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Abstract In order to satisfy a number of requests from a market, production systems must be changed

1.

to high flexible and high performance ones. We had the history of automation and computerization in
production systems. In this paper, we discuss about the history from the view point of market value
change. The needs to make a CIM system in manufactures is defined from this point.

And then, we discuss about the status of CIM implementation in Japan based on our survey and
analysis. It is clear that a various kinds of CIM system are installed in Japan and these systems are going
to construct the ideal system. We point out that the architecture, the infrastructure, high performance
system elements and standardization are necessary on constructing the ideal CIM system.

Finally, we estimate the future trend for CIM system from view point of market value change and

organizational change.
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AXRLI=ZADA—T > CIM P7—FTI7F %
An Overview of the Open CIM Architecture Offered by Nihon Unisys
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Abstract Present-day changes in the business environment surrounding manufacturing industries are
remarkably getting more and more rapid. The primary challenge the industries are faced with is how
to gain a competitive edge in the market by flexibly reacting to such environmental changes in a timely
manner. That is the reason there have been urgent needs for the creation of a computer integrated
manufacturing (CIM) system which serves as a strategic information system.

Positioning the CIM system as an information system supporting what is called “the making of
things,” the core basics of manufacturing industries, Nihon Unisys has built its own CIM architecture
which proposes how such a future CIM system ought to be created as is capable of meeting all sorts of
requirements in the ever-changing business environment.

This paper presents an overview of the open CIM architecture announced by Nihon Unisys, Ltd.
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Abstract It is said today that most of the Japanese manufacturers take an interest in CIM and that more
than one third of them have already started constructing or developing the CIM systems. On the other
side, however, many of the case reports describe that the development does not go easily as planned, or
the development does not come to expected fruition. The CIM implementation should be programmed
in a strategic way, that is, an approach different from the conventional system building is a must for the

CIM implementation.
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Our Experience with CIM at NSK Ltd.
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Abstract Computer integrated manufacturing (CIM) has been progressing from the conceptual phase to

1.

a stage of installation for practical use. But it seems that many corporations are in the process of
working hard on the creation of a CIM system, with clear answers still unattained to what CIM is and
how to build it in an applicable way.

NSK Ltd. (NSK) is no exception, either, where sometimes entirely different answers to the same
problems come out of the CIM people, causing us to stay at groping deadlock. However, the fact is that
our design has been so made as to meet functional requirements from customers at home and abroad for
the building of a strategic CIM system based on the idea of integrating a series of activities ranging from
production to marketing. The system at NSK has also helped make the clerical work more efficient
and save man-power resources.

Our CIM system is roughly classified into two subsystems: one for engineering and the other for
business data processing. The two subsystems are made up of even smaller units, each independent, and
so well coordinated with each other through their mutual linkage and so globally networked that the

functions apparently look as if provided by a single system.
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. Strategic Information System
: Computer Integrated Engineering

. Computer Integrated Manufacturing
HIM :

Human Integrated Manufacturing

1 SIS »*» HIM

Fig.1 From SIS to HIM
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Fig.2 The system image of MAGMA (MArketing desiGn MAnufacturing) system
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/ CAQ (b JTH#EE) \
MAGMA : MArketing desiGn MAnufacturing CAPP : Computer Aided Process Planning
R & D : Research & Development CAPC : Computer Aided Process Control
CAE . Computer Aided Engineering CAP . Computer Aided Planning
CAT . Computer Aided Testing T . Trucking
FMS . Flexible Manufacturing System D . Delivery
CAD . Computer Aided Design CAQ . Computer Aided Quality assurance
CAM : Computer Aided Manufacturing EBUEER  AEEE LB - WIRTE—KIL AT A

7 MAGMA B&EZB
Fig.7 The process of MAGMA system development
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A RIZEITS CIM R T LIBT
The CIM System at Oki Unisys
AR R 8

B W Wa=y2AMRR, 1963 FHERTERD LRE2=Y AH (UHARY —a=
Ny 7)) LORRCEBNAI Y Ca—FOBEERSEE L TR N, SESEE LT
HAEMZATO O 2EY, —HHEELSHEHL, Z2oRFrafcial Ttnwa, KifftF
WEr 2 RERICERT 5 LE M5 5 UNIDATS L v EREHRA Y V7 —2 & D E
BEHSEEEY, T—FI0EE, 778X, =SSV VEFEAUREELTVS,

B LY D REEESHOT SN a v Ea— S HAEMCEL, KSREEEZITE
2. YATALADERZDBDELTRE, FFary MEEBIUERTIEEBREEE L Fi#IHEE
VRSN TV S EMEREEY AT A, —HHEBY AT LAOEEEREY AT L MRP 22
EHICERAL, MRP Y A7 AZWRET A TIIT Y A7 A2HALTWEAEA L Z-T
w3,

D&Y ATLAEERI, CAD/CAM/CAT BLUILED FMSEDO Y X 74 L
DHEBIHEEN 2~ CIM 2B8EPTHS, 20EXS, HHADR—A LB o>TWED
BREL=VADHEIIETH 20— A ENVTIHEDOCIM 7 —%77F v Thb, 2V MV
— 7 e AVEa—T4YIREOLET, VIINVITDEY 2 =R FT TV o F
VIVTFy FRYATAOBERTHEICT S AMBus (7)) 7=y aveXvk—yr .
INR) BBAL, HEWRENT 1 COBRBICRIIL 7.

28, AMBus Y A7 A% R—R L Lizu—XENCIM X, 1990 EEDOKE V7 b=
7 AFAHZREL:.

Abstract Oki Unisys Kaisha, Ltd. was created jointly by U. S. Sperry Corporation (Unisys Corporation
at present) and Oki Electric Industry Co., Ltd. in 1963 as a manufacturer of general-purpose computers.
The products out of Oki Unisys were initially for the Japanese market, and with some development
projects gradually added, they are now shipped out to the markets world-wide. Major locations are
connected over the international information network called UNIDATS, which serves data transfer and
data access as well as partial direct data updation.

Computerization at Oki Unisys has been greatly influenced by the U. S. parent company’s excellent
computer-use technologies since its start of computer manufacturing. One of the mainstream systems
is a technical information management system which is exclusively intended for document inventory
and maintained design change history, while the main production control system wholly based on
material requirements planning (MRP) is so designed as to additionally work as a just-in-time (JIT)
system to make up for the MRP system.

Apart from those systems, Oki Unisys is now in the process of building a new CIM system which
provides its dynamic integration with other applications such as CAD/CAM/CAT and flexible manufac-
turing. The concepts and structure of the new CIM system are basically consistent with the CIM
architecture adopted at the Roseville plants, key manufacturing facilities of U. S. Unisys Corporation.

The use of the applications messaging bus (AMBus), which supports program modularization and helps

60 (626)



=y 2Bt 3 CIM Y A7 L8N (627) 61

create an object-oriented system in a network-computing environment, has yielded successful tool well
applicable for the printed circuit assembly lines. In the meantime, the Roseville-built CIM system based
on the AMBus was given the U. S. Electronics FA Award in 1990.

1. i C & I
L1 & # #% &
=3 2 (#%) (OUK: Oki Unisys Kaisha, Ltd.) i3, WEKTE W) & XEH2
=V At (MEARY —e2=Ny 7)) LOEHBET, 1963FECAHaIYE2—2
DRLERFEL LT E N, Y9, F& U TCKETHRELL D2 BEHSIZH
JTEEET> TERY, ZTORMEAIEEE7—VE7A FERBLEY, &
ETRFEARLSELTHLS,
YHER (HEBER 3, 2=VADENTHETH2 - ELVTHOET LW
SMWMETIFICR TS, HEAIRF 600 AT, ZOWRITE B L ZHEEEM 200 &,
Biffi- BFEERFT 200 £, Z OMEEIFI200 B Lk o Tva b, BLEEFID > b 70 &2
BRTZEREOEB AL VS, FERETR IV Ea—FkE3arEa—¥
DT AINBTORTWS, $EEHADS 50 10 BIIEEFHOER TS bo
TWw3, EEEHEOFT: 25X, EEHBEOER, WIMEFE, BEBIUEHED
EBErLRoTWES,
1.2 EDP L A7 LDRER
W= R #R)DEDP ¥ A7 LDFRIZ, X1DFEYTH3,

%1 EDP o R7LDER
Tablel The history of EDP systems

1963 4 £HEL

1965 &£ PCS #{fio7 B/M L EETHEY AT A

1979 4 UNIS 90 2 & 2 A EEEY A7 L4 (B MRP)

1984 #£ UNIS 1100/MAPPER # > 54 > U 7% 4 A MRP
1986 £ MRP/JIT 2> E32—>avdsif4 oy b

19874 MRP/JIT a>vEx—v 3 v DEE

19884 OE TASK iz & 3 CIM iEEiBi4

1989 £ FEIMHHRERY X 7 A B{H

1990 £ CIM #ERFERE

1963 EENOSHFNE, KEIHE2ETNVICHNIELITERV AT LTDHS
B/M (fféa#) LEREEEY AT L% PCS (VS0 F A =Ry AT L) THREBE R,
B/M (&%) i, BERrvbhsBE#EICRoTw, L, BRRE (R
REM) IEMAEA (Next Assy No.) eIV —AMEUIEEGTE2T->T, &
BRI T Y =T 2 HETH o, EEEFRINMH T L CPE 1) 25257
gk o, £3L< MRP OEXBELETH S Piece Parts Oriented System 3%
BLTulznz 3,

1979 B BT —F R—A Y AT L EHEIL, 1984 Ficid 582 MRP ¥ A7 A
BPEBTAHIENTE, & 5121986 F» 5 1987 FEWZ T MRP Y A 7 ADFA
PEETAEO8BT, IT VA7 LA%MET 2 MRPHJIT Y A7 A2 EHL



62 (628)

7. MY AARE BESIELY B) BROTVTNNYRY Y Aich b, 1988
FIZROE(F RV —Y aF e 7BV YV RA)IR I F—ABRELY:. B oY
ZPELTCIMZuy e v3b Y, CIM OiEEI 2B L. CIMDY+YA{ED

LR, CIMBFIA TOREREIDORESE 21To 7.

