Atirbute: Variable Name = gdomain-spacific {
domainiD "N_DEV_..",
itemiD "N_SWC_Power_On"}
Attributa: MMS Delatabla = FALSE
Attribute: Type Description = boolsan
Attriburte: Access Mathed = locally defined

8.3.2.20 N_SWP_Power_On - Powsr On Switch Pasitlon Query

The Named Variable object with the standardized name "N_SWP_Power_On" shall be usad to check whether the machine
pawer is ON or OFF. The valus TRUE of this variable shall indicate that machina power is ON,

Cbject: Named Variable

Key Attribute: Variable Name = domain-specific {
domainiD ‘N_DEV_.~,
~ itemlD "N_SWP_Pawer_Cn"
Attribute: MMS Delatable =« FALSE
Attributa:  Typae Description = boolean
Attribute:  Access Method = locally defined

8.3.221 N_StoreTvpe
The Named Variable object with the standardized name "N_StoraType” shail contain a visible string describing the type of
storage medium, or other pertinent information about it.

Object: Named Variable

Kay Attribute: Variable Name = domain-specific |
domainfD N_DEV_...,
#em!D *N_StoraTyps"
Attribute:  MMS Dalstable = FALSE
Attribute:  Type Description = visible-string -32
Atlribute:  Access Method = locally deiined

8.3.2.22 N _MaxStoreEntries

The Namad Variable object with the standardized namae "N_MaxStoreEntries” shall contain an unsigned integar specifying
the maximum number of data stare entry ohjects which may be assigned 1o this data store,

Object: Named Variable

Key Attribute: Variable Name = domain-speciic {
domainiD "N_DEV_..",
ftemID *N_MaxStoreEntries*)
Altributa: MMS Daletable = FALSE
Attribute:  Type Description = unsigned 32
Attribute: Access Method = locally defined
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8.3.2.23 N_MaxStoreCapaclty
The Named Variabla object with the standardized name "N_MaxStoreCapacity” shall contain an unsigned integer specifying
the maximum octet count of data which may be loaded into this dala stora.

Object: Named Variabis

Kay Attributa: Variable Name = domain-specific {
domainlD “N_DEV_..",
itamID "N_MaxStoreCapacity”}
Attribute;  MMS Deletable = FALSE
Attributa;  Type Description = unsigned 32
Attribute:  Access Method = locally detined

8.3.224 N_CurrentEntries
The Named Variable object with the standardized name *N_CurrentEntries” shall contain an unsigned integer indicating the
current number of data store entries assigned to this data slore.

CObject: Named Variable

Key Attribute; Variabla Name = domain-specific {
domainlD *N_DEV_..",
ftemiD *N_CurrantEntries?}
Aftribute: MMS Deletable = FALSE
Aftribute: Type Description = unsigned 32
Aftribute: Accass Method = locally defined

8.3.2.25 N_RemalningEntries
The Named Variable object with the standardized name *N_RemainingEntries” shall comain an unsigned integer indicating
tha numbar of entriss which remain available.

Object: Named Variable

Key Attribute; Variable Name = domain-speciiic {
domainlD *N_DEV_..",
itemID *N_RamainingEntries"}
Attribute:  MMS Deletable = FALSE
Attribute:  Type Description = unsigned 32
Attribute:  Access Method ‘ = locally defined

8.3.226 N_CurrentCapacityUsed
The Named Variable object with the standardized name *N_CurrentCapacityUsed® shall contain an unsigned integer
indicating the octet count of the data currently loaded into this data stora.

Object: Named Variable

Koy Attribute; Variabie Name = domain-specific (
domainiD *N_DEV_...".
itamlD "N_CurmreniCapacityUsed"}
Attributa:  MMS Delstable = FALSE
Attribute: Type Dascription = unsigned 32
Aftribute:  Accass Method = locally detined

8.2.227 N_RemainingCapacity
The Named Variable object with the standardized name "N_RemainingCapacity” shali contain an unsigned intager indicating
the octat count which is currently unusad in this data store.

Object: Named Variable

Key Attribute: Variable Name = domain-specific {
domainlD *N_DEV_..%
itemiD 'N_Remaini_ngcapaciry'}
Attribute: MMS Deletable = FALSE
Attribute: Type Descriplion a unsigned 32
Attribute:  Access Method = locally defined
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8.3.228 Data Stora Entry

This part of ISOAEC 8506 does not standardize any NC-specific Data Store Entry objects. Howevar, the following template
should ba used by an implementer to describe thase entries that are required by the implamantation,

Object: Namead Variable

Key Attribute: Variable Name = domain-specific {
domainiD *N_STORE_..",
itemiD .} - the name of the
— referanced domain,
Attribute: MMS Dsislable = FALSE
Attribute; Type Description = typeName {
domain-specific
domainiD *N_STORE_...,
— same as above
— domainlD
temiD *N_DataStoreEntry* }
Aftiribute:  Access Method = locally defined

The components of the data store entry shall be the same as the components of the Data Store Entry Type named type
object present in the NC Data Store Domain.

8.4 Scattered Access Objects
This part of ISO/IEC 9506 does not standardize any NC-specilic Scatterad Access objects.

8.5 Named Varlable List Objects
8.5.1 NC VMD-specific Named Varlable List Objects

8.5,1.1 Baslc Information List

The Named Variable List object with the standardized name "N_INF™ shall identify the List of Variables which contain the
names of one or more Named Variable objacts raprasenting Basic Information.

Object: Named Variable List

Key Attribute: Variable List Name = VMD-specific "N_INF*
Attribute:  MMS Deletable :
Altribute: List of Variable

8.5.2 NC Domain-specific Named Variable List Objects

8.5.2.1 Device Information List ,
The Named Variable List object with the standardized name “N_DEVINF" shail identify the list of variables which contain
the names of one or more Named Variable objects reprasenting devics information.

Object: Named Variable List

Key Attributa: Variable Name = domain-specilic {
domainiD "N_DEV_.",
itemlD “N_DEVINF}

Attribute: MMS Delstable
Attributa: List of Variable

2
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8.5.2.2 Data Store Entry List

The Named Variable List object with the standardized name "N_EntryList™ shall contain the names of the Named Variable
cbjects of typa Data Stare Entry trom the specilic data store.

Object: Named Variable List

Key Attribute: Variable Nama = domain-specific {
domainiD "N_STORE_..",
itamiD *N_EntryList7}
Attribute; MMS Deletable = FALSE
Aftributa; List of Variabla {

name = domain-speciic {
domainiD "N_STORE_...",
ftemiD "..°}

— same stora as above,
— nama of a Data

- Store Entry object.

} —repeated for sach Data Store Entry object in the data store.

8.5.23 Controlling Process information List
All Named Variabie List objects containing lists of "Cantroiling Process Information* shall have the name "N_PRINF", Each
such Variable List ohject shall identify a list containing the names of one or mera Named Variable objects representing

Centrolling Process sfarmation,
Object: Named Variabia List
Key Attribute: Variable Nama = domain-specific {
domainiD "N_PID_...%,
ftemiD "N_PRINFT}

MMS Deletabls
List of Variable

Attributs:
Attribute:

8.6 Named Type Objects

8.6.1 Data Store Entry Type

The Named Type object with the standardized nams "N_DataStereEntry" shall define the infarmation content of a data store
entry. ,

The named attributes of this object may be used ta access information about a domain which is assignad to the Data Store
domain which contains this named type object.

Exampla: Given a domain of name "N_PRG_1" assigned to a data stora of name *N_STORE", then, a reference to the
N_STORE (domain-speciiic) variable N_PRG_1.DataSize would yisld the octet count assigned to the domain "N_PRG_1*,
Object: Namad Type

Key Attribute: Type Name = domain-specific {

domainiD *N_STORE_...",
itemiD *N_DataStoreEntry™
Altribita; MMS Daietable = FALSE
Aftributa:  Type Description structure {
carmpenents {
{componentName = "DataNamae”,
componentType = visible-string -32},
{companentName  « *DataType®,
componentType = visible-string -32},
{componentName = *DataSizeVaiid®,
componentType = boolsan },
{componantName = "DataSize",
componantType = unsigned 32},
{componentName = "CreationDateVafid®,
componeniType = boolean },
fcomponeniName  « *CreationData”,
componeniType = generalized-tima},
{compenentName = *LastEdit",
compenentType = generalized-time },
{compenentName = "ProtecticnModse”,
componentTypa = visible-string -32 },
{componentName = "DataSource” componentTyps = visible-string 32} } }.
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8.7 Semaphore Objects

B.7.1 Control Token

The Token Semaphora objsct shall have the standardized name "N_Control™. This object shall be cf VMD-specific soo;ﬁa.
Object: Semaphora

Key Attribute: Semaphora Nama = VMD-specific *"N_CONTROL"

Attribute:; MMS Deletable = FALSE
Attributae: Class = TOKEN
Attribute: Number of Tokens - i

Attribute: Number of Cwned Tokans
Attrioutas; List of Ownars

Attributa: List of Requestars

Aftribute: Event Candition Referencas {none)

8.8 Operator Station Objacts
. This pant of ISO/IEC 9506 does nct define any names for Opsrator Station objects.

8.3 Event Conditlon Objects
This part of ISOAEC 9506 does nat define any names for Event Condition objects.

8.10 Event Action Objscts
This part of ISQ/EC 9506 does rot defineg any names for Event Action objects.

8.11 Evant Enrollment Cbjects
This part of ISOAEC 9508 does not define any names for Event Enrollment objects,

812 Journal Objects
This part of ISOAEC 9506 does not standardize any NC-specific journai objects.

8.13 Othar NC Spaclfic Objects
This pan of ISONEC 9506 does not standardiza any other NC specific objects,

9 Conformance
9.1 Conformance Class Description

This part of ISG/IEC 9506 defines just one conformancs class called NC which has the minimal functionality to establish or
da-astabiish an association, or to reject it in casa of a protocol arror. Any NC system which supparts tha conjormance class
NC shall provide the following Servicas:

initiate

Abort

Reject
In addition 1o tha dsfinition ¢f the confermancs class NC this part of ISO/NEC 9506 defines minimum requirements for each
functional group listed in Section 5.2. Any NC system supporting such a functional group shall conform to thase minimum
raquiramants.