M=y ZARR)DEDP Y A7 AQEHBELREB L 2> TWwBDIE, B/M 2t L
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Fig.1 MRP and management cycle
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Y1k 2D MAPPER 7 7 4 M2 b 2 B &S /e > THE 21T,
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WZEBFREBIBTOMNIE L S Z & T Real time Feedback & W {EEDMBETI &
LTw3,
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BERM S AT A MHEZODWTIR, Ny 77Ty vaL2 AFa—Y a yFHEIC L DB
R—ADHEHE LD ENTET:,

3. RIMERERIRT L4
3.1 Zo—/ILER
YR N—TOEEEEHME LT UNIDATS (UNIfied DAta Transmission
System) & v F7—2 0353, K3 IRTHEY, SHROFEWHEET, K2 b 80



=y RizB1F5 CIM ¥ A7 A88H  (631) 65

o =nF-kA}+ DCPH#HA}
® > 7n-kAF DCPH#H4}
+ VE—} a2 LrbL—4

INKRATNT

F3 Ja—snNexy b7—2
Fig.3 Gloval network

UNISYS
l Fxaxr}
UNIDATS ij
UNISYS B/M
DRI - B
F—g—2 2= DY
BM {>#7x—% STELRAITE 2| MAPPERA > 77 =—2 AR

UNISYS [UNISYS] || /M 5 U T O M n

26 | ~o |l o TUT sy F = | F¥a

st [ 5 @ i TR N[| €AD <_:> 22}

-~ P P/S > MAPPER Logs ]
I ST e Z
sin L0
} FHE/M
frenk
mat
WEB/MA> 37 2 —2 % ﬁ,,:gu?.\
7 F AN
l (MAPPERl
I EEFTHEL AT L l

M4 HEAEREESRTA

Fig.4 Block diagram of technical information management system

A, BIEHIHEHZEE 2005, WR 10 FENORM>T0S, 2BEIC1IE, YAFA40
VxAv—varftbhtws, ELFHABEBLEL TR, t¥= 21— ADEE, X
—WVRY 7R, APEBEORD L DENRH B, AP EHD 5 b EMTIEHRLEIL, &b F
RFESNEA TS, W=y R () 20 RIGENHREEY R 7 A OHKIZR
4 DFEYTH B,



66 (632)

=4 ENEHEESATA
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MRP-II

SYSTEM NAME FULL DESCRIPTION REMARKS
BCS Budget Control System
CAD ’ Computer Aided Design
CAM/CAT Computer Aided Manufacturing
/Computer Aided Test
CST Cost Accounting System
DSS Decision Support System
EBM Engineering Bill of Materials
EDMS Engineering Document Management
System
FFC Factory Floor Controller BEHEL AT LDERL AT A
FNC Financial Control
INV Inventory Control System
MBM Manufacturing Bill of Materials
M.BUDGET Manufacturing Budget BWiETFIE (3MCapacity plan)
MDP Master Data Processor ERERe 2T A
MFG Manufacturing Order Maintenance fE¥A4— 7 ORITHE L UFHE
MIFPDS Manufacturing Interface
Production Database System SLEEHTT— 5 (HBHET—25) OfERL AT A
MPS Master Production Schedule
MRP Material Requirement PLanning
OES Order Entry System
PUR Purchase Order Maintenance EXERERNRITE L UER

E5 CIM7ZI7bh354>
Fig.5 Outline of OUK’s CIM plan
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A Case of CIM Implementation at a Certain Precision Instrument Manufacturer

A
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Abstract This paper is to report on a case where a system for computer integrated manufacturing has

1.

been implemented at a certain precision instrument manufacturer. With the aim of meeting the needs
for a shorter delivery period, new products and the development of new business, the company has been
pursuing its corporate-wide systems integration project for an integrated linkage of a host computer at
the headquarters with departmental computers. The system targeted by the project is for such applica-
tions as computer aided designing, production control, sales analysis (for the head office and sales
autlets) maintenance services, accounting, human resources and payrolls.

This paper mainly discusses one effort picked up from among the applications listed above, which
covers the integration of computer aided designing with production and inventory control. It is so made
up as to maintain the drawing-filing database in keeping with CAD’s creation and maintenance of
drawings, and update the production control database after giving the listings of required parts and bills
of materials at the request for the releasing of drawings. The author also considers some related

problems.
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EARHEIL FFC & R 7 L1BEEER)
A Case of Creating a Printed Wiring Board (PWB) Assembly FFC System
B B g &
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Abstract Today, the term of FA is said to be a concept of automation which, in meaning, covers three
FAs (Automation each for a whole Factory, Flexible-variety production and the Flow of materials and
information), and the three FAs have been important factors in building CIM systems. With an aim to
make this concept a reality, plant B of company A has installed a PWB assembly FFC system for its
own FMS line within the process for assembling printed wiring boards.

As seen in many other manufacturing industries, the plant B was also confronted with such problems
as (1) long lead time in production, (2) an increased volume of work prior to the start of production,
(3) frequent changes in production plans, and ( 4) a large sum of money involved in the development
and maintenance of computer systems as a result of their centralization. The development of this FFC
system was launched as one of the efforts to create a company-wide CIM system which was considered

to help solve those problems.
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1.

In designing the FFC system based on the CIM 6-layer model, our prime attention was paid to
distributed processing and downsizing, which has been the recent mainstream of computer uses, because
we believed that the design was sure to make the system easier to install and expand, in addition to
ensuring well-balanced computation loads.

To attain the goal, AMBus was used. That was the first experience for the Nihon Unisys group.
AMBus is a message-based network software product, operable on more than one processor, which
offers higher program independency, higher modularity and higher systems versatility.

Some of the major built-in features function as (1) a data transfer interface to receive from the
plant’s host systems necessary information for production planning, NC data management and process
control, (2) a manufacturing database manager to maintain information from host systems, (3) a
planner to schedule jobs for each shopfloor according to production plans, (4 ) a scheduler to work out
dynamic job sequences, (5) a route and line controller to oversee each process in the assembly lines,
(6) NC data manager to down-and up-load NC files, { 7) an AGV controller to keep track of materials
and their flow, and (8) a work cell controller to serve as an interface between the line controller and
machinery. Those functions are inter-connected through each layer of the AMBus network to consist
of the FFC system.
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Fig.1 Outline of PWB (Printed Wiring Board) assembly process
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Manager) EREIEN TV 3, WCC (Work Cell Controller) &, VDA >
4 VEEDHIZ, 74 VEEDI/F ORE%2EoTWS,

@ VARVARBIBVRLTHS, 2OVv_LE, S8 DBEEE{TH-o- TS
Za772F¥ V7 e RwAL (AT MFG HOST L#89), A7 ¥Ya—7,
BROFA VEEEHET 50— PEEMELSL, XM LIa Y Ea—
e VATALTHE, Vv—rEHR, CIMEFAVTIZ WAM (Work Area
Manager) L FFEN TR D, BIEHELIFE L) 72ROEFERETo> T3,

® VvALSRBRIHYNVTHE, TBNOLETE, EHEEHE, ZEHEROE
BEOKESDHY, THRIEEHET 5.

® VRVERBEVRNTHD, BEER, THESAZEESEEHRET S
YOTHY, BEVATF LAENHYT S,

LBEFMEILFFC Y AT AON—F T 2 7HK, V7 b7 = 7HEBROBEREECD
WTid, YAT LADBROETHFMICRERS,
3.2 YAFLOREBHEICEITA3ay—Yar Ry bT—2
A#BTITHTR, BEBECLIDYATLAR2EHRAL TWEY, ZOBEROERE
B, AV P72 B2ALTITo T3, BRI FFC Y A7 ARBEKET 22 b7
—Z7LLTH, KBILT=Z2H3%. 20—2i}, AROEBRAY IV —27DEMYR



92 (658)

3.3

T LA =T o2y V=2 THD, BARELFFC v A7 413, HEEHEY AT A
PALTIDAY b7 =2 DB oTn3S,

—>Hi%, FFC-LAN (Local Area Network) T#» %, Z® FFC-LAN i, R
MM TRIZB T2 VY R 7 A% 35— L, FFC ¥ R 7 ANDEREE, 155 OXZE
BV THLERBE 2H> Tw3, FFC-LAN O#5ic Y7 > T, THRERRY
TIBA LAN oiE# 2551, RREMOBERESES L % X 5 %E L T Ethernet*
2HEAL TV,

Y FFC Y A7 A2 BWT, FFC-LAN ORI X W ESRILREESBOI D Z &
B, OANAEBRIETH o, FIZ, YV R T L0805 E LT3 T FMS
74 THY, RECVATLOBRELET 2LESH205TH S,

ZOHDAY b= REIEHAY VY= THD, Gl Ay b T -2, YFFC v
AT LDBRTFBIRAMABL, CS (3 az=y—varedh—n) tavbu—Le AT
—yvarviElichh,RS-22C A VP 72— ATHEERT>TWS, FBIZEAY MY
— 7 LI, 1(CS) in (BEHE) OBETH S, CSVRE->TWS 10 KDKR—
FOBREEEET S Z LI D, BIRY AT LMERIZZ7H 53 FFC-LAN 2 v b
T—7ZEBMTEBDT, HATRAY bT—7 LEH LI, 72721, U6000 & EENME
ORITEE 21T 1213, U 6000 225 CS BE U CS DXR— b HEERIEEL, BfR%E A
—7yLrdhEzseRy, £, avY —NVERUADERBITSY v bTR
TCSHEREN, 2y M 7—7RHATT 7 2ALTWw5, IHRO U 6000 ~DEHIC
i, WARBIENT 22— 52BE32 LI V{ToTw3, ZodHEry b7 —
7EFAT S ck Y, BFETT A ORKBEMESRER, HR, 7V vy 0
BHLBRBOEMCEbE TRERDH BV AT AMERHTEL LI XZ 2TV,

AT LOHEAE

BFFC Y AT ABREDAVE 2 —FEROFNTH 2 Y AT LDOSHILEERA
LTw3, M3RZYYRT LDAEILET VERT.

MTbEHL»R I I, YUY AT LAOSBILTCRBEESBARNEFA L, ZOF
EMAROFE L LTI, B - RTFOBHHE, AESE, BERABENETOh

| FL AT L G4 AT A 74‘/DB ------ 74 BF

A S

3 EEFBHMREETIL
Fig.3 Vertical model of distributed model

* Ethernet : [EH Xerox DB ZMEETH 5.
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Abstract

With a major objective placed on the achievement of uninterrupted material supplying and

higher production efficiency, Oki Data Systems (ODS) has developed a computer-controlled material

supply system (CMS). .

Of the subsystems for production control, material supplying and others, which all consist of the CMS,

this paper mainly discusses ODS’s new in-plant material supply system recently built for the primary

purpose of attaining automated material distribution within its manufacturing facilities.
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Abstract In manufacturing industries, many different types of automated systems are being built in

1.

response to the age of flexible-variety and flexible-lot production. They include MRP systems for
automated planning, CAD systems for automated designing, and CAM and FMS systems for automated
manufacturing. Amid this trend, a very important role is played by an EDP system into which all pieces
of information each for planning, control and engineering have been well integrated to support both the

movement of plant workers and materials, and the operation of machines in factories.

As a system aimed to meet such needs, the company T has created a die production control system.
This paper describes the system with spotlights placed on the following :

1) The system’s major characteristics

2) The system’s functions, and

3) Considerations given for the construction of the system.
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The Creation of a Production Control System at Sakata inx Corporation
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Abstract As a printing ink supplier, we also have come to be affected by prevailing trends toward small

1.

-lot/large-variety production arising from recent changes in what consumers seek. As a result, there
have been a lot of changes in production plans, and more and more customers are demanding an
immediate delivery. Then, there arose a plan to build a production control system in response to the
needs for reduced clerical work by human hands and less lead time, resulting in the start of the project
for this objective. In designing the system, what was regarded as important was to pursue the question
: “What is a production control system all about ?”, with special emphasis laid on a man-machine
interface serving to well bridge a gap between the system and its actual operation. Another approach
was toward the creation of a production control system combined with a factory automation system as
a possible future extension to CIM. This paper discusses the approaches taken, their development and

results.
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Table 1 Market trends and SAKATA INX approaches to its
ideal operation goals
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Abstract Great efforts are seen in the medical supplies manufacturing industry to produce medicine based
on the idea that production must be in unity with marketing because of the industry’s social responsibil-
ity and heavy sales competition. With the aim of serving to provide assistance in creating a system
which has production and marketing applications all integrated, this paper gives a case of building such

a system for the industry and discusses how to approach the goal.
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Approaches to CIM for an Engineering Development Department
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EETIRBEMBEREIICEEEH T, EES 1 AN TOMEMT, BXUZ I COEH
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LTGHE, AL—RXBEEDILS BT, LT o CIM ADFEFIIHIE L T 720 DHEIEISE
HWIDHELY AT A (HDENEK) &, ZOEBIZAT TORHTOVTHRS,

Abstract Today’s efforts for CIM installation have been more and more active in manufacturing indus-

1.

tries. It can be said that this is because we have got into the age which demands functional linkage and
synchronization among different departments within a corporation as a result of stiffer competition in
product development caused by market maturity and urged faster business execution for shorter
leadtime. Most of such efforts, however, seem to be focused on manufacturing, a lower process of a total
production system and to limit the primary objectives of engineering departments simply to higher
in-department productivity by means of the installation of CAD/CAM systems or engineering OA
systems for applications involved.

With a spotlight placed on an engineering development department, this paper refers to its positioning
within a production process, which information comes about out of its activities, and then where an
integrated system for such an organization ought to reach, in addition to how to approach its implemen-
tation, in response to needs for a CIM system which helps gain more new product orders, a reduced

period of time from planning to production readiness and the easier start of production.

i L &

TR, BIEERICB W T CIM (Computer Integrated Manufacturing) ~ DM
TIRDBABEREL TE TV S, HEEERY S REOR GHER) & Hiff.
SLERFIVIRERZ TV S8 (WWER) CIV5|SBIEhIRELLTOYR
7 AEESEY, BEHO—DTHS S,

UL, ZOREALRZEESATAOTRIBTH 2 BEMF 2 gLl & U 1EE)
T#»® Y, MRP (Material Requirement Planning) /JIT (Just In Time) /DNC (Direct
Numerical Control) ¥ 2 7 A& R— A2 2 DR %2 LiF 5205 3, —F, EHTR
ThHIEMEFICIREERER LD DD CAD/CAM (Computer Aided Design/Com-
puter Aided Manufacturing) ¥ A 7 LB ASB—KR{EL, ZDEBED EOA (Engineer-
ing Office Automation, HMFERFT 0A) Y AT AL INODH 528, LiHHsEL
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The Integration of Surface Modellers and Solid Modellers
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Abstract Surface modellers and solid modellers have been developed independently of each other.

1.

Many researchers people have pointed out the necessity of integrating those two different types of
geometric modellers and proposed modellers with which to make the integration possible. Studies of the
integration are classified into two categories which pursue @ the solid modeller’s capability to represent
free forms, and @ the practical representation of surfaces and solids in a unified data structure and the
treatment in a unified manner.

Besides referring to why the integration is necessary and what technical problems are involved in its
implementation, this article presents and compares several unified ways to represent surfaces and solids.

This paper is intended to bring CAD systems developers in general up to date on current moves in the

field of the integration of geometric modellers, along with the author’s views on the trends.
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Fig.1 The comparison between the modelling procedure in a surface modeller and
a solid modeller
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Fig.3 An example of a divide-and-join operation between two

composite surfaces
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A Mehtod of Modifying B-spline Surfaces

7oK B X

E ¥ EF#HEH CAD (Computer Aided Design) %, FH¥4 Y2 FERE T3V A7 ATR,

MEER R MERRFRESERESN S, XFETIER, HEORED R S LR & OE5;
BEOREZRL DD, WENCEE T2 FEL2ERT 3. ZAFERE B-2 774 VHEKD
WTORBRIEFET, BWLER LNENLREROZERE» SR ahs, ERNRER
ZHIE L, BENOMEORONEEREME» 5B 2RHNLHEC XV FFEEIEdsn
3, L0, MBOKRGE»6HRE S IXIHIZRFE L LT, £BNLRERRECEETH S,
BRER TR, BESN-EVYEESEE COBREE2ERET 2HELEO L RT.
MNEERREE TR, /v FOEAIRARD « AT Y XL %HEN, BIETOEHESTIHAD
THOBMIEE LTRBAT 2 HEERL,

Absract The interactive modfication of free-form surfaces is a primary concern of CAD systems for the

1.

shape design of manufactured products. In this article, we present an interactive shape modification
method for B-spline surfaces which maintains the continuity of surfaces and satisfies the boundary
conditions with neighboring surfaces. Our method consists of two processes: a static modification, and
an interactive modification. In the static modification process, a surface is modified so as to satisfy the
slope continuity conditions at specified neighboring surfaces. Using the Oslo algorithm, we show that
new control points can be calculated by a matrix multiplication when knots are inserted in a B-spline
surface. In the interactive modification process, we introduce the concept of an operation surface which

make it possible to perform the modification interactively.
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Fig.1 An example of a non-periodic B-spline curve
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Fig.2 Control points of a non-periodic B-spline surface
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Fig.3 Cross boundary derivative of a B-spline surface
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Fig.4 1X1 surface defined by the conditions of four corners
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Fig.5 Knot insertion matrix and control points of a B-spline curve
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Fig.6 Knot insertion matrix for a B-spline surface
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Fig.7 Plane symmetric shape modification

HEAIR L AT T1d, BT 2 i & OB VPEEERGEIERIND Z L%
W (8) 2, ANNESh3&E20% T, MERECRELRY, DD, #E
EEGEDRG IR EDERRT M VOZERGETH 270, BRAEMMICE B2
LYENDHL, LrL, BYESHEFBEAMSOREEBTCELERTAERS T,
Wb 3 YA A MESDORIED BRET 270, EREHMS 2RO 2DIXEBEE
5 (9) tizvwz, B TIZRW,

Flz, MPVLEIEFRD . v b7 MARBEIERIFRIEES WY, /v b
BALZ T CEBmICDE Ry MRESFEEL, HENEEFE UL Z2WEEIES
N3Zen8bHd70, BERRE L TGEMOMBREFRL S E2D08—RTH 3,

DL LT, BEULIBBTLR L AN S 2K 5 2 L CAB=S 0
fHEF R E D, Coons MOMEAIRLHIEEL 25, That [HNDBEREE» SR E
BHE] &3, LrLIEDMLETH 3 - DHFFREDORVE, RELHEEE{EA
Tw3,

k4R

p;

BIRLT 5 HIE D FR

X8 MENMRFFHIALRE L TEAONh38E

Fig.8 A curve on surface is specified as a boundary curve
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Fig.9 The slope continuity condition and the degree
of freedom of the cross boundary derivative
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Fig.10 Shape modification with the fixed boundary curve of %#=0
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Fig.11 The boundary curves to fix and the corresponding conditions of control points
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CAD/CAM 7— % 3cHaES#4% : STEP

F—i —STEP O2{FER & FIRRTE—

CAD/CAM Data Exchange International Standard : STEP

First Report—Overall Structure of STEP and Shape Representation—
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Abstract Corresponding to the technological advances, it has been well recognized that data treated in

1.