8.1.1 Minimum Reguirements For The Functlonal Group Identity
Any NC system supparting the Identity functions shall provide the following MMS servica:

Kdentity
9.1.2 Minilmum Requiremernts For Tha Functional Group Data Transfar
Any NC system supporting Variable Transfer shall provide the following MMS services:

Read
Write
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Any NC system supporting Download of Domains shall provide the following MMS services:

IntiateDownioadSequance
DownloadSegmeni
TerminateDownloadSequence
RequestDomainDownload

Any NC systam supporting Upload of Domains shall provide the foilowing MMS sarvices:

initiateUploadSequence
UploadSegmaent
TerminateUploadSequence
RequestDamainUpload

Any NC system supporting additionaily Upload and Download of Domains 1o a Third Party Fileserver shall provide tha
following MMS services:

LoadDemainContent
StoreDomainContant

9.1.3 Minimum Requirements For The Functional Group NC Information
Any NC system supporting NC information shall provide the foliowing MMS sarvicas:

Read

%.1.4 Minlmum Requirememnts For The Functlonal Group Process Management
Any NC system supporting Process Managsmaent shall pravide the following MMS service:
Start

9.1.5 Minimum Requirements For The Functlonal Group Oparator Interface Devics
Any NC system supporting a Operator Interface Device shall provide the following MMS service:

Qutput
8.1.6 MInimum Requirements For The Functional Group Alarm Processing
Any NC systam supporting signaling of Alarms shall pravide the following MMS Service:

EventNotHication
Any NC system supporting acknowledgment of alarms shall provide the following MMS Sarvice:

AcknowledgsEventiNotiication

8.1.7 Minlmum Requlrements For The Functional Group Switching Operation
Any NC system supporting Switching Operation shall provide the following MMS services:
Write
InformationReport
$.1.8 Minimum Requirements For The Functlonal Group NC Data Store Managemant
Any NC System supporting Data Store Management shall provide the following MMS Services:

Read
DeleteDomain

8.2 Restrictions On MMS Optional Parameters
This part of ISO/IEC 9506 places no restrictions on MMS optional parameters.

9.3 Conformance To Standardized Objects

This part of ISC/IEC 9506 prescribes no conformancs to any standardized object. But the vendor of an NC system shall
pravide a list (contained in the PICS) of the standardized objects supported by iL



0.4 Addhion To MMS PICS

The following extensions 1o the MMS PICS are requirad by this part of ISONEC 5508:
9.4.1 PICS For Functional Classes

ISO/EC DIS 9506-4 : 1991(E)

Ths vendor of an NC system shall state which functional group {outlined in section 5.2) it supports.

Functional Group

supported ?

Kdentify Function

Variable Transfer

Domain Download

Domain Upload

Third Party Up/Download

NC Information

Procass Management

Operator Intaraction

Signaling of Alarms

Acknowledgment of Alarms |

Switching Oparation

NC Data Store Management

9.4.2 PICS For Standardized Objects
Tha vendor of an NC system shall state which standardized objects it supperts.

Domain
Objects

N_DEV_...

N_PRG ...

N_PID_...

NTID ..

N_MOP_...

N_SET_...

N_SDD_...

N_PAB_...

N_DGN_...

N_DOS

N_STORE.....
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Program
Invocation
Ctjects

N_DOS

Named
Variable
Objects (VMD-specific)

N_SWC_...

N_SWC_Remota

N_SWP_...

N_SWP_Remots

N_INF_..

Named
Variable
Objects (domain-specitic)

N_NumAxes

N_ZearcAxes

N_AxisVaiTrans

N_Machina_CS

N_ActProg_C8

N_GeometryTrans

N_FRL

N_FRO

N_FRO_ON

N_OSP

N_RPO

N_RPC_ON

N_NumSpindla

N_SSL

N_SSO

N_SSO_ON

N_DEV_STATE

N_DEVINF_...

N_DEVINF_DOS

N_SWP_Powsr_On

N_SWC_Power_Cn
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Named
Variable
Objects {(domain-specific)

N_StoreTypa

N_MaxStoreEntrias

N_MaxStoreCapacity

N_CurrentEntries

N_RemainingEntries

N_CurrentCapacitylised

N_RemainingCapacity

Named
Variable List
Objects

N_DEVINF

N_EntryList

N_PRINF

N_INF

Namad Typa
Cbjacts

N_DataStorsEntry -

Semaphore
Objects

N_CONTROL
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Annex A
Dynamic Download and Coded Domatns

A.1 Dynamic Downioad

Whan the siza of 1ha NC program exceeds the storage capacity of the NG controfler, it is necessary that the pregram data
be downloaded dynarnically, such that the execution of the program and the program downloading may take place
simultaneously.

This kind of operation is sometimes known as *Behind the Tape Reader" operation, because the NC program is chtained
from an external device same as from a paper tape reader. Advanced systems may make use of such a capability by using
several simultaneous dynamic program downloads for simultansous tasks.

Whaen a dynamic download is requested, the CreatePrograminvocation-Request shall inciuda in its list of domain references
one or mors linking domains whose names shall begin with the predeined prafix "N_DDL_". The content of this domain shall
be the information needed for the NC sysiem 1o begin the dynamic download.

NOTE - This domain may be created during the creation of the Program Invacation by local means with information derived from the
name of the linking domain.

As long as the dynamic domain is in the loading state, it shall be included in the [ist of domains within the program invocation.
Otherwise, there is no explicit link fram this domain to the program invocation, becauss, due to MMS restrictions, the list of
program invocation referancas attribute of the dynamic domain femains empty.

Service Procedure:
When a dynamic download is initiated via Program Invacation request, the list of domain references shall includa the name

of the linking damain beginning with the prefix *N_DDL_*". When issuing a Start on the Program Invocation, a ReguestDo-
mainDownload for all dynamic domains shall be issued by the Program Invocation. After ail initiateDomainDownlcad-Re-
quests are confirmed posttive {the dynamic domains are in the load ing state), a Start-Response shall be sent.

it a download is not possible, a Service-Error shail be issued with an error class VMD-state and an error cods ‘domain-trans-
fer-problem’. '

After receiving a DownloadSegment-Contirmation with MoreFoliows = FALSE. a TerminateDownloadSequence-Request
shall be issued with the 'discard’ paramater containing an error class 'resource’ and an error code 'memory-unavailable’.
This will iead to the deletion of the dynamic domain.

‘The linking domain shall contain all information for the dynamic downioad. it may include such tems as the following Named
Variables with predefined names:

Qbject: Named Variable

Key Attribute: Variable Name = domain-specific {
domainlD *N_DDL_...%

tamliD *N_DomainName” }
Attribute: MMS Deletabla Com
Attrrbuta:  Type Description = visible-string -32
Attribute: Accass Mathod » locally defined

Object: Named Variable

Key Attribute: Variabla Name = domain-specitic {
domainiD "N_DPDL_.."

tem!D *N_FilsName" }
Attribute:  MMS Deletable -
Attribute:  Type Description = visible-siring -32
Attribute:  Access Method = locally dafined

Object: Named Variable

Kaey Attributa; Variable Name = domain-specific {
domainiD "N_DDL_...%

tamIO *N_TPYName"}
Attributa:  MMS Deletable -
Attribute:  Type Description = octat-string
Attribute:  Access Method = locally defined

Any other information required for controlling the dynamic dawnioad shall be included in the same manner with user dafined
objects in this domain.
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No NC-specific parameter is defined by this standard for the MMS Domain Sarvices. Instaad, this standard definas Abstract
Syntaxes for transferring codad data and assigns Cbject identifiers 1o the Abstract Syntaxes. When using such an Abstract
Syntax, the “loadData* CHOICE 'coded’ shall be used. In connection with this refer to the ASN.1 standard for an explanation

of the use of tha EXTERNAL type.

A2.1 Abstract Syntax for Structured Domalns

i the coded choice of loadData is supportad for transfer of domains containing MMS objacts, this Abstract Syntax shall be
used. ISO-9506-NCCS-2 (iso standard 9506 part(4) structured-domain-abstract-syntax-version1{2))

DEFINITIONS ::= BEGIN

Imports

ObjectName, TypeSpecitication, Data, Identifier, VariableSpecification, AlternateAccess. EC-Class, Priarity, normalPrio-
rity, Severity, normalSevaerity, Unsigned32, Unsigned16, Modifier, ConfirmedSarvicaRequest, Transitions, AlarmAckRu-

i, ApplicationReterence
FROM MMS-General-Module-1

(iso standard 9506 part(2) mms-general-module-versiont 2

CodedDomainContent ::= SEQUENCE OF CHOICE {

namedVariable [0} SEQUENCE {
variableName
variableType
variableValue
b

scatteredAccoss  [1] SEQUENCE {
componantName
variableSpecification
alernateAccess

)
namedVariableList [2} SEQUENCE {
variableListName )
listOfVariabie
vanableSpeciication
alternateAccess
b
namedType [3] SEQUENCE {
typeName
typaSpeacification
|8
samaphore [4] ObjectName,
eventCondition {5] SEQUENCE {
evemConditionNamae
class
priority
saverity
alarmSummaryReports
monitoredVariabla
svaluationlnterval

evantAction [6] SEQUENCE {
aevertActionNama
listCiModifier
confirmedServicaRequest

L

{0] ObiectName,
[1] TypaSpeciication,
[2] Data OPTIONAL

[0] Idantifier OPTHONAL,
[1] VariableSpecification,
{2] AlemateAccess OPTIONAL

[0] ObjectName,
[1] SEQUENCE OF SEQUENCE {
[0] VariableSpecification,
[1] AlternateAccess OPTIONAL },

{0} ObjectNama,
[1] TypeSpecification,

{0] ObjectName,

[1] EC<Class,

[2] Priority DEFAULT normalPriority,
[3] Saverity DEFAULT normaliSavsrity,
{4] BOOLEAN OPTIONAL,

[5] VariableSpacification OPTIONAL,
{6} Unsigned32 OPTIONAL

[0] ObjectName,
[1] SEQUENCE OF Modifier OPTIONAL,
[2] CenfirmedServiceRegquest
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eventEnrallment {7} SEQUENCE {
seventEnrolimentName
aventConditicnMame
eventConditionsTransitions
alarmAcknowtedgemsntRula
evantActionNama
clisntAppiication

(0]
(]
(2]
(3]
(4]
(5]

ObjectNams,

ObjectName,

Transitions,

AlarmAckRuls,

ObjectNama OPTIONAL,
ApplicationRetarence CPTIONAL,

acknowlsdgemantEventCondition [6] ObjeciNama OPTIONAL

h

other data [8] IMPLICIT OCTET STRING

)
END

A.2.2 Abstract Syntax for Character Based Lisar Programs

¥ the coded choice of loadData is supported for transfer of domains containing character based user programs, such as
IS0 6983 programs, this Abstract Syntax shal be used. |S0O-9508-NCCS-3 (iso standard 9506 part{4) ne-program-abstract-

syntax-version1(3)) DEFINITIONS = BEGIN

CodedDomainContent := SEQUENCE OF VisbleString ~ each VisibleString contains one line of the user program.

END
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Annex B
Extension of 1ISO 9506~4 To Inciude NC Milling Machine Functionality

B.0 Introduction

This normative annex extends the general applicabiiity of ISO 9506-4. The structura of this annex is the same as that of the
main pan of this standard, such that the clauses are in alignmsnt. Howsver, not every clause in the main part of 1ISO 3506-4
may have counterpart in this annex, becauss its scepe does not require it.

B.1 Scope And Fleld Ot Application

This Annex provides the additional objects and standardized namas which may be required whan this standard is used in
NC milling machine applications, specifically in stand-alone usage (as opposed to integrated into a flexible manuiacturing
systam).

B.2 Rafersnces
This annex does not use any refarancss besidss those which ars listed in clauss 2 of 1SO 9566-4.

B.3 Definitlons )
This annex does not use any terms basides thosa which are defined in clauss 3 of 1SO 9506-4,

B.4 Symbols and Abbreviations
This annex does not usa any symbols and abbreviations besides those which are listed in clause 4 of ISO 9506-4.

B.S Application Description

In terms of this annex, NC milling machines may censist of the axes, tools, spindles, tool magazines, and user programs
which control these entities. This is illustrated in figure 26.

- Toolmagazine

- Axes

_|_/
Spindle

T~Tool

—1 Part

H OO O OHl

Figure 26 - NC Mliling Machine

B.5.1 Tooi Magazines, Too!l Holders, Tools, Edges

Milting toals consist of one or more adges. For mest applications, in addition 1o the part program data, the NC controller may
also require the gecmetrical description of tha tools used - more precisety that of their cutting edges. The chjects defined in
this annex take into account the geametrical relationships which exist betwesn tool holders, toals and edges. Also defined
herein are objects which mode! tha toc! magazines or pallets containing the tocls.
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Tool magazine, tool holders, tools, and edges are illustrated in figure 27.

' L Noider.
L [N_Tool]

L |N_Tool
Edge_ .

Figure 27 - Exampie of Tool Magazine, Tool Holder, Tools, Edges

B.6 NC Mliling Specific Context Mapﬁlng
B.6.2 Objects Which Map To Domains

B.5.2.1 Tooi Data Object

The Tool Data domain described in section 8.1.4 in the main part of this standard may be used f6r up and downloading of
named variable objects describing the tool magazine, 100! holder, toal, and 1ol edge, which are defined in this section. These
objects shall be subordinated cbjects of the tool data domain. In accord with the definitions of the main part of this standard,
mare than one real NC controlled davice may exist within the NC VMD. Each of these devicas may have its own tool storage,
of they may have a common tool storage, or both. ) ’

NOTE - in case a pallet is used for tool storage, then $e means of production data domain described in clause 8.1.5 of the main pan of
this standard should be used for up and downkoading of the named variable objects toal hoidear, tocl, and tool edge, which in this case
shall ba subordinated objects of the means of production dala domain.
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The namas of Tool Data domains shal! begin with the standardized prefix N_TLD_. An axample of the tcol data demain is
shown in figure 28.

Tool Data Domaln

Toolmagazine 1
Toolholder 1

Tool 1
Tooledge 1

Tooledge 2

Tooledge n

Tool 2
Tooledge 1
Tooledge 2

Tooledge m

Tool n

Toolmagaz!ne 2

Figure 28 - Tool Data Object

B.6.4 Objects which Map to Named Varlables
8.6.4.1 Tool Magazine Objact

This object describes the capabiiity to store tools or tool holders on the machine, and which includes the mechanism for
automatic interchange of tools or tocl holders between too! storage and machine spindle.

Key Attribute: Tool Magazine ID

Attribute:  List of Stored Objects
Attributa; Magazine Type
Attribute: Number of Positions

- Tool Magazine [D - a sefection from an implementation dafined list of possible tool storage davices,

- List of Stored Objects - a list of actual objects in the magazine. It shall be an array, with tha array size equal to tha
Number of Positions.

- Magazine Type — a selection from user defined tool magazine types.
- Numbar of Positions - the totai number ot storage locations for too! objects or tool hoider objects.

The Tool Magazina object is properly mapped into an MMS Named Variabla object. The name and structura of this variable .
is described in clause B.8.3.2.1.
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B.6.4.2 Tool Holdar Object
This cbject contains information about a tool holder.

Key Attribute: Toot Holder ID

Attribute: Tool Holder Type

Attribute: Tool Holder Location 1D
Attributa; Too! Holdar Posiicn

Attribute: List of Tools

Attributa: Tooi Holder State

Attribute: List of Tool Holder Dimensicns
Altribute; Process Information

Aftribute: User Specific Informatien

Tool Holder ID ~ the serial number of user code associated with this tool holder.
Tool Holder Type -- a selection from a user defined list of toot holder types.
Tool Holder Location ID ~ a back reterenca 1o the object which contains this toal holder, namely a tocl magazine of a

pailst.
Toot Helder Position - a back reference to the position in the location object, such as a tool magazine pocket numbaer

or partition of a pallat.

List of Toals — a list of actual tool object idantitiers.

Tool Holdar State — one from a ist of user defined conditions.

List of Too! Holder Dimensions — a user dafined list of of too! holder measurements.
Procass Information — 2 usar dafined list of information tems needed for the process.
User Specific Information — a user dafinad list of information ftemns about the tool holder.

The Too! Hoidsr object shall be proparty mapped into an MMS Named Variable object.
The name and structure of this variable is described in clause B.8.3.2.2.

8.6.43 Tool Oblect
This object contains information about a wal.
Kay Attribute: Tool iD

Aftributa: Tool Type

Attribute: Tool Location 1D
Aftribute: Toal Position

Attribute; List of Tool Edges
Aftribute: Tool State

Attribue; List of Tooi Dimensions
Attrihute: Process Information
Attribute: Tocl Handling Information

Tool ID — serial number or user coda associated with this ool

Too!l Type — a selection from a usar defined fist of toci types.

To;:lsf Location ID - a back referenca ta the object which contains this teal, namely a tool magazing, a tool halder, or a
pallet.

Tool Position — a back referenca to tha position within the location object, that is, tool magazine pocket numbar, or pailet
partition.

List of Tcol Edgaes ~ an array of the edges which are a part of this tocl,

Tool Stata -- one of the fellowing condtitions:

{0) in Use — the 1cal is cperating.

{1} Worn Out — tha remaining life is zero.

(2) Brokan - the tool has at least one brokan edge.

(3) EnRoute — the tocl has bean removed from or is en route to the magazins.

242



ISC/IEC DIS 9506-4 1 1991(E)

{4) Not Raieasad ~ the looi is not releassd for pant operations
{5) Released - the tool is reisased for part operations
{6) Naeds Measurement — the tool needs measurement
(7} Needs Moasurement After First Operation — the tool needs measurement after first operation
NOTE - The user may define additional statss.
- List of Too! Dimensions — a user defined list of the tool measuramants.
- Process Inormation — a user defined list of information items required for the process.
- Tool Handling Information — a user dafined list of information items required for the toal handling operations.

The Tool object shall be properly mappad into an MMS Named Variable object. Name and structure of this variabie is defined
in clause B.8.3.2.3,

B.5.4.4 Tool Edge Object _
This object dafines a cutting edge. For mutiple edge tocls there shall be a separate such object for each edge.
Key Attribute: Edge ID

Attribute:  TooliD

Attribute: List of Edge Offsats
Aftribute: Nominal Edge Lis
Atribite:  Remaining Edge Life
Attribute: User Specific Information

- Edge ID ~ the serial number or user code associated with this edga.
- Tool ID -~ back refarence ta tha Tool object which contains this edge object.
- List of Edge Offset - a user defined list of offsets.

- Nominal Edge Lite — a maasure of the expacted life for a new or sharpened edge. This shall be the starting value for
actual life.

- Remaining Edge Life — a measure of the temaining fite of the edge.
- User Specific Information — a list of user defined items containing information about this edge.

The Tool Edge object shall be properly mapped into an MMS Named Variable object. Name and structure of this variable is
dascribed in clause B.8.3.2.4.

B8 NC Mliting Specific Standardized Objects
B.8.2 Standardized Domains
B.8.2.1 Tool Data Domain

The Tool Data Domain is defined in clause 8.1.4 of the main part of this standard.
Rs name prefix shall be used for any domain associated with tool magazines, tool holders, 1ools, and tool edges.

B.2.3 Namad Variable Objects
B.8.3.1 VMD-specitic Standardized Named Variable Objects
B.8.3.2 Domain-specific Standardized Named Variable Objects

243



ISQ/IEC DIS 9506-4 : 1991(E)

B.8.3.2.1 Tool Magazine Objact

The name of the Tool Magazine object shall begin with the standardized prefix *N_ToclMag_*, complementad by a user er
implamenter defined toel magazine identifier.

OBJECT: Named Variable
Key Attribute:  Variable Name = domain-specific {

domain ID *N_TLD ...%,

itamn 1D "N_ToolMag_..."}
Attribute:  MMS Delstable = FALSE
Attribute:  Type Description = structure {

components {
{component Name = "StoredObjects”,
camponent Type = array {
numberOiEiements, - number of pockets
slementType = visible-string -32} },
{companent Name = "MagazineType”,
compenant Type = visible-string -32 },
{companant Name = "NumberOtPasitions®,
companeant Type = unsigned 16 }
}
)

Attribute:  Access Method = locally defined

B.8.3.22 ToolHoldar Object

The name of the Tool Holder object shall begin with the standardizad prefix "N_ToolHolder_*, compfemented by a user or
implamanter defined tool holder identiier.

CBJECT: Named Variable
Koy Attributa:  Variable Name = domain-speciic {

domain D N_TLD_.."
or "N_MOP_..%
item 1D *N_ToolHolder_..." )

Attribute: MMS Delatable = FALSE
Attribute; Type Description = structure {
componants {
{componant Name = *HoldarTypa”,
component Type = visible-string -32 },
{component Name = "Location®,
componant Type = visible-string -32 },
{component Name = “Position”,
componem Typa = visibla-string -32 },
{eomponent Name = "HolderTools"®,
componant Type = array {
numberCiElements, - number of location
alementType = visible-string -32} ],
{componant Name = "HolderState”,
companant Type = unsigned 8 - value from a list of user defined slates
h
{componert Nama = "HolderDimansions®,
component Type = array {
numberOiElements, — number of holder dimensions
alemantType = floating-point {
format-width 32,
exponant-wicth 8} },
[component Name = "ProcessInformation”,
companent Type  — usar defined },
[componant Name = "Userlnformation”,
companent Typa - user definad }

}
}

Aftribute:  Access Method = locally defined
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8.8.3.2.3 Tool Objact

Tha name of the Tool object shail begin with the standardized prefix "N_Teol_", complemented by a user or implemanter
defined toct identifier.