CAD/CAM systems should be based on Product Model Data which supports all processes of product
development from product design until product manufacturing. As for data exchange between different
CAD/CAM systems, US ANSI standard IGES is well known and used world wide.

But, enlargement of scope and growing complexity of data treated in CAD/CAM systems has revealed
that IGES,which is intended to exchange only product shape and drawing data, is insufficient for high
level data exchange. Reflecting these circumstances, ISO/TC184/SC4 which was established in 1984
started development of the first international standard for the exchange of product model data : STEP.
Though its concept and necessity was well recognized, practical implementation technology of product
model data was not mature. Therefore, the development of STEP has had difficulties. After seven years
of development, STEP version-1 is estimated to be established in FY 1991.

Specification of STEP is an enormous one which is currently about 2000 pages. Therefore, it is difficult
to introduce STEP even if limited to its features. Accordingly, this paper is situated as a first report.
After introduced the importance of the standardization, its history and organization, overall structure

of STEP information model and shape representation is explained to some detail.

i L & IC
CAD/CAM Y A7 AR CIM Y AT AWERL, YAF LMTOEMT — & 2EH
F—FDOZHELOLBEENEEY, F— I THIEENFEHINL LS IR ->TE T,
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Product Data Exchange Using STEP Y E¥H) ORERER—A L LT, BELEE
BEVERIc & ) STEPBR 240 3 Z L2k o 7o, FAFKIER I EM 2D 7243, 199142
Bz iz STEP OBRYIOR S BN ZE R RBITEL, RANCHIAEIZ 2 b
DLPFIN TV,

IGES &, STEP & %\>i3 PDES O#EER 2081, TOHAMCRIBENTWS,
IGES ix, ZDBSEYEED CAD/CAM Y AT AD VRV ERBUTIRYES 7—25
X, FEHELRT—%, HE2VRT7A VY7V —APEMEEC L 3BRT -5 TH
57, SATRRBLFRINTWE LI, ZEEGHEEMCKEL, L
T DI IR0 EHRBERY, TORTCEEZTCRDLL LSO KN - &
BERERAL, “PWTHLENHZ, ThoERIFLT, Fus 7 vEFVT—F
LE>ZesE S, STEPR PDES i3, 28127087 FETAT—F DTERK
BERKREBLELTVWEDTH B,

7ugy s b2 TN BERHRIR, BERX IC—RIEL T & R EIN
ELTREREILEZ DOERE> TR, FOLIBREOFTHEDOSND
STEP DFase/EZ L, R8I CAD/CAM HIRBEROBRRE 2 LR L, SBROV AT
LBAFERAH T B LD %, B[R | BOBEEEL 2o & 5% 2%\, CAD/
CAM® CIM @ & 3 12, BEifioESBEL, EfBRFORL VAT TR, [#Ey B
DOIEETREBNCEER LR 205 TDHS,

byEIE, STEP HFOEBEZ R, SBEBRICEML T &2, HREov
Ea L Th ) ERARERE IR TS L REvit e oz, 1990 £E» 513, BN
B33 STEPMMEROHAFKZ Y227 b [STEP v F -1 #FELTBY, 20
BRE LB E 2 & D EENZEMNERSHBFS A TN S,

2. 70¥Y bPEFNTF=INDRIA—-T
Fug s VT v IONRE R ZHEEIZ, BARIC,
- SRR RRER R, S8, AZ, PREE, KEER, RE,
%, feRHEcE»NTWIFER)
RETER, B, REHeRE, Hake
EEREMRER (T8, 1E%, R, BRS)
EHEIER
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- BUEEME | REFE, SEREFIR
- BUERR | RS
EERR (EERME, BNE)
EHER
FLEDLDR TV, MR ZEHIPATH Y, 2OPTHRELENR S HMish,
BHINTW2ORBENRTH S, F— I THRERIIB L THEBETH 3.
7uF 7 PETFAREDT —F XR—ADOEZIIC DOV, EEREH LR
LT8Y, RE—BEZFREIEERLT, HROVYATFAITLRT PRy 7 2Hnss
RHESMTWS, BRo7ud 7 b 2707 — 7@z, 2ok > B2 RE
ERREET, BNCRAINZ TS OBR L hS2EELL LS L T2HDTH
3,

3. FITIMBEENER

7uy 7 b ETFTNVT I OB OTE L LCid, & UL TKRD 2HEB 23517

ZZENTES,
« YRT LDHE
- BifisERoH£E L I

VAT AOFAWCEL, BRI, BEhSEECE S TRTOLELEIMIEH
ERRNICERBA LT - TFNVERBICV AT AT RITRL EE 2 0T 1,
BARIZREZI RPRL I L8, BiEE2ED v R 7 AORBEIREX OLEI
MARFEL, B ERLAA> T RRBOAR ZRLCHREINTE, LR IRE
BELHLSTH B,

L7zdso> T, BBkl CIM Y A7 AR FEHT 5701, AR DY A7 AIEROH]
BERVAARBERZ DI 583 28w, LELESLEERT 3207, #
NODYAT AMDT - BHRIEHRLL LS LWwd 2Ltk 3, Fud s 270
77 IR, BB D CAD/CAM Y A7 ARHBASHRTLE 7272012, Db
ZPATRHBCRIZITELEL, FBLTEEL TWAEELHALT 3 -00EA
ELTHREHNLERSG L 5ND, BEFCAE, HE S8, SEORBMDE
B3 BT 2 I H D, ERSELTAMLEZ > TE TS, —B¥EN
TR, HLOBEMTOT - XML, HANSESY R 7 ABEORERERC
brrEIOND,

77 bV ETNT —F OHNRREMERLI NS Z 2T, HENFROMLE L F
REVSHTRERERNDS, 7usd s bEFLVOELNERELZOEKE, 7—
FHAFZ OV TRRLZCE L ORERSH D, FERHEFEMERITITbh TV, L
2L ISO DB TR, B—ROWESE, BNESEZ Y, HBLOHBLT7T— 5 2R
THBELTEI2HERY, RBEZEZONIBEOEMcL>TFuy 2 b EFLF—
FONFRBEEFRMEL IO L LT3, ZORBRELTTE 18RI, HERELE
DHINETH L LE X5,

COHREOHMPMELFHT S Z ik, —¥N, BRI2GCEMOTF— e
L—=RIZT 27213 T {,CAD/CAM ¥ A7 ARy & BB /AFER L BEED ¥ R T
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LEHE LR T I AR ERY S ¥, BREFFCR oY AT LADOFREREZIRECT
%,

4. T—5TRELDESR

7S VETFNT—SRHERE YL LT, $FTRWL 20T — & ZTHREHE) R
ixh, EBERAIATHWELDOLHS, Cho2M1IcEzend, ZhoOXH]
ERIHROBECREHECLY, QIGES BXUZDRTIOET 2D, @ ANSI B
X U*PDDI, @FHNTHIF & 7z VDAFS, SET, CAD * 1%, @XETHFEHD
PDES, OIS DI N —F I3 TEZXLB I enTE 5, STEP BRI h 5D %221
WS, HIZHEART 20O TRRLFUS 7 VEFAMT—FDEZHE2HFLIMILILT,
1$%D CAD/CAM ¥ R 7 LDRBOHAE2LEHL L5 LOBKAATHAEINT
w3,
ERNCELFASNTWS IGES BFIAE» 5DH { DERIER T, RR LB
BEREE L TE 2, BRAPABTETEBEZAMHEILD X i), KD CAD/
CAM Y A7 ADRBIZTAMIGL SRy, LOBRBHTEL, £, 2075
TAv 2 F—FRRLIT = ERTCRTA/LTud I VY EFNVT - ORBBTE
F, SRR S EEALITCOT—IORNEBNCKBETERZY, tEX16Nh3
k3o TE, #2T, IGESEES T, 1984 EicFusd 7 hEFNT—F D5
efEEZ BRI L LT, PDESEE2FKE & €/, IGES 25 PDES ~, ZDAHFID
ESHRBEDEL 2 YEE> T\ 5, PDES AL, BAlid IGES ZAZOH DT Fik
v VBB TH o120, BETREFNLEE S IGES/PDES KB LN ZIEZL
T, PDES i3 IGES ZESDFEEEHE L 2> T3, PDES O—GD5 K% b -
T, PDES #3 IGES 2B &#ib 3 L W) HA e, IGESBRESTTRIATWS,
PDES i3 ISO iz s h, EEHIE STEP OEREL 2> T3,