CBJECT: Named Variable

Key Attribute:  Variable Name = domain-specific |
domain D "N_TLD_..7,
or "N_MOP_...",

ten |0 "N_Tool .7}
Attribute: MMS3 Deletable = FALSE
Attributa: Type Description = structura {

components {

{component Name = "Too[Type®,

componant Type = visible-string },

{componant Nams = "Location”,

companent Type = visibla-string -32 },

{companent Nams = “Position”,

cemponant Type = visible-string },

[component Name = "ToolEdges”,

component Type = array {

numbsarCiElements, — number of tool edge locations
elementType = visible-string -32} },

{eompanent Name = "TooiState®,

component Type « unsigned 8 — 0 In Use
-1 Wom
- 2 Brokan
— 3 En Route
-- 4 Not Released
-- 5 Heleasad
- 6 Neads Measuremant
=- 7 Nosds Measuremant Aftar
—: First Oparation
— n User defined stala(s)

{companent Name = "TociDimensions®,
companent Typa = array {
numbarOtElements, - number of ool dimensions
elementType = floating-point {
format-width 32,
exponent-width 8} } },
{component Nama = “Procassiniormation”,
component Type - user defined },
{compenent Name = "HandlingInicrmation®,
companent Type — usar defined }

}
}

Attribute: Accass Mathod = locally defined
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B.8.3.24 Tool Edge Cbject

Tha name of the Tool Edge object shall begin with the standardized prefix *N_TooiEdgs_*, complamented by a user or
implementar defined tool adge idantifier.

OBJEGT: Named Variable

Key Attributa:  Variable Nama = domain-spacific {
domain ID "N_TLD_..5
or "N_MOP_..",

ftem IO *N_ToolEdge_...* }
Attribute: MMS Daistable = FALSE
Attributa: Type Description = structure {

components {
{component Nama = "ToollD®,
companent Type = visible-string -32 ],
{component Name = “EdgeQifsats”,
componant Typa = array |

numberOfElemaents, ~ number of edge offsets
elementType = floating-peint {

format-width 32,

exponent-width 8} 1],

{component Name = "NominaiEdgaLife®,
componant Type = unsigned 32 },
{component Name « *RemainingEdgeLife”,
component Type = unsigned 32 },
{component Name = "Userinformation®,
component Type - usar defined }

}
}
Attribute: Access Method = locally dafined

B.% Conformance
B.9.4 PICS for standardized objacta
Domain specific Named

Variable
Cbjects

N_ToolMag._...
N_ToolHaolder_..,
N_Tool_...
N_ToclEdge_...
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AnnexC
Extenslon Of iSQ 9506-4 To Inciude
Turning Machine Functionaiity

C.0 Introduction

This normative annex extends the generai applicability of ISO 9508-4.
The structure of this annex is the same as that of the main part of this standard, such that the clauses are in afignment.
However, not every ciause in the main part of ISO 9506-4 may have counterpart in this annex, becausa its scope doas not

require it.

C.1 Scope and fieid of epplication

This annex provides the additiona objects and standardized names which may be required when this standard is used in
NC turning machine applications, specifically in stand-alone usage (as opposed to integrated into a flexible manufacturing
systam).

C.2 Relersnces
This annex does not use any referencas besides those which are listad in clause 2 of ISO 95064,

C.3 Definitions :
This annex does not use any terms besides those which are defined in clause 3 of 1SO 95064,

C.4 Symbols and Abbreviations
This annex does not use any symbols and abbreviations besides those which are listed in clause 4 of ISO 85064,

C.5 Application Daescription

In terms of this annex, NC turning machinas may consist of the machine axas, tools, spindles, tool magazines, and user
programs which control these entities. This is illustratad in figure 29,

Spindile Toolholder
I Part Tool / Toolmagazine

E:): =L] _F,_Axes

Figure 29 - Turning Machline

The abjects Tool Magazine, Taol Holder, Tools, and Tool Edges for the turning machine are in concept idsntical to thosse
used on milling machines. Therefore, the definitions of these cbjects in Annex B alsa appiy ta this Annax C.
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C.51 Part Setup

In terms of the NC turning machine, part setup refers the combinatiorn of chuck jaws, part fixturing, and the mechanism used
1o posilion the part in the machine’s work area. Pertions of the setup may be re-configured for differant parts or groups of
parts, and may be changed manuaily or automnatically.

C.5.2 Taper Trims
The tapar trims are cffsats which are provided ta be appiied when long flexible parts are bsing machinad to prevent taper
cuts induced when the unsupperted section of a part is deflected by the tool.

C.6 NC Turning SpecHic Context Mapping
C.6.4.1 Objects Which Map To Named Varlabies
C.6.4.1.1 Part Setup Object

The purpose of tha satup object is to define the configuration of chuck jaws, fixture, and part which may occupy the work
area of the machins.
Key Attribute: Setup ID

Attribute: Chuck ID

Attribute: Chuck Size

Attributa: Setup Objeds

Attribute: Setup State

Attributa; Setup Offsets
- Setup ID - sarial number or alphanumeric string which identifies the setup.
- Ghuck ID — serial number ar alphanumeric string which identifies the chuck used with this setup.
- Chuck Size - provides the maximum dimensions of the chuck.
- Setup Objects ~ provides a list of fixtura or part abjects which are ar may be used in this setup.
- Setup State -- one of the following:

1. Empty - There are no pans in this setup

2. Ready - This setup is ready to run

3. Finished - The parts associated with this setup are finished
4. Manual - This setup raquiras manual intervention

5. Fault - Afault has been datected with this setup

Setup Offsets — a measurement of the distance from the origin of the machina work area to the setup origin.

The Part Setup abject is properly mapped into an MMS Named Variable object.
Name and structurs of this variable is described in clause C.8.3.1.1.

C.6.4.1.2 Taper Trims Object
The pupose of the taper trims object is ta provide the offsets required to compensate far deflection of cantilevered waorkpiecas.
Key Attributa: Taper Trim ID

Attribute: X Axis Trim
Attribute: Z Axis Trim

- Taper Trim ID ~ serial number or alphanumeric string which identifies this variable.
- X Axis Trim - provides the offsst dimension in X,
- Z Axis Trim -- provides the offsat dimension in Z.

The Taper Trims cbiject is proparly mapped inte an MMS Named Variable object.
Name and structure of this variable is described in clause C.8.3.1.2.

C.8.3 Named Varlable Obects
C.8.3.1 VMD-specific Standardized Named Varlabie Objects

4
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C.8.3.1.1 Setup Object

The name cf any "setup” named variable cbject shall begin with the prefix "N_Setup_*
implementer defined idantiiar.

OBJECT: Named Variable

Kaey Aftribute:  Variable Name = demain-specific {
domain ID *N_SET_....",
ttemn 1D *N_Satup _.."}

Attribute: MMS Deletable = FALSE
Atlribute: Type Dascription = structure |
components {
{component Name = "ChuckiD*,
componant Type = visible-string 1,
{component Nama = “ChuckSize”,
compaonent Type = array {
numberOiElements, — number of chuck dimansions
alamentType = unsigned 16} },
{compenant Name = "SetupObjects”,
component Type = array {
numberQiElements, — number of objects
elemamType = visisbig-string } },
{component Name = "SetupState”,
component Type = unsigned 8 — 1 Empty

- 2 Ready
= 3 Finished
~— 4 Manual
- § Fault
)
{component Nama = "SatupOfisets”,
companent Type = structure {
components {
{compenert Nama = "XComponent®,
componant Type = floating-paint {
format-width 32,
exponent-width 8 },

fcomponent Name = "ZComponent®,
component Type = floating-point {
format-width 32,
exponent-width 8 ) )
11}

Aftribute: Access Method = locally defined
C.8.3.1.2 Taper Trims Object

ISO/IEC DIS 9506-4 : 1991(E)

. complementad by a user ar

The name of any “taper trim" named variabla object shall begin with the prefix *N_TaperTrims_*, complemented by a user

or implementar definad identfier.
OBJECT: Namad Variable

Key Attribute:  Variable Name = domain-specific {
domain ID "N_SET_..",
tem ID * N_TaperTrims_..."}

Attribute: MMS Deletable = FALSE
Attribute: Type Description = structure {
companents {
{component Name = *XTrim®,
compeonent Type = floating-point {
format-width 32,
exponent-width 8 } },
{component Name = "ZTrim", .
component Type = floating-paint {
format-width 32,
exponent-width 8} }
1)

Aftrioute: Accass Method = locally defined
249
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C.9 Conformance

C.0.4 PICS for standardized objects

0

Domain specific Named
Variable
Objects

N_ToolMag_...

N_ToalHolder_...

N_Tocl_...

N_TooiEdgs._...

N_Setup ...

N_TaperTrims_...

250



ISONEC DIS 9506-4 : 1991{E)

Annex D
Extenslon Of ISO 9506-4 To Include
Flexlble System Functionality

D.0 Introduction

This normative annex extands the general applicability of 1SQ 9506-4.
The structure of this annex is the sama as that of the main parn of this standard, such that the clauses are in alignment.
Howavaer, not evary clause in the main part of SO 9506-4 may have countarpart in this annex, because its scope does not

requira it.

D.1 Scope and field of application

This annex provides the additional objects and standardized namas which may be required when this standard is used in
flaxible systems apphcatlons. spacifically whan milling or turning machines, or both are integrated into a flexible manufac-

turing system.

D.2 References
This annex doas not use any refersnces besides those which ara listed in clause 2 of ISO 9506-4.

D.3 Definitions
This annex doas not usa any terms besides those which ara defined in clauss 3 of 150 9506-4.

D.4 Symbols and Abbraviationa
This annex doss not use any symbols and abbreviations besides those which are listed in clause 4 of ISO 9506-4.

D.5 Application Dascription

Milling or turning machines may be integrated into flexible manufacturing systems.

The mesi important characteristic of such a systamis automated transpartation of parts, toots, and other maans of production,
10 and from machines with aulomatic loading and unloading devices. Pallets and fixtures may be used for this transportation
of parts and tocls. Thess objects take part in the machining process controiled by an NC controller. All these objects may
ba stored and manipuiated on a machine, they may be located in a pailet storage, a transter station, the working area of a
machine, ar similar locations. Figure 30 shows a milling machine integrated into a flexible manulacturing system.

+ Transport System D‘

Z
Parkingu/cations rJ:w

H 0000 K

Figure 30 - Mllling Machine in a Flexible Manufacturing System
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During the manufaciuring process a robot, zn auxiliary devica, or an operator may exchange new loals for used onas in the
tool magazine. An automated transport systsm, Of an operator carries new parts to the machine and removas finished parts
from the machine. The data for the exchanged lools, the parts deliverad to the machine, the cffsets for the pailets, fixiures,
paris and othar informations needs to be transterrad between the host system or a file store and the NC system. Therelcre,
it is necassary that thess components which become part of the NC system during the manufacturing process, shall be
mapped 10 MMS objects.