5. ISO m#Ak & iEEY
Fagy bEFNT— FRHIERALIX, 1SO BT TC (Technical Commit-
tee) 184 (Industrial Automation Systems) KBWITHEIN T3, TC184 13,
BEESFOBEEEMCRb 2 BELEBI DO 92, 1984 FWHRIZ I NH LW TC
ThY, FOHIZEDD SC (Sub Committee) 2F- Tz, Fus 7 b EFNT—
& ZEHuE#e ki, SC4 (External Representation of Product Model Data) ¢iE4
THY, KED Bradford Smith (5t NBS, ¥7E NIST-National Institute of Stan-
dards and Technology) B#E L & D, RO EELZENSIML THERE2EDTER,
HAE D ZOEEHOEP SSMLTH Y, FHICOSHMHERET> T &,
TC 184 DIELUSTFMRRET 22ON, SC DEEBTEE > TE 20T, 1989
FZSCHUTD X 5 cERR S L,
SC1 Physical Device Control
SC2 Robots for Manufacturing Environment
SC4 Manufacturing Data and Languages
SC5 Architecture and Communication
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USA IS0 EUROPE
; > } »
79/9 EC
o
g0 B/ | _FRG  FRANCE
IGES 1.0
NBS
81~
1/9
81/ PRODUCT MODEL DATA
IGES 1.0 —_—
82~ ANSI
82/10
83/2 XBF-2 82/10
83~ -A | cAM-1 A~83/1
IGES 2.0 A->83/4
NBS
83/12
84- 84/4 TC 184 84/3
SET V1.1
84/7]sC 4
IGES ESP | 84/7  84/7 /7]/S¢ Aerospatiale
PDDI | 84 +WG1 1 sy12
84/11 USAF n 84/1 /
85— | IGES 2.1 VDA FS 1.0
NBS DIN 85/8
[ AFNOR
DIN 768-300 V1
66301
86~ g6/4 I
86/6
IGES 3.0 86/5r Long /
NBS R 86/7
ange 1
Plan cAD* vz |VDA FS20
ESPRIT |
87-
87/9 87/ 87/9
IGES 3.0 GMAP CAD*1V3.2
88- ANSI L USAF ESPRIT
88/5 1rLong
88/6 Range 89/4
IGES 4.0 Plan SET V2
NIST 88/10 88/11 Preliminary
PDES V1.0
89- NIST | ———u|STEPIStDPl__|
TC184/SC 4
- l 89/6
90/1 92/1 [[(F=) : AFNOR
90- ;----- eeea P - STEPVLO Z68-300 V2
: IGES 5.0 . :PDES V1.1, _|STEPVL.
! NIST ! NIST | TC184/SC4

1 F— 36T/ (HRoER
Fig.1 History of specification/standards for the exchange of product model data
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General — TC184/SC1 — WG 2 Geometry
Assembly Numerical Standard Presentation
Control of Part Toler:fnce
; Development Material
Counsil Machines Form Features
Draughting
Mechanical
Product
 ISO TC10 H TC184/5C2 - WG 3 Product Support
Analysis
Technical Robots for Product Electrical
Drawings Manufacturing Modeling Manufﬁ:ﬁ?ﬁtg
Environment
—I STEP Editing L laec
Kinematics
Tech. .
r ISO TC 97 L TC184/SC3 || WG4 Publications
Information Manufacturing Qualifica
Processing Application I Project -tion and Part
Systems Languages Management Integration Qualification
Advisory Group| Model
[—-— Integration
AIM Development
L Integration
ISO TC184 |~ TC184/SC4 WG 5 Training
Application
Industrial Industrial Data Strategic STEP Protocols
Automation and Global ' Planning Development
Systems Manufacturing Advisory Group Methods
Languages I Information
Framework
Integration
H WwG6 Methods
TC184/SC5 EXPRESS
Conformance Languages
L Requirements for Testing EXPRESS
System Integration Procedures _ Methodology
and Standardization Library
of Manufacturing Structure
Communication and Language Tras.
Integration WG 7 Tools
Implemen
-tation
Specifica
-tion

X 2 STEP BR#EE/I1SO
Fig.2 Organization of ISO/TC 184/SC4 and SC4/WGs

SC38% <Y, ZTOWNEHNSC1 & SC5RIRD FiFoniz, %7z SC4 DIHYE
B E N, BT - ZBOA TR EEBEFbLET—FRSurs/53 V78
FEeROFEEERI LTk, F4 MV ERTI=THRO LD HD SR,

Title : Industrial Data and Global Manufacturing Languages
Scope : Standardization in the Field of Data and Languages for Manufac-
turing Applications

BARD SCAETOMBER 2 12, MIE3 2 ERMERER 3 1Rd, Hi5a L EEE
Hoxtsid, UTO@EY TH 5,

WG 2 ! Standard Parts (Convener: G. Ehinger, )
B ORI, RT3 2 RO
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WGS
WG4
WG5S
WG6
WG7

E.C.

: Product Modeling (Convener: B. Warthen, %)
Generic Resource Models, Application Resource Models @ BI5s

: Qualification & Integration (Convener: Y. Yang, )
&1& Resource Models D & &

: STEP Development Methods (Convener : B. Danner, )
STEP 24 0&ME 7V 0OB%, BRXE:E EXPRESS 0%

: Conformance Testing Procedures (Convener: J. Owen, )
BEEERERE, Y —VOR%

: Implementation Specification (Convener: J. V. Maanen, %)
FERRDOF

: Editing Committee (Convener: N.Shaw, )
STEP @ ISO XEMK L ORI & RE

PMAG : Project Management Advisory Group (Convener: J. Weiss, )

STEP RO EDHRE, FHREHE, &R

SPAG ! Strategic Planning Advisory Group (Convener : J. P. Letouzey,

L)
BREXEA (#) B3 E2—9-
ryvyTm — 777497 AHE
H (NICOGRAPH) TS
EXR STEPfEZES
~ Shape Model
Tk ape Mode
EALRAL | L] Form Features
ISO/TC 184 1 1S0/TC184/SC4 STEPER2 L Tolerances
AREMFERS EAHKERS
. H Presentation
| 2 BB l
- Draughting
H H FEA
e % 2]
=z +  PSCM
7 Iye=TV T REH S I
¥ M Kinematics
i w o% 2|
M Implementation
4 Certification

Xl 3 STEP EARiE&/ER

Fig.3 Organization of Japan National Committee for TC184/SC4
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SC 4 £ DFFRETEDKE

ZOHT STEP DFARICEHEHIZBIE T % D3, WG 3, WG 4, WG 5, WG 6, WG 7
BXUE.C. £ PMAG TH 3,

WG 3 1347 150 ADEFIRBSBE L T BB AD WG TH D, STEP B0k &
ZOEBETFNVT -5 OB, TRTZO WG THESATWS, Geometry &
Topology, Visual Presentation, FEA, Draughting 24 43872 & OIEEHER E LT
WG 3 TizEt 15 @ Project SEEE T %,

WG4 RERET N E L TOHEOREIZE - TH Y, WG 3 DF project TRIFE S
7z Resource Models ZHHEDBHEDIEL & 28R5F T 2 L e, EEER2HERL,
Resource Models 26 & L TOEE R L 3,

WG5 i3 STEP 2 0&BE 7V 2R T 5 L iz, B EEEXPRESS # %
LTw%, EXPRESS iz, fHOBRO—BELORE, T ROBRL (GHEmE
FEATRE(L) 2 B L THF s iz Ada ® Pascal Bl stz v SETH D,
STEP 03~ T® Resource Model ® AP’s (Application Protocol) ®OHA&ix, EX-
PRESS TORBBHEHE[FIT ST 3,

WG6 i STEP b 7 Y Av—3 DESGHRBRO L DD HHER L Y —VOERKS 2
DERETH S,

WG7 R7— 5 RHREDRR T 7 4 v DR &, EXPRESS bt 5%
87 7 ANV EOEREANDERAIZFAR L T 3,

PLEDBMIRROBEFEORBEBTH Y, ZDftuziz, B s n7- 8% ISO DXEH
FNCER S U THERR/MEIE 21T 5 72 % @ Editing Committee 3 & Uf PMAG 2SFes hC
W3, PMAG iZ WG 3~WG 7 D% Project Leader 5 U& PEH» 5D 1 ZDHE
E» SRR EEEBTHY, BRORTFT—F XL a—, HEOEE/EE, &
WG ~DIEHBEEITH 3,

STEP 1213 ISO OHMEFES & L T ISO-10303 s3F 5 X T 348, —D DT
Froma b Tk, —HOMAMMERIE (parts) » S5, BIFEIER L Parts
OXMIGOFEMER 1 ISTT, 20 & 5 REFKEBOEEL L R SE EXPRESS 0
A, % Resource Model 3B D EFIR ST HUEAE F OHRZE 5 —IERE 10 4%
PFEOHKRERET L, Zh % EXPRESS TERTHITHED EWISIREELHL T
5,

6. STEP (% L 23438
6.1 STEP BRENEXNHEZH
STEP RO EMIERD L > ITHESh T3,
The creation of a standard that enables the capture of information
comprising a computerized product model in a neutral form without loss
of completeness and integrity, throughout the life cycle of the product.
Z Z7C product life cycle & i3, BIFAE/RREF, 54, BE, H5F%, 2055
FEAONTHOFMERATHB»OMAE 2 $TOLBMES > BHEL 7 — 513,
bHELABRDA TR, BB EHET 2DAVSORBZTRTDT—5 251,
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&1 STEP BRI L RS/ O
Tablel ISO TC 184/SC 4 STEP development organization and parts