D.5.1 Parking locations, partitlans

During an automatad manufacturing process the means of production, such as pallets, parts, or similar, required objects
usually are located at specific places within the work spaca of the system. This standard defines thase places as parking
locations. A parking location may be subdivided into partitions, as illustrated in figura 31. A paltet or other means of preduction
may be localed at a parking location or within a partiticn of a parking location, and for the automataed manufacturing process
it is necessary to define such location accuratsiy.

Paridng Location

Partitlon 1 Pariition 2

Partition 3 Partition 4

Flgure 31 - Example for a Parking Location with 4 Partltions

D.52 Paliats, partltions, fixtures, parts

For the transport of the means of production pallets ars normally used. A Pallet may also ba subdivided into partitions. Figure
32 illustrates a pallst subdivided into 4 Partitions. Figure 33 iilustrates a pallet locatad within a partition of a parking location.

Pailet
Parittion a Partition b
Partition ¢ Partition d
figure 32 - Example of a Pallet with 4 Partitions 553

2



ISO/IEC DIS 9506-4 : 1831(E)

Parking Locatlon

Partition 1 Partiion 2

Pallet
Partiion & | Partitionb

Partition 3
Partition ¢ | Partition d

Figure 33 - Example of a Parking Locatlon with a Pallet

In addition to parts, tocls or other means of production, pallets may aiso contain fixtures for the parts,

For the automated manufacturing procass it is necassary to determine the pasition of the means of production precisaly,
such that for example, the position of a part mounted on a pailet located within the working envelope of the machine may
be determined. it is necessary that the relationship of parking location, partition, pallet, fixture and part be available to the
NC controlter, and this shall be considered when mapping these objects to MMS objects. An exampls of such a relationship
is ilustrated in figure 34. There may be many other such cembinations of object relationships.

N_Pu N_Fixt N_Part_-
.. ure_..

| =
=7 7
o)/

Flgure 34 - Example of Parking Location, Partition, Pailet, Fixture, and Part Relatlonship

N_Park N_Pact
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D.6 Flexible Systams Spacliic Context Mapping

D.6.2 Oblects Which Map To Demains

D.6.2.1 Means of Production Data

The Means of Production Data Domain Object contains data which describe the means of production, such as parking
locations, pailets and all the objects carried by such pallets, which may include fixturas, pans, and similar objects. This
domain provides a naming spaca for Domain-specific Named Variables. An exampleof the Maans of Production Data Domain

is illustrated in figure 35.
For general definitions of thase domains refer to chapter §.2.1 in the main part of this standard.

Means of Production Data Domain

Pallet 1
Partition 1
Fixture 1
Part1
Partition 2

Fhbcturs 2
Part2

Figurs 35 - Means of Production Data Object

D6.4 Objects Which Map To Named Variables

D.5.4.1 Parking Locatlon Qbject

The Parking Location object is used to déline a paliet stand, machine table, storage rack, of similar halding placa for pallets,
fixiures, parts, lools, and similar objects.

Key attribute: Location 1D

Attrribute;  Location Type
Altribute: Location State
Atiribute:  List of Present Objects

- Location ID — a unique name or character string which identifies the parking location.

. Location Type — a selection from a user defined list of possible types of placss which may hold objects, such as 'pailet
storage of machine X\,

- Location State — one of the following:

(0) EMPTY - no object resides at this parking location
{1) notFULL - spacaes for objects are available
(2) FULL ~ no space for additional objects available

. List of Present Objects — a list of objects which are present at this parking lecation
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0.6.4.2 Parthlon Object

Tha Partition Object shall provide the means 10 subdivide a parking location or pailet into one or mora iocations which may
hold physical objects.

Key attribute: Partition ID

Attribute: Partition State
Attributa:  Object Prasant ID
Attribute: Partition Location
Attribute: Oftsat Refarence
Aftributse: Partition Cffsat

- Pantition ID - a unique name or character string which identifies the partition,
- Pantition State — one of the following:
{?} EMPTY - no object resides at this partition
{1} RESERVED - this panition is raserved for a defined object
{2) OCCUPIED - an object is present at this parition
- Object Present ID -- the identifier of the object prasent at this partition.
- Partition Location — a back reference 1o the object which contains this partition,

- Offset Referance — identifies the coordinata system on which the partition offset is based, such as the cocrdinate system
ot the machine, of a parking location, or of a pallet.

- Partion Offset — defines the geometric relationship of the partition coordinate system relative to the Offset Relarence
coardinate systam, which may consist of both translation and rotation dimansions. '

NOTE - The order of the partition offset transformations shaii follow the specification of dause 0.8.3.2.2.

D.6.4.3 Pailet Object

The purpase of the Pallat Object is to support parts, tools, or other ebjects securely, for transport to and from workstations
in the automated factory. This allows several stations or processas 10 Operate on a given part without the need for relfixturing
or ralocating the part.

Key Attribute: Pallet ID

Aftribute: Pallet Type

Attributa: Pallet State

Altribute: List of Objects Prasent
Attribute: Pallet Location
Attribute: Citset Refarence
Attribute: List of Pallat Offssts

- Paliet ID ~the sarial number or alphanumeric siring associated with sach pallet.
- Pallet Typa -- a selection from user defined pallet typas.
- Pallet State - ona of the following:

(0} EMPTY - no object resides en this pallst
(1) not FULL - space available for additional objects
{2) FULL - no space available for additional objects

NOTE - The user may define additonal states,
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List of Objects Present ~ provides a list of objects which are prasent on the pallet.

Pallst Location -- a back reference to the object which contains this pallet, such as a parking location.

Otfsat Referance — identifias the coordinate systam on which the pallet offset is based, such as the coordinate system
of the machine or of a parking location.

Pallat Offsal -- defines tha geometric relationship of the pailet coordinate system relative to the Offset Ralarence
coardinate system, which may consist of both translation and rotation dimensions.

NOTE - The order of the paliet olfsat transformations shall foliow the spacification of clause D.8.3.2.3,

0.6.4.4 Fixture Object
Fixture objects define the exact location of parts, tools, or other means of production mounted on a pallet.

Ksy Attribute: Fixture iD

Afiribute:  Fixtura Type

Attribute: Fixture State

Attribute:  Object Present ID

Attribute: Fixtura Location

Attribute: Offsat Referance

Attribute: List of Fixture Offsats
Fixaure ID -- the identifier associated with each fixture.
Fixture Typa — a salection from a user defined list of fixture types.
Fixture Stats -~ one of a list of user defined conditions.
Object Prasant ID ~ a reference to the fixtured object, for example a part.
Fixture Location — a back refarencs to the object which comains this fixture.
Ottset Rafersnce — identifies the coordinata system on which the fixture offset is based, such as the coordinate systam
of the machine, of a parking location, or of a pallet.

Fixtura Offsat — defines the geametric relationship of the fixture coordinate system relative to the Offset Referenca
coordinate system, which may consist of both translation and rotation dimansions.

NOTE - The order of the fixture offsat trarsformations shall follow the specification of clause D.8.3.2.4.

D6.4.5 Part Object

The part object is the atomic unit of work which is the whole cbjective of the machining procsss. This object should provide
a means of tracking that unit of work through the manufacturing procass, and provide for monitoring fts status. Tha object
should fully define the required operations necessary to complete the part to the required specilication.

Koy Atiributa: Part iD

Attributa: Part Type
Altributa: Part State
Attribute: List of Part Data
Attributa: Part Location
Attribute: Offsst Retarance
Aftribute: iist of Part Offsets

Part ID - the idantifier associated with each part.

Part Type -- a selection from a user defined list of pan types.
Part State -- one of the following:

(0) Raw - original state

(1} Modified — some work done

{2) Finished - completed with no arrors

{3) Scrapped - aborted with incorrectable error.

(4) Rework — finished with correctable error.

NOTE - The user may define additonal states.
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- List of Pant Data -- a usar defined list of data for part operations.
- Part Location -- a back refarence 1o the object which contains this part.

- Offset Refarence -- identifies the coordinate system on which the part offset is based, such as the coordinate system of
the machine, of a parking location, or of a pallet.

- Pan Offsat —~ defines tha geometric relationship of the part coordinate system ralative o the Otfset Reference coordinate
systam, which may consist of both translation and rotation dimensions,

NOTE - The order of the pant offsat ransformations shall follow the specification of clauss 0.8.3.2.5,

D& Flexlble Systams Spaclfic Standardized Objacts
D.8.1 Domain Cbjects

D.8.1.1 Maeans of Production Domain

The name of any Means of Production data domain shall begin with the six character prefix "N_MOP_®, complemented by
a user or implementer defined means of production idantifier, and augmented by a user or implementer defined idantifier
of the subordinated objects. Parking Locations, Pallets, Partitions, Fixtures, and Parts are subordinated objects of this
domain. The Maans of Production data domain is detailed in clause 8.1.5 of the main part of this standard.

D.8.3 Namead Varlable Objacts
D.8.3.2 NC Domain Speciflc Named Varlable Objects
D.8.3.2.1 Parking Location Object

The name of each Parking Location object shall begin with the prafix "N_ParkLoc_*, complemented by a user or implementer
defined parking location identifier,

OBJECT: Named Variable

Key Attribute:  Variable Name = domain-specific {
domain 1D *N_MOP_.."%

tem 1D *N_Parkioc_...}
Attribute: MMS Dalaetable = FALSE
Attribute: Type Description « structure {

components {
{component Name = "ParkLocType”,
companent Type = visible-string ],
{component Name = "ParkLocStates”,
componant Type = unsigned 8  ~ 0 EMPTY,
-1 not FULL,
-2 FULL
j2
{component Name = "ParkLocObjects”,
compenant Type = array |
numberCiElements,  — numbaer of cbject’s
slementTypa = visible-string ~32} )

)
Aftributa: Access Method = locally defined
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D.8.3.2.2 N_Partitlen_ Parltion Object

The name cf each Partition cbject shail begin with the prefix "N_Panition_*, complam snted by a user or implementer defined
sartition identiier. :

ORJECT: Named Variable

Key Attributa: Variable Name = domain-specific {
domain ID " N_MOP_..",

tem |1D * N_Partition_..." }
Aftribute: MMS Dsletable = FALSE
Attributa: Type Description = structure {

companems {
{component Name = “PartitionStates”,

component Type = unsigned 8 0 EMPTY,
—~ 1 RESERVED,

- 2 OCCUPIED
}I
{component Name = "ObjectPresent
component Typa = visible-string -32 },
{component Name = “Partitiont.ocation®,
component Type = visible-string -32 },
{component Name = "OtfsetReferance”,
component Type « visible-string -32 },
{component Name = "PartitionOffsets®,
compenent Type = structurs |
caempeonents {
{component Name = “ARotation®,
component Type = floating-point {
format-width 32,
exponent-width 8 } },
{component Name = "BRotation”,
component Type = {loating-point {
format-width 32,
. exponent-width 8}},
{component Nams = "CHotation”,
componant Type = floating-point {
format-width 32,
expanent-width 8} },
[component Name » “XTransiation”,
component Type = tloating-point {
format-width 32,
exponent-width 8} },
{companent Name = “YTranslation”,
camponant Type = floating-point {
format-width 32,
exponent-width 8 } },
[component Name = “ZTranslation”,
component Type = floating-paint {
format-width 32,
axpanent-width 81}

1111}
Attribute; Accaess Mathod = locally defined

OTE - For comect offset definition. ransformatians shall be applied in the following order: rotatan shall preceds any translation, applying
der rotations, first about the X axis, then about the ransformed Y, then the transformed Z axis. Translations may foliow in any arder.
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D.8.3.2.3 Pallat Ohject

The name of each Pallet object shall begin with the prefix “N_Pallet_~, complemanted by a user or implementer defined
pallet identifier.