GROUP LEADER(S) PART*TITLE EDITOR
PMAG Jerry Weiss 1 Overview & Fundamental Howard Mason/
Principles Nigel Shaw
WG2-Standard Parts Gerd Ehinger Concepts for CAD Standard Parts
WG3-Product Modeling Barbara Warthen
P1-Geometry & Topology Ray Goult 42 Geometric & Topological Rep. Tony Day
*204 Mechanical Design Using
Boundary Rep. Ray Goult
*205 Mechanical Design Using Surface
Rep. Jochen Haaenisch
P2-Visual Presentation Horst Nowacki 46 Presentation Kornel Klement
P3-Tolerances Bill Burkett 47 Shape Tolerances Bill Burkett
P4-Materials John Rumble 45 Materials John Rumble
P5-Form Features Mark Dunn 48 Form Features Mark Dunn
Deputy:Christian Altman
P6-Draughting Michael Fox 101 Draughting Resources Robert Park
*201 Explicit Draughting Wolfgang Hass
*202 Associative Draughting Larry McKee
P7-Mechanical Product Definition Bill Cain
P8-Product Life Cycle Rick Bsharah 49 Product Life Support
P9-Finite Element Analysis Keith Hunten 104 Finite Element Analysis Keith Hunten
P10-Electrical Steve Grout/ 103 Electrical Functional

Peter Fergus
P11-Manufacturing Technology =~ Greg Paul
Deputy:Dan Small

P12-Architecture,Engineering, 102 Ship Structures
Construction (AEC)

P13-Kinematics Ulrich Gengenbach 105 kinematics

P14-Technical Publications Jay Wood

P15-Product Structure 44 Product Structure Configuration Buzz Bloom
WG4-Qualification & Integration Yuhwei Yang *203 Configuration Controlled Design Steve Ryan

P1-Part Qualification Bill Burkett

P2-Resource Model Integration ~ Yuhwei Yang 43 Representation Structures Dave Sanford

P3-Application Interpreted Yuhwei Yang
Model Development
P4.STEP Integration Technology Mary Mitchell
Training
P5-Application Protocol Guidelines Mark Palmer
Application Protocol Integration Steve Ryan
WG5-STEP Development Methods  Bill Danner

Pl-Framework Wim Gielingh
P2-Integration Methods Bill Danner 41 Fundamentals of Product
Description & Support Alison McKay
P3-EXPRESS Language Doug Schenk 11 EXPRESS Language
Reference Manual Phil Spiby
P4-EXPRESS Methodology Augusto Nieva
P5-Application Interpretation Methods Bill Danner
P6-Language Translation Tools  Anne Williams
WG6-Conformance Testing Jon Owen 31 Conformance Testing
Procedures Methodology and Framework

(CTMF)-General Concepts Jon Owen
32 CTMF-Requirements on

Testing Laboratories and Clients Jon Owen
33 CTMF-Structure & Development

of Abstract Test Suite Jon Owen
34 CTMF-Abstract Test Methods Yuhwei Yang
WG7-Implementation Jan Van Maanen 21 Clear Text Encoding of the
Specifications Exchange Structure Jan Van Maanen

22 STEP Data Access Interface James Fowler
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Bi52757 4 ANRERERS DTk {,CAD/CAM Y A F ADF —F R— A1
KHEIND L OR, NREZIBBRBEGKORLELTAEHRS ZenEHLERS, b
b5A, TSRMBERTH D907 - EROMERRD Y, BARTEdH o7
T—FDHENRLT S,
STEP Dfi7c § NERABMHE L TRO LI R e MNFEF ST 3B,
« Exchange completeness
T— I RBPDIH iz 5 CAD/CAM ¥ A 7 ADRT, F—F Difk
ZTELRYDERLTE,
* Archiving completeness
CAD/CAM Y AT LABBBETE 707 b F—3 2 ZoMPES
HEE)Lil, RETELIT 5,
+ Extensibility
BEESTIRENTY, MHIOTF -7 L Hifatk» b3 Z &,
(Upward compatibility)
+» Testability of additions
STEP OHBPEEIE, EbALRESRTNRIEZ SR,
- Efficiency
STEP D7 -5 ERL 7 7 4 MEEIZ, 272 < L b BFEORMOERE
X D +ZEBBA TR TR SR,
» Compatibility with other standards
HHHFET 2 TH2 I EMOER L O T, TE XTI REE 23,
FHIC X 3 BERERRED X 5 10T 3, ‘
* Minimum set of entities
STEP &% 37—y EROBEIBER 2 M- T, T3
BB TRETH B,
- User-defined data/syntax/entities
PBRIIGCTT - EREBML TWIFI 3 A= XL 2BET 5,
» Computing environment independence
HEREEN S TE L7 THNICT S,
+ Logical classification of data elements (subsets)
KRWIZX, STEP 022 RIBFHCNE L T5 2 L3P RV TH S
3.
ISR Z L B R BHEOER IS TE 3 & 512, Subset D& 2RI
FELTBLELND 3,
6.2 STEP & 258
STEP THOIMREFNT -2 2EK 212, $ - HROLEEE LR 4 125x7.STEP
Hitg (1SO-10303) iXHEMD Part DEAKE LTHEREN 2, OVERVIEW (Part 1)
3, BEEEOR -7, BEHEM, WK Parts OAIENM T L #EE, BIREZOME
17, AEFERELLXETHY, BHRASHETErA T3,
HIBOHMARAED, RPROFSEAIERE TN (PIM: Integrated Product
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]2 STEP L83 3MRETILT—S
Table2 Product model data in STEP

Common Technical Resources HLEBMER
Geometry b AGEES
Curves and Surfaces B4R - B
Topology PROY—
Shape Model BiREFN
Geometric Set BAERES
Wireframe Model TAY =TV —Lh e« EFN
Surface Model ghEE 7
Brep Solid BRKRAVI v F
CSG Solid CSGVY Y yR
Mechanical Product Model BRYUSE T
Product Definition Data BRERT—5
Shape Definition EREE
Design Model Rt TN
Form Features FARER
Non Shape Model FEBIRE T
Tolerance nE
Material 7
Machining Process mITem
Surface Finish FEMLL
Product Administration Data MAEET—5
Mechanical Product Structure BB RS
Part/Assembly BB HE L&
Constraint/Dependency R/
Configuration Management Data BREET—5
Product Manifestation WA
Draughting BEME
Presentation FR
Product Life Cycle Data BRI AT7HALIN « F—5%
Finite Element Model AREREFN
Mechanical Link Model BT
Technical Publications B #E
Data Administration Data F—ERT—%
AEC Product Model BE LRz v2=7 ) v /8REFL
Electric/Electronic Product Model BER - ETURETV
Ship Product Model M RET N

Reference : STEP Document0.2

Information Model) Th 2. ZZiid, H1ITRLLZTRTOEFANE FLHEE
DLEZER, HE2REL KA (ntegrated) S hi- B CHEET 5. HRESIAS
AiZ T~ TEXPRESS THi—&hTw3, &8, 7 VEEOBEREE I DWW TR,
ZDHIZE E T3 Fundamentals of Product Description & Support (Part 41)
CEEHZBHHIC OV TORENH 2.

APPLICATION PROTOCOL &t i, BEDGHAF T (F2& 21F 2 RT8IH,
FRATBIRZ D %00 5 72 5 B 5RRF B-rep T 7 V) DFUETH D, IPIM 2 & 2 h 3 A%
entity EOHTCUHTACLEL DDA EHEL, BHEWIGEU T entity ROEE,
entity DFEFIRAOMINEIT > C, UBIERITHEORTOHBEALEET 37200
HATH S, fERD IGES ® SET HD1EHE T, IPIM 1243 2 05 % B4R L
UCTRBLMERL T& %28, STEP Cldhd" AP # A LTHBT 2 2 L FHEL 2 h
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OVERVIEW <PMAG>

#1 Overview & Fundamental Principles

APPLICATION PROTOCOLS <WGs>

#203

#201 #202 el
Explicit | Associative | CoLfifuration

Draughting | Draughting Design

INTEGRATED PRODUCT INFORMATION MODEL <WG 3,WG 4>

APPLICATION RESOURCES

#101 #102  #103 #é.lfﬁ #105
Draughting |  Ship Electrical inite | Kinematics

Resources | Structures | Functional Elemer.lt
Analysis

l jiomawel] 7 A30[0pOYIRIN Bunsa] 9OUBULIOJUOY) IE #

8
Z
=]
g
o
S
~ (e}
3 4
E GENERIC RESOURCES E
2 g
a
S #48 247 o
== Form Shape =
E’ a Features | Tolerances &
g :
z| g
=l #42 #46 #45 g
=] Geometric & |Presentation | Materials | ©
g Topological S| e
21 Representation -
a S
#43 #44 A
Representation Product Structure ~
o Structures Configuration g
g ] * | D
&3 #41 8
SS Fundamentals of Product
é) g Description & Support
g L
(=]
R #21 #22
B Clear Text Encoding STEP Data =
= of the Exchange Structure | Access Interface ®
T

IMPLEMENTATION METHODS <WG 7>

X 4 STEP R8s
Fig.4 Overall structure of STEP standard

Tw3, AP OFFiftETH 3 AIM (Application Interpreted Model) % EXPRESS
TidRah 3,

IMPLEMENTATION METHODS iz &% LD FERD X a— 72, IPIM T4
EBENLBAOBEREF VDI a3 « VY- LORE (£5) B EHET
BT LHD, 43%51‘@ & LCix, Working Form % Database BB E R IH-> T
WBH, FRRELIAT vy 7L LTIGES ® SET B L AR, Y —7 >y w75
AV EDXFF & LT DRBAFRK 03 Physical File(Part 21) THE S ATV 3, Physi-
cal File DIELAREE b, WSN (Wirth Syntax Notation) iz & 2225 & LT
%, IPIM ETEER S Wi S8R E#RE 7 1 (EXPRESS F¥) 4% Physical File F
Tix &5 X632 2 ORHEHI % mapping rule & S, mapping rule % Part 21 Fiz
FEESNT»3,

BAEWRU 72 S OSSO ER £ LTI, BUR Tt EXPRESS 0 S S HESE 15
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& U Conformance Testing Methodology and Framework (Part 31) 3% %, HiE
KOWTRPREFRDECHTRT 2, BHEOVTRZONBREESML 5hoo
HHDT, I TR, ,

4 IRERD Application Protocols, IPIM # X U* Implementation Methods % X
F-—~OBEHELTRID L, S5 RTIBEFLVEE LGNS,

IPIM 3SR R * —~ DAIER T TH 3, IPIM Liz#iabs s i S EreEs
(topic) Z:DiEHREF V%, STEP ¢ TIM (Topical Information Model) *
&, BE205H0 TIM 3R ShTw3, Z0RENZLORUTOED Th 2.

Geometric Shape Models TIM
Geometry TIM
Topology TIM
Presentation TIM
Draughting TIM
Tolerances TIM
Finite Element Analysis TIM
Kinematics TIM
Form Features TIM
Materials TIM
Product Structure Configuration TIM
TIM BHEDZRIMFENS, L LTV —T 2R TFARYY v R 27013

(472 %—=) AP2 |:2D draughting AP

\‘ I AP1 |: facetted b-rep AP

. geometry TIM

"'. :' ;" ] T, : geometric shape
T4 m e _: models TIM
)

(R ¥ —-)
. topology TIM

. draughting TIM

IPIM (#&HAET L)

l mapping from logical to physical (51{%)

(WER % —-) Physical File
(HWE77410)

5 IPIM, TIM, AP, Physical File OB{%
Fig.5 Relation of IPIM, TIM, AP and Physical File
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Geometric Shape Models TIM 12 Z DEAEMEER S LTV 3 28, SAERDAHES
Z2ZMT 572012 Geometry TIM B & Uf Topology TIM 22 L T3, TIM 0=
#EFHES EXPRESS THi—&h T3, SC4/WG 3 FD% project i3, &4 DAEFD
TIM BARBMEETH 5.

project A TEAMBNCTZR L 1z & &%z & iz TIM i, IPIM A0 & (integration)
BlEn D EBKCIR, WG4 BEEE0ENTH )., ZOMSOFIEEZK 612
Y HOERICRENT WS D IPIM 128 £ h 3 resource model DS DFEIET
H%, WG 3 D3 resource model project, WG 4 @ qualification project, resource
integration project T, B RE NI FIETHR LA TOI, BEMIZIZ SC4/
Editing Committee 43 ISO O XX EHHHI L ORER - WA 2 1T> THABKT T 5. =D
& DB T, fd resource model & DEEEDEMH e v, BURHSHYIHZMF =
vZ7 3, TIM ZAELREFL220 7% TIPIM clhiAznd, MOEIIESL
T3 Dk, APHRBICET3HEOFIETH 3.

AP (Application Protocol) ¥, IPIM D% 7R ¥ —< LBt 2 2 L8 TE,
82 OISR (Application context) L\ i34 IPIM % B-Fz B2 3 45%

Development of Integrated STEP Parts

Development of STEP Parts Containing Conceptual Models

Resource Model Application Protocol Parts
L Resource Model Project | bpplication Protocol Project |
| prM | parM
[ Qualification Project 1 L Qualification Project |

1 QRM _i ARM

Application Interpreted Model
Development Project

l Resource Integration Projectl

: — | am
l Resource Model Project —l I Application Protocol Project I
Integrated
L ettt Draft | AP Part

[ Qualification Project ] L Qualification Project I

Integrated
1 Resource Part. 1 AP Part

Editing Project ] | Editing Project |
| PMAG Confirmation I l PMAG Confirmation
40 or 100 Series 200 Series Part
Part for CD for CD Ballot
Ballot
[
X 6 HEDOFE

Fig.6 Process of integration
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HELHCSER AR ws o kick 3,

Physical File iX IPIM O#JEER % —< L B3 2 2 £ 230 % %, IPIM 2 5
Physical File ~® mapping (B4%) BB 11 THEIRETH 228, HER
BHEDIEAITIIERE LV b DHH 5725, Physical File Eof##kia IPIM
DENREEMTIRZY, ZOFR—EERS (72 & 21X WHERE #, DERIVE £i%) i3,
Zf7ay yORTT 0S5 ARNCH S LB BH 3. K71 Physical File (55417

74N OFIERT,

STEP;
HEADER;

ENDSEC;
DATA;

EDNSEC;
ENDSTEP;

.............................. STEP 7 7 4 NDtEE Y

.............................. ~y F—E (85 )
FILE_IDENTIFICATION
('EXAMPLE STEP FILE #1’,
'1991-02-11 T 15:30:00°,
(‘JOHN DOE’, ‘ACME INC., '"METROPOLIS USA’).
(*ACME INC. A SUBSIDIARY OF GIANT INDUSTRIES’,
METROPOLIS USA’),
‘STEP VERSION 1.0, ‘CIM/STEP VERSION 2,
‘SUPER CIM SYSTEM RELEASE 4.0,
‘APPROVED BY JOE BLOGGS’);
FILE_DESCRIPTION ((‘A SMALL SAMPLE STEP MODEL’),
‘BREP_LEVEL 1.0’);
.............................. ~y F—EBDEbH Y
.............................. DATA 50ts % )
#1=PT(0.0, 0.0, 0.0);#2=PT(0.0, 1.0, 0.0); # 3=PT(1.0, 0.0, 0.0);
F11=VX(#1);#12=VX(#2);#13=VX(#3);
#16=ED(# 11, #12); $ 17=ED(# 11, # 13); # 18=ED(# 13, #12);
#21=ED_STRC(#17, 0); #22=ED_STRC(# 18, 0); # 23=ED_STRC(# 16, 1);
#24=ED_LOOP(#21, #22, #23);
VAR
#100=PT(0.0, 0.0, 0.0);# 200=PT(0.0, 1.0, 0.0); #300=PT(1.0, 0.0, 0.0);
#1100=VX(#100); # 1200=VX(# 200); # 1300=VX (# 300);
#1600=ED(# 1100, #1200); # 1700=ED(# 1100, # 1300); # 1800=ED(# 1300, # 1200);
#400=& SCOPE
#2000=ED_STRC(# 1700, 0);
#2100=ED_STRC(# 1800, 0);
#2200=ED_STRC(# 1600, 1);
ENDSCOPE;
ED_LOOP((# 2000, # 2100, # 2200); .
.............................. DATA gﬁm%b ')

.............................. STEP 774 n#kb Y

£l STEP 77 4 i, STEP; T#3% ) ENDSTEP; T#b 5,
2. STEP 77 4 niziz, HEADER & & DATA &45 5,

X7 STEP3#7 71 IDOF)
Fig.7 An example of STEP exchange file
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7. STEP 25T 34RFKHR

STEPOXED> b, BREFHKEET 2 bORSHICh 508, BREFVOE
FEAEEZ L [Part 2] BEETH 5, [Part 42] OBBMIERADIGH (AP:
Application Protocol) & LT, BERARH~DIGH [Part 204] &, BHE~DIGH [Part
205] &33H 3,

BiE, STEPEH 1R (ver.1) OREBRXRI THEABMEEIN TV B, 51K
[Part 204] [Part205] 3&EhiEWnI EicRoTWwWaR®, Tk [Part 42] 128
LTHBARITO 2Lz d 3,

STEP T > REHIX, 3RTEMPECERSNBZY I, =Tz X, 74
Y7V—LADEETNTHY, ZOMIC 2KRTEMIORERLA R LK D
BEND, ZOLOEBERIBLAEIRTOVAT A (ZUEEREF S LIRS
Zriz¥3) i3, STEP OXHEMGHR LK B,

[Part 42] BFPRE T SRORBED 72O OYHEATH D, BHLRELEBCLT
W3, ZIZTW»I B Lk, HEPHEEED S I LRRLET - RERRE
L, EWOIEKRTHS, Thbbd, BAHEOEE2 LT 3007 — 7 #ES,
(HHDOBHEERESIER S BE DD RS VI #iEIR, DLV I IRTROEDLS
Hifran s,

BIRTIEY Y Yy FETNVE TURBONRTH 28, FREICIZE D LWEEO
TS ERIFTANILERD L, ZOLDTRBEEONBEROMBEEEDZ L, &
2IRCET TORRBHCHEL TR 2ERS I LNEETH 3,

40 B O Part i1 “Resource Model” i s, $4hbb, [Part42]id STEP i«
BOWIRERBT 288, HoWACHETNVNEBET S “BFE” tkoTwn3,
FIT2RIT/BRTIROERDOBMA L LT, +REHRER L LREL TR0 E
Kansz, 490 STEP OXEOHRTYH, [Part 42] THY T 3L IIE L DFHHH
MABERONTETEBY, TORELXE L w2 5, BifE, DIS(Draft International
Standard=#HEIHEK) LD D DBEHHETHTH 5,