QBJECT: Named Variabls

Key Attribute:  Variable Name = domain-specific {

domain ID *N_MCP_..",

tam 1D *N_Pallet_..")
Aftribute: MMS Doletable = FALSE
Attributa:  Type Dascription = structure {

compenants |
{eomponent Name = “PalletTypa®,
component Type ~ visible-string ],
{component Name = "PalletStats”,
component Type = unsigned 8 -0 EMPTY
-1
-2

L
{component Name = "PalletChjects”,
componant Type = array {
numberOCfElements, - number of objects
alementType = visibla-string -32} },
{componant Nams = "Pailetl ocation®,
component Type = visible-string -32 },
{compenent Name = "OffsetReferance”,
componant Type = visible-string -32 },
{componant Name = "PallstOffset®,
component Typs = structure {
components {
{compenant Nama = *ARotation*,
cemponent Type = floating-point {
format-width 32,
_ expanent-width & } },
{componant Name = "BRotation®,
component Type = floating-point {
format-width 32,
axponent-width 8 ) },
{camponant Name = “CRatation®,
component Type = floating-point {
format-width 32,
axponert-width 8 } §,
{companent Name = “XTranslation®,
componant Type = floating-paint {
format-width 32,
exponent-width 8} ),
{component Name = “YTransiation®,
component Type = floating-point {
format-width 32,
axponent-width 8} },
{component Name = "ZTranslation®,
componant Type = floating-point {

format-width 32,
exponent-width 8} }
Vit
Attribute:  Accass Method = locally detined

NOTE - For comect offset definition, transformations shail be applied in e following order: ratation shal! preceds any translation, applying
Euler rotations, first about the X axis, then about tha ranstormed Y, then the transformed Z axis. Translations may follow in any order,
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D.8.3.2.4 Fixture Object

The name of each Fixture object shall begin with the prafix "N_Fixture_", complemented by a user or implementer defined
fixture identffier.

OBJECT: Named Variable

Kay Attribute:  Variable Name = domain-spacific {
domain ID N_MCP__."

tem 1D *N_Fixture_..." }
Attribute:  MMS Doletable ~- FALSE
Atribute:  Type Description = structure {

components {
{component Name = "FixtureType®,
component Typa = visible-string },
{componant Name = “FixtureStates®,
component Type = unsigned 8 }, — user defined state list
{component Name = "ObjectPrasent”,
componant Typa = visible-string -32 },
{companent Name = “FixturaLocation”,
component Type = visible-string -32 },
{component Name = *OffsetRelerence”,
component Typa = visible-string -32 },
{component Name = "FixtureOftsets®,
component Type = structure {
componems {
{componant Name = "ARotation®,
companent Type = floating-point {
format-width 32,
exponent-width 8 } 1,
[componant Name = “BRotation®,
companent Type = flaating-point {
format-width 32,
axponent-width 8} ],
[component Name « “CRotation®,
component Type = flaating-paint {
format-width 32,
axponent-width 8} },
{component Name « "XTranslation®,
componant Type = floating-point {
format-width 32,
exponaent-width 8} },
{component Nama = "YTranslation®,
component Type = floating-point {
{ormat-width 32,
exponent-width 8 } },
{component Name = "ZTranslation”,
component Type = floating-poirt {
format-width 32,
exponent-width 8} )

111}
Attribute:  Access Method w locally defined

NOTE - For correct offset definition, transformations shall be appiled in the following order: rotation shall precede any ranslation, applying
Euler rotations, first about tha X axis, then about tha transformed Y, then the transformed Z axis. Translations may follow in any order.
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D.8.3.2.5 Part Object

Tha nams of each Part abject shall bagin with the prefix "N_Part_", complemented by a user or implementer defined pait
identitier.

OBJECT: Named Variable

Key Aftribute: Variable Name = domain-specific -
domain 1D "N_MOP_...",

item 1D "N_Part_..."}
Attribute:  MMS Deletable = FALSE
Atrribite:  Type Description = structure {

components {
{component Name = “PartType®,
componant Type = visible-string },
{companent Namae = "PartStatas®,
component Type = unsigned 8  — 0 Raw
-1 Mditied
~ 2 Finished
— 3 Scrapped
— 4 Rework
1
{componaent Name = “PartLocation®,
component Type = visible-string -32 },
{component Name = “ClfsetRefarance”,
ccmponent Type = visible-string -32 },
{component Nams = “PartCfisets”,
component Type = structure |
componants {
{componem Name = "ARotation®,
component Type = floating-point {
format-width 32,
axponent-width 8} },
{compenant Name = "BRotation®,
component Type = floating-point {
format-width 32,
expanent-width 8} },
{component Name = “CRotation”,
component Type = floating-point {
format-width 32,
oxponsnt-width 811},
{component Name = “XTranslation®,
component Typa = floating-peint {
format-width 32,
exponent-wiith 8} },
{component Name = "YTranslation”,
componant Type = floating-paint {
format-width 32,
exponent-with 8 } },
{component Name = "ZTranslation®,
componant Type = floating-point {
format-width 32,
exponent-wicth 8 } }
Y
{componant Name = "PartData",
component Type = } - user dafined
}}

Aftribute: Access Mathod = locally defined

NOTE - For comrect ofset definition, transformations shall be appiied in the following order: rotation shail precede any translation, appiying
Euler rotations, first about the X axis, then about the transformed Y, then the transformed Z axis. Translations may follow in any order.
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D.8 Conformance
D.5.4 PICS for standardlzed objects

Domain specific Named
Variable
Objacts

N_Parkloc ...

N_Partition_...

N_Paliet ...

N_Fixture_...

N_Part_...
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Annex E
Appllcation Examples

This informative annex contains NG specific examples,

E1 Example TURNING CENTRE

E1.1 Application Description

This example maps a 4 axis horizontal turning centre, alsc referanced as a dual turret siant bad latha, to tha NC VMD Model.
Such a turning centra contains two independant, by-passing turrets which are positioned by controlling processes running
separate part programs. Tha system may be configured for execution of these part programs to be synchronized, thus
allowing the programs o ba started and stoppad in unisan, or the turrets may be controlled individually in an asynchronous
manner. Figure 36 illustrates the basic components of the turning cantre. Associated with each tumet are sats of tocling
data describing the turrat setup, pan offsets, device switches, status, and process information. In preparation for operation,
user programs are selected and assigned to each of the two controlling processes. To start ane or both programs a single
synchronized cycle start may be used or individual path cycle start push buttons may be selected. H the paths ara
synchronized, an alarm condition or feedhold request should halt bath programs. Otherwise the programs may be started
or stopped independently. Once running the usar programs may re-synchronize with one ancthar at various points as they
machine the part. The numerical controlier may manage the tuming cantre as a single system or as a collection of devices.
Auxiliary mechanisms may also be integrated to perform automatic tool insern and part changes. Switches are provided to
enable tha control features and status to reflect the results of the operator action.

NC 4 AXES TURNING CENTER SYSTEM

Tool turret 1
Tuming path 1
Part changer
Progr] | Dam
NC image of
ch"“‘“’"? Tool turret 2, TC path Tool turret 2
(S Stcn] Emmmz
Progrt | Data

Flgure 26 - 4 Axes Turning Cantre
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E.1.2 The Turning Centre NC VRRD

To creata a Virtual Manutacturing Device lo represent the turning centre, the components which compose the system are
mapped to the logical MMS objects which may then be manipulated remotely through use of the MMS services. This section
demonstrates stch a mapping in acoordance with this part of ISC/IEC 95G8. Figure 37 illustrates the mapping of turning

cantre objects to NC MMS objects.

TURNING CENTER NC VMD
Numsrical Controler
Path 1 Dev. Domalin
Switch,Status
PATH1
Program
Invocation Turret 1 Dev. Domain
Switch, Status
Part changer Dev.D.
Progr] Data Switch,Status
Dom. Dom.
Muitiple Path
Program
Invocation
PATH 2 Path 2 Dev. Domain
Program
Invocation
Turret 2 Dey. Domaln
Switch, Status
Prog. Deta
Dom. Dom.

Flgure 37 - Turning Centre NC VMD

E.1.21 Device Mapping

Each of the physical devices integrated into the turning centre system are represanted by a Davica Domain object. Thess
objects are static and may not ba deleted using MMS. The domains may then be bound to controiling processes which utilize
their resaurcas. Each Davice Domain object should contain two sets of domain subordinate Named Variable objects. The
first set of Named Variables represent the switches which are used to activate and align the devices. These may be written
by the NC-CS user to set the devices 1o their ready state. The second set o variables reflect the status and feedback
components of the device and may be read or may be sent in an Information Aspert as a result of a state change. In this
example the devices which comprise the axis drives, tool turrets, and part changers are each mappad to a Davice Domain.
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E1.2.2 Program Magping

The user programs which are executed by the controlling processes are mapped to NC program domains. Depending on
the local store capacity of tha NG, tha program domains may ba downloaded as needed then deleted using the MMS sarvices,
or may be permanently stored at the NC. These program domains will then be allocated for use by the turning cantra path

controlling processses.

E.1.2.3 Controlling Process Mappling

The controlling procassas which exscute the turning centre user programs are represented by MMS Program Invoeation
objects. Tha program invocations ara definad to generate a binding 1o the domains which reprasent the physical and logical
resourcas of the system. Some resources may be sharable, such as a part changer domain while others are dedicated to
a single program invocation. Because the four axes of the turning centre may sither be operated in pairs or all four as a
single entity, and the devices and program are allocated to spacific paths, each of the paths' controlling processas are
mapped to a program invocation, Thase program invocations may be statically or dynamically defined depending on whether
or not the domain bindings shail be allerable. When the paths are to be run independentiy the MMS Program Invocation
sarvices are used to siar, stop, and resume each of the procasses separately. To support the case where the NC
synchronizes execution of tha programs of both paths, a third Program Invocation is created 1o oparata both of them together.
Whan a Start service is issued for such multiple path Program Invocation both Controlling Procasses are startad as a local
action and their continued oparation is reflscted in the siate of the multiple path Program Invocation. The multipie path
Program Invocation bacomes unrunnable when eithar of the individual programs are unavailable. When the Program
Invocations are created a domain is also created for each which contains the precess information relavant to the controlling
process. The information in this domain is contained in domain subordinate Named Variables. These variables may contain
active feadrate, spindla speed, offsats and other data which changes as a process runs. Tha information in the mutltipla
path damain should contain data merged from the two original, individual procass information dornains,

E£.1.2.4 Status And Alarm Mapping

Status and alarm reporting for the turning cantre is accomplished by defining Event Condition objects for detectabla
conditions. Event Actions are defined to convey the information to the NC-CS usar when detected and Event Enrollments
1o pair the actions to the conditions. Acknowlsdgment is required 1o guarantee that the NC-CS user is notified.

E125 Use of Objects for the Tuming Cantre Exampie

This describes the method of controlling the NC system shown in figures 36 and 37 from the supervisary computer actually
using MMS.

E1251
The foliowing cbjects shall be assumed to exist in the NC systam from the time of power up.
Program domains - N_PRG_01000
- N_PRG_02000
Deavico domains - N_DEV_P1 (Domain for turning path 1)

- N_DEV_P2 (Domain for turning path 2)

- N_DEV_T1 {Domain for turrst 1)
N_DEV_T2 (Domain for turrst 2)
N_DEV_PART (Domain for part changer)

Variables - N_DEV_STATE
The varnable which shows the device state. Sinca this is a Domain Specfic variable,

aach of the device domains has the variable with the sams name.

Event condition - N_SERVO
This is Used to activats the trigger when a servo excess arror cecurred.
E1.25.2
in addition, the NC System creates the following objects as raquired.
Program Invocation - PATH_1 {for controliing tha Cantrolling Process 1)

PATH_2 (for controlling the Controlling Process 2)

N_PID_P1 (Domain which shows the state of tha Controlling Process 1)

N_PID_P2 (Domain which shows tha state of the Controlling Procass 2)
N_PRINF_M30 :

The variable which shows that the Controlling Process has executed M 30 (see
IS0 6983). Since this is a Domain Specific variable, each above mantioned two
process information domains has tha variable with the same namae.
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E.1.2.5.3
The supervisary computer (NC-CS usar} controls the NC system according to the following procedure:

NC-CS user - Initiate-Request

NC system - Initiate-Response
(The association has now besen established between tha NC-CS user and the NC system).

NC-CS user - Road-Regusst
The state of the device TURRET 1 may be found by reading the variable

N_DEV_STATE of the domain name N_DEV_T1.

NC system - Read-Response
The value is 1 (POWER OFF), 2 (READY), OR 3 (NOT READY).

All the devices are confirmed 1o ba in the READY state by performing Read-Request on TURNING PATH1, TURRET 2,
and TURNING PATHZ.

NC-CS usaet - CreatePrograminvocation-Request {
Program Invocation NAME "PATH_1”

List of Domain "N_PRG_01000"."N_DEV_T1""N_DEV_P1")
When the NC system recsives CreatePrograminvocation-Request, & automatically creates the domain N_PID_P1 for the
procass information of PATH1, and further defines tha variable N_PRINF_M30 in the domain.
NC-CS user . CreatePrograminvocation-Request {

Program Invocation Name "PATH_2°
List of Domain "N_PRG_02000" "N_DEV_T2" "N_DEV_P2"}

NC system - CreatePrograminvocation-Response

When the NC system recsives CreatePrograminvocation-Requast, it automatically creates the domain N_PID_P2 for the
procass information of PATH2, and further defines the variable N_PRINF_M30 in the domain.

E1.25.4

At this point, two Program Invocations whose names are PATH1 and PATH2, respectivaly, have bean created. Here, let us
try 1o contral these two Program |nvocations simultaneously. For this purpose, the additional Program Invocation PATH3 s
created. '

NC-CS5 user - CreatePrograminvocation-Request {
Program Invocation Name "PATH3"
List of Domain "N_DEV_PART" }

NC systam - CreatePrograminvocation-Responsse
NC-CS user - Start-Request{
~ Program Invocation Nama "PATH3" }
NC systam - Stant-Response
E1.255

Both PATH 1 and PATH2 have entared the RUNNING stats. How PATH1 and PATHZ are related to PATH3 is a local matter.
in this state, the feed rate overrids valus in use is the valus in LOCAL MODE. This is bacause the valtue of the variable

N_FRO_ON is false. Ths feed rata override of Turning Paih1 is cantrolied from the NC-CS user.

NC-CS usar - Write-Request
The NC-CS usar writes the ovarrida valug to the variabla N_FRO of the device name
N_DEV_P1.
NC system - Write-Responsa
NC-CS user - Write-Requast
The NC-CS user makes the variable N_PRO_ON of the davice name N_DEV_P1 true.
NC system - Write-Response
E.1.2.5.6

From this point, the vaiue of N_FRC is adapted as the overnide value.
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E.1.2.5.7
Tha NC system notifies the NC-CS user of a servo excess emor.
NC system - EventNotificaticn-Request {
Event Enrotlment Nama
Event Condition Nama "N_SERVO"
Condition State ACTIVE
Acknowledgment Ruie ACK_ACTIVE}
NC-CS user - AcknowledgeEvantNotification-Requast
NC system « AcknowledgeEveniNotification-Response
E1.25.8
The NC-CS user is notified that M30 was datected in the executing program.
NC system - InformationRepori-Request
This system notifies the variable N_PRINF_M30 of the domain name "N_PID_P1~.
- InformationRapon-Request
This system notifies the variable N_PRINF_M30 of the domain name "N_PID_P2".
The NC-CS user may know that the pregram which has been executed with PATH1
and PATH2 has terminated.
E.1.2.5.8

This concludes a series of processing which controls the NC system.

E2 Exampie Mllling Centra in A Flexible Manufacturing Systam

E2.1 Application Description

This example, iliustrated in figure 38, describes a milling centra which is integratad into a flexible manufacturing system. The
miiling centre consists of three units, a milling machine unit, a tool magazine unit, and a tool loading unit. An automated
transport systam carrias pallels with new parns and toois to the milling ¢entre and rermoves manutactured pans and used
tools from the milling centre. The ool lbading unit inserts new lools from a pallet into the tool magazine and removes used
tools from the tool magazine to tha pallet. During the manufacturing process the tool changer of the milling machine unit also
exchanges tools betwaen the tool magazine and the spindle of the milling machine. A NC controls the motion of the milling
machine unit and alsc of tha 1ool loading unit.

The axes of the miiling unit and the axes of the tool loading unit are positioned by controlling processes running separate
programs.

During the manufacturing process the programs for the different units may be invoked individually. These programs are
synchronized in order to avoid a possible collision between tha teol changer of the milling unit and the ool changer of the
tool loading unit.

Associated with the milling unit or tha tool Ioadmg unit are sats of pailet data dascnbmg tha locatlon of the mounted objects,
cffset data for pants, teoling data, tool magazine data, device switches and status and process information,

When a paliet has reached the working area of the milling machine or the tool loading unit, the NC informs the remote NC-CS
Usar, The NC may obtain information about the pallet {such as the pallet |D) from a coda carrier mounted on the pallet.

After the NC has informed the NC-CS User, the NC-CS User downloads data necessary for the manufacturing process of
the object(s) mounted on tha pallet and starts the process.

When the NC has finished the procass, it informs tha NC-C3 Usaer and the pallet may ba transfarred to the next station.
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Milling Center in Flexible System
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Figure 36 - Milling Cantra In Flexlble System
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E 2.2 The Milling Centra NC VMD

To create a virtual manufacturing device to reprasant the milling centre, the constituant componenits of the system are
mapped to logical MMS objects which may then be manipulatad remotely through use of MMS sarvices. This section
demonstrates such a mapping in accordance with the NG companion standard.

E2.2.1 Device Mapping

The milling machine unit and the tootl loading unit are represented by NC Device Domain objects, which are flustrated in
figure 39. In this exampie the milling unit and the tool loading unit are each mapped to an NC Device Domain which is static
and may not be delated using MMS. These domains may ba bound to Comroiling Procasses which may than utiiize their
rasources. Each Devices Domain object contains domain-specific Named Variable objects. A sel of Named Variables
reprasants the switches which are used to activate and align the devicas, An other set of variables reflacts the status of the
devica and may be read ar may be sent in an infarmation report as a rasult of a state change. A third set of variables reflects
the resourcas of the unit, such as the NC-axas belenging to this unit.

The tooi magazine is reprasented by a Named Variable object. This object is a subordinated object of the tool data domain.
The ool data domain contains also sets of Named Variablas rapresenting tocls, alang with their edges, which are located
at this tool magazine. The number of the tools may change during the manufaciuring process.

For the purpasa of updating, the too! data domain may be up- and downloaded to the NC-CS User using MMS sarvices.

Pallets are reprasanied by Named Variable objects. These objects are subordinated objects of the Means Of Praduction
data domain. Parts or tools mounted on a pallet are also represented by Named Varable objects which are subordinatad
objects of the Means Of Production data domain. This domain is used for up- and downloading of the pallet data. For the
tools on tha pallet, this domain may contain addition information, such as a list of variabies which definas the tools which
are to be removad from the tool magazina.

When a pallst reaches the milling centre, the associated Means Of Production data domain may be downloaded as needed,
using MMS services, When the manutacturing process associated with the pailet is finished and the pallet is transfarred to
the next station then tha Maans Of Preduction data domain may be uploaded to the NC-CS user.
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Milling Center NC VMD
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E2.2.2 Program Mapping
The programs which are executad by the controlling processes are mapped 1o NC Program Domains. Depsnding on the
local store capacity of the NC, the program domains may be downloaded as nesdad, or may be permanently stored in the

NC.
These program domains will then be aliocated for use by tha unit controlling process.

E223 Controlling Process Mapping

The controliing processes which execute the milling machine pregrams and tha tool loading unit programs are representad
by MMS Program Invocation objects. A Program Invocation astablishes a binding to the domains which reprasent the physical
and logical resourcas of the system,

Some resourcas may be sharable, such as the tool data domain while others are dedicated 1o a singls program invocation.
These program invocaticns may be statically or dynamically defined depending on whather or not tha domain bindings shali
be changed. MMS Program Invecation services ars used to start, stop and resume the procasses.

The synchronization of tha milling machine programs and the tool loading programs is a local matter and is not visible 1o
the NC-CS User. Whan the program invocations ara created, a correspending domain is alsa created which contains the
process information relevant 1o the cantrolling process. The information in this domain is contained in domain-spacific Named
Variables. These variables may contain information such as ths actual subroutine, the actual procsss stats and so forth,

E2.2.4 Alarm Mapping

Monitaring and signaling of alarms for the milling centre is modeied by Evant Condition objects. Far avery alarm of the milling
cantre which is to ba raperted to the NC-CS User, an Event Condtion objsct is defined. when tha avent condttion state
changes an NC Event Notification is sent to the NC-CS Usar, The event notification sent ta tha ramcta NC-GS User contains
information which details the alarm in accordance with the definitions of this standard.

E22.5 Device Information Mapping

Davica information cata should be mapped to device domain spacific Named Variables. These variables may be read using
MMS Read Service or may be transferred 1o the NG-CS User in an Information Report.

In this example the arrival of a pailet at the machine may ba mapped on a Device domain speciic Named Variabla which
contains the pallet ID. When a pallet arrives at the milling machine unit the state of this variable changes. As a rasult of this
an information report is sent o the NC-CS User containing this vasiable. The transier of the pallet ID from the code carrier
of the pallet to this variable is handied locally within tha NC.

E3 Examplas of Offsats
This clause describes the uss of the cbjects defined in clauses 8.3.2.2 through 8.3.2.5 with the halp of examples.

E3.1 Example 1: 2ero Offset

Tha NC-CS user (a cell controller, for instance) first establishes a communication connecticn with the NG systam by using
the MMS inktiate servica. For producing a scheduled part on the systam, ths NC-CS user first employs the GetNameList
servica to check if the domains containing the necessary user program(s), tool data, and cther means of production are
currently in the NC systam. K the necassary domains do not exist, the user creates them with ths downioad services (MMS
InitiateDownload, DownloadSsgmaent, TerminateDownioad services). The workpiece (part blank) is assumed to be mounted
en afixturing device. The user program is written for the part reference system,
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The zero oifsat (for ane axis) is the differance betwaen the real axis zero point and the zero point of the ussr program, in
this case the difference betweaen axis zero and workpieca zero. The zero offset for the x and y axes was measured earlier
(by a measurement system) and stored within the NC-CS usar which now writas the values inta the domain-specific variable
N_DEV_ExampleMachine. N_ZeroAxes by the MMS Wite sarvics. The structure of this variable is the following in pascal/c
like notation:

N_DEV_ExampleMachine.N_ZeroAxas = RECORD
on BOOLEAN; -- global zaro offsel on
zaroOffsets ARRAY1..4] OF RECCRD -- dov-ExampieMachine-number
- ol-axes = 4 {PICS)
nameCOlAxis:identifier;
on: BOOLEAN; — zero offsets for a cenain
- axis on
2eroOffsets : ARRAY]1..11 OF RECORD
. - dev-ExampleMachine-number-
— ol-zero-cfisets = 1 {PICS)
on:BOGLEAN -~ value valid
value: floating-point;

END;
END;
END;
with the value (after the write oparation)
{ TRUE, - zero offset globai on
*x", TRUE, -~ offsets for "x* an
TRUE, 10.5, .- first offsat on, vaiue 10.5
*y", TRUE, - offsets for "y" on
TRUE, -1.12, — first offset on, value -1.12
"z", FALSE, -- no offsets for *z" ’
ignored, ignored, -~ first affset ignored, value ignored
*SillyAxis", FALSE, - offssts for “SillyAxis® off
ignorad, ignored - first offset ignored, value ignorad }

Through the MMS CraatePrograminvocation service, the NC-CS user now may create the Program Invecation object
ProgramForPart containing the user program and 100l data (domains) in the list of domain references. it the NC system is
in REMOTE moda, the NC-CS usar may start the exacution of the program by using the MMS Start service on the above
Program Invocation object ProgramForPart.

NOTE - The zero offset siructure above may be used only to compensate for linaar displacament of the workpiecs. For compensaton
of displacements containing rotary components, a more complax ransiormation is required, as shown below.
E.3.2 Example 2: Axls Value Transformation

From the criginal part program, the NC-CS usar may want 10 produce a mirrored pan, (such as, for instancs, preducing a
left shoe from the user program for a right shoe). For this purpose, consiler tha {ollowing layout of the workpiece:

virtual axis (workplece) ——————+RIGHT-LEFT

For producing the mirrored part {called LEFT) with the same part program, the NC-CS user first applies a mirroring primitive
(mirroring at the virtual zero), then a translation primitive, for moving the mirrorad part 1o correct location within the work
space.

virtual axis — e —+RAIGHT
Mirroring M{) LEFT+
Translation T(}

+ LEFT
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Tha NC-CS User writes, with the MMS Write service, ths correct primitivas inte the variable N_DEV_ExampleMachi-
ne.N_AxesValTrans. This variable has the following struciure {in pascal/c like notation)

N_DEV_ExampleMachine.N_AxesVaiTrans = RECORD
on BOOLEAN; - Transformations on
transformations ARRAY[1..4] OF RECORD
- dev-ExampleMaching-
~ number-of-axes- = 4
nameCfAxis:identifiar; — name of axis

on: BOOLEAN; — axis on
transtormations : ARRAY[1..5) OF RECORD
-- dav-ExampleMachine-
- number-of-axis-valus-
-~ ransformations = 5
on: BOOLEAN; ~ primitive valid
primitive: (Translation(0), Mirroring(1), Scaling(2));
valuefloating-point;

END;
END;
END:;
with the vaiue (after the write operation)
{ TRUE, -- axis valus transformations global on
"x", TRUE, -- ransformations for "x" on
TRUE, 1, ignored, — first primitive Mirroring{), no parametar
TRUE, ¢, 4, ~ second primitive Trans!ation(4)
FALSE, ignorad, ignored , - ne third primitive
FALSE, igrored, ignorad, - no fourth primitive
FALSE, ignored, ignored , - no fifth primitive
*y", FALSE, - no transformations for y*

ignored,ignored,ignorad,
ignared,ignored,ignorad,
ignored,ignorad,ignored,
ignored,ignored,ignered,
ignored,ignored,ignored,

Z°, FALSE, ~ no transformations for *z*
ignored,ignorad, ignored,
ignored,ignorad,ignored,
ignored,ignored,ignorsd,
ignored,ignored,ignored,
ignored,ignored.,ignored,

"SillyAxis*, FALSE, — no transformations for "Silly Axis”
ignored.ignored.ignored,
ignored,ignored,ignored,
ignored,ignored,ignorad,
ignored, ignorex, ignoraed,
ignored,ignored,ignored

E3.3 Example 3: Coordinate Transformatlons/Active Part Coordinate System

In more complex applications, a work station under contro! of the NC-CS user may use palists, fixtures, and tools as described
in annex D. Thae offsats (coordinate systam transformations} required for any of these objacts may be acquired in ona of
the following ways: One, with the help of a built-in chip, programmedthrough a measuring system, This way the correspanding
cbjects may be created automatically with the correct offset information, when a pallet comas inta the arsa of the work
station. In another scenario tha pallets and fixtures do not have tha information an board, but the measuring system which
measures the offsats transfers the values to the NC-CS user (cell controller) who may use the MMS Write sarvics to writa
(or the NC requests) these values into the carresponding fisids of the appropriate, automatically created objects, which may
be structurad, for example, with the Icliowing hisrarchy:

Machine_System (known by tha NC)
PallstObject1 (Pallet_Coordinata_System1)
FixtureObiject1 (Fixtura_Coardinate_System1)
PanObject) {Part_Coordinate_System1)
PanObject2 (Part_Coordinate_System2)

PartObject3 (Part_Coordinate_System3 ) 273
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FixtureQbject2 (Fixture_Coordinata_System?2)
FixtureObjectd (Fixture_Coordinate_System3)
PartQbject4 (Pan_Coordinate_System4}

n this system of ratersnce, for instance, the program for part 1 {PartCbject1) which is written in terms of Part_Coordina-
e_Systam1, resides at the NC-CS user. To inform the NC which coordinate system to uss, the NC-CS usar writes into the
iomain-specilic variable N_DEV_ExampleMachina.N_ActProg_CS the (identifier) value PartObjecti. Staring from the
Vlachine_System, a known device attribute, together with the hisrarchy of the objects, which relates all offsets (coordinate
ransiormations) from the machine_system to the pant coordinate system {the “active program coordinate systam”), the NC
systen may now compute the tocation and orientation of part1, and is ready for the production,

N_DEV_ExamplsMachina.N_ActProg_CS = PartObject1

3.4 Example 4: Geometry Transformation

“rom the original part program, the NC-CS user may want to producs a similar but ditfarent size part, such as producing a
size & shoe from a size 5 pan program. In this case the seccnd part shali be scaled with a factor 1.2 in all three dimensions.
“or this case consider the foilowing layout of the workpiecs:

three dimensianal)

art coordinate system —+Sizab

\lter scaling with 1.2 +Size_§
lranslation T{}

\ftar Transiation + Size &

e NC-CS user setups the N_DEV_ExampleMachine.N_GeomatryTrans variable with the following primitives: 1. scaling
ind 2. Translation, with a MMS writa servica. Tha variable has the following structure (in ¢/pascal like notaticn):
{_CEV_ExampleMachine.N_GeometryTrans = RECORD
on BOOLEAN; — global Transtermations on
transformations: ARRAYT1..10] OF RECORD
-- dev-ExamplaMachine-numbsr-
-- number-of-geometrc-transformations = 10
on: BOOLEAN; - primitiva valid
primitive: (Translation(0), Rotation(1}, Scaling(2),
Mirronng(3));
vaius1; floating-point;
vaiue2: floating-peint;
value3: floating-point;
END;
:ND;
vith the foliowing values:
TRUE, — Transformation on
TRUE, 2, 1.2, 1.2, 1.2, - first primitive, Scaling with 1.2, 1.2,1.2
TAUE, 0,5,0,0, - second primitive, Translation with 5,0,0
FALSE, ignored,ignored,ignorad,ignored,  — no third primitive
FALSE, ignorad,ignored,ignored,igrored, —no fourth primitive
FALSE, ignaorad,ignorad,ignored,ignored, - no fith primitive
FALSE, ignored,ignarad,ignored,ignored, - na sixth primitive
FALSE, ignored,ignored,ignored,ignored,  ~ no saventh primitiva
FALSE, ignorad,ignored,ignored,ignored,  — no sighth primitive
FALSE, ignorad,ignored,ignorad,ignored, = no ninth primitive
FALSE, ignored,ignorad,ignored,ignored  — no tenth primitive }
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