[Part 42] iI2 BWCHREER I, 554 E #{TX ¥ —~ (geometry schema), 5
E {If§X % — (topology_schema), & 6 F FRE 7 )L R % — < (geometric_shape
_schema) IAEIhTWwW3,

T, BRAF—"IZD2WnTiHh~N3,

7.1 B F*—-

B —=1X, 2WIT/3RITEMPOEL 2FKTHAEH (Entity) OEZ, M

33 TYPE RBIROEHE» S5, BABEFRIROFH THIELIATHS,
TR EEBETIBNOBEREN»SRLZ L,
NI RAMY Y I RERETH TSI L.
ERBCOSHREHAL, BEEETREL L,

[BR/INDBEFFEI L WS EFE»S, MACPHIMRERZRCHAD MY At (TRIMMED
_CURVE) L LTL»RHATER Y, ELBAOK, BHHTEIZEHEB-A 754 v
M (NURBS) ##AL7%. Lo, Bezier %z NURBS B L O 1hs
BThY), HHHRIZOOLTHRBDI LNV S, ZOISCEREZDOTESS
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BLT5E, RERLREBECHENELTL 3,

[ AN w7 REHE] TED, /37 2 THIfR « A EOERIRE 2 —BICIEE
TES, NI RXIEPVBEIET, HROFACLHEORMSERTE S, —H,
5 A MY v 7R THEREZVBERRAFOHR - HEEHRS HRCEE T hiw,

[F&E#EE | &, Supertype/Subtype DELRTHE S5, Subtype ZFflz Lk E
REEERE VL, HOBEFEEZEREL L’{%ﬂﬁ?% 5, ZROBRZESICOVL

COORDINATE. CARTESIAN ]
GEOMETRY SYSTEM COORDINATE_SYSTEM [
‘ AXIS_ AXIS 1_
PLACEMENT PLACEMENT

AXIS 2_
PLACEMENT

VECTOPR

DIRECTION #
VECTOR_WITH.
MAGNITUDE

TRANSFORMATION CARTESIAN_TRANSFORMATION }

CARTESIAN._

POINT POINT #
POINT_

— R
POINT_ON_
SURFACE
POINT_ON_

CURVE
—‘ CONIC = CIRCLE

ELLIPSE

i
ﬂ

!

]

|

HYPERBOLA

—| PARABOLA }

BOUNDED_

CURVE POLYLINE
B_SPLINE_
CURVE

TRIMMED_
CURVE
COMPOSITE._
CURVE

OFFSET_ D2 OFFSET.

CURVE CURVE
D3_OFFSET_
CURVE

I

CURVE.ON.
SURFACE PCURVE
. SURIACE.
CURVE |

INTERSECTION_

CURVE
COMPOSITE_CURVE_
ON_SURFACE

CURVE_
REPLICA
CSUBTYPES OF )
: .
SURFACE | SURFACE |
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Refer to

Geometric
Entities
SURFACE ELEMENTARY. PLANE IL AXIS 2_PLACEMENT

CYLINDRICAL_
SURFACE
CONICAL._
SURFACE
SPHERICAL _
SURFACE
TOROIDAL.
SUKFACE
SWEPT . SURFACE_OF_

SURFACE LINEAR EXTRUSION — CURVE

SURFACE_OF_
REVOLUTION |- AXIS1_PLACEMENT

BOUNDED_ B_SPLINE.

SURFACE SURFACE
RECTANGULAR.
TRIMMED_SURFACE

| CURVE_BOUNDED._ I[———
COMPOSITE_CURVE
SURFACE
_ON_SURFACE

RECTANGULAR.
COMPOSITE_SURFACE

OFFSET.
SURFACE
SURFACE. CARTESIAN .
REPLICA TRANSFORMATION

REFERENCE CLASSIFICATION
* Refer SUPERTYPE SUBTYPE
FROM — TO : EXTERNAL or INTERNAL

# Reference to CARTESIAN_POINT and/or DIRECTION is not displayed.

BATEFIL, geometry &\ ENTITY #%5ic, ME% coordinate_system - it axis_placement » ~<7
} /L vector - MEXE%:{% transformation - 4 point - B curve - BT surface IZ 3 MI& 1, WK% T THE
BIit&hTv b, 29 b point/curve/surface_replica i3, B L 8RR TH 2 BEHF L » T 0/iR/
ME#EH#T 5 ENTITY TH» 3,

® 8 #AERMROE

Fig.8 Structure and relation of geometric entities

THRERED ShTwiz, 20X L TRILT 3 #AERMOMBER2K 8 2R
£ FTKRBIGENTITY B OB -FREMGE %2, KEAIZENTITYEME» 5 b
ENTITY ~DER2E®RT 3.

X 8 TIRZE®D ENTITY 5450 ENTITY i 2icoh T, & DML SAESR
DEHEIZZ D, 72k 213 axis_placement ¥, S L% IEE L TR AEROREZHRD
%5 ENTITY Tdh 3., % ® Supertype i¥ geometry & >3 ENTITY T, Subtype i
axis 1_placement & axis2 placement TH 3, WHE TIHERETH 2HOEL (=1 »
2) ¥Rk o5Tw3, EXPRESS §7Fiz X % axis2_placement @ ENTITY £ %X
9 iZRY.

ellipse i¥, HRER curve @ Subtype @D 2 {Reh## conic @ Subtype TH 3 (K 8). *
@O ENTITY &% 10 iZ7” 7, ellipse iZEEFAAETEZEINLTEY, BRELE
BErv 5B BEDA OO AP HLE L o BB O EHRIE axis2_placement
TEHEN S, ZhiZEAHT elementary surface Mo conic THRIETH Y, &
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ENTITY cartesian_point
SUBTYPE OF (point);
x_coordinate : length_measure;
y_coordinate : length_measure;
z_coordinate : OPTIONAL length_measure;
DERIVE
dim : INTEGER := count_dimensions ({x_coordinate, y_coordinate, z_coordinate]);
END-ENTITY;

ENTITY direction
SUBTYPE OF (vector);

X

y
z

DERIVE location -
dim : INTEGER := count_dimensions ([x, y, z]); "r-dmm".
WHERE z

: REAL;
: REAL;
: REAL;

axis p(3]

pl2]
project
onto planc

WR1  : vector_magnitude (SELF) > 0.0; normal to /' Pl
END_ENTITY: axis™~ "

ENTITY axis2_placement
SUBTYPE OF (axis_placement);
location : cartesian_point; y
axis : OPTIONAL direction;
ref_direction : OPTIONAL direction;
DERIVE
dim : INTEGER := coordinate_space (location);

p

: LIST [2:dim] OF direction := build_axes (dim, axis, ref_direction);

WHERE
WR1  :(NOTEXISTS (axis) OR coordinate_space (axis) = dim) AND

(NOT EXISTS (ref_direction) OR coordinate_space (ref_direction) =dim);

END_ENTITY;

ENTITY BB IXKROIMETEL E 3 | ENTITY 4, Supertype/Subtype DEE, BEOH Y, HH
(DERIVE #i), B¥ R+ 2% (WHERE &), B¥OZRB iz direction.x D X312 “«” 203,
EXPRESS EBRANXE/IXFORINT LW, X714 VE, FRERIAXFET, ENTITY 4, BH,
MRS R/NIXFETHE» NS, “length_measure”iZ R S DB L EWKT 5, “REAL"E DEWICHEE,
“OPTIONAL” 2 ZBEaJRE B 2 B L, cartesian_ point & direction ® 3ZFHDBEH: (2 RH) »¢
OPTIONAL Th 5 DI, 2RIT/IXRILTHED ENTITY L3579 ThH5, “function (argl, arg2,
<) "ORRREETHY, FIBTSELF’ L 2> TWwa DI ENTITY BR 25|18z 3,

axis . placement O Bt ¥, L& D location, OPTIONAL T M ® axis, ref _direction % § D,
DERIVE £iTi3, EETEMORTHIAm(=253)BLY, EWIKART3~2 Myp(l], pl2] (, pl3])
PHB LT3, p[3] & axis io—F L, p[1] i ref _direction DR » 555 h 3, WHERE STz §5
&1 (WR1D LT, axis BFFEEL 2V axis DRI dim & —HT 32 L, ThbbEHELHOR
THESBELTWE I L 2EMFLE LTS, Bl ref _direction i2 DWW T b, REOEKIH AND T
Twnb,

B 9 cartesian_ point * direction ° axis 2_ placement 0) ENTITY &%

Fig.9 Definitions of cartesian _ point, direction and axis 2 _placement

BT - ERRFICEBOHES2 T2 LT3, ZOLEFHETIHEENMEL L

D

55,
11 12 4R O B4R intersection_curve DEZE 27T, BHOIREA LT XTH

OPTIONAL Th Y, LERICU THEMORZET 2 BHRE2{FUMI o5 LS
Kix>TWnwa,
7.2 IBRAF—< ‘

A ¥ —<id, RABERDOLH Y OHEH % RE LBEM T 288 TH D, THR/H

BR/E L o AMARR (ENTITY) &, (HRBERICHHIZE5 2 5B8E» 55, &
I TR S T 7 EROMESAEOMB O “MiE” 2Rk boTREL, B
REJUc BT 2 “Gi” wEARE SN D, HIRFAEEIR DL 3 h, (I
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axis

4 pl3)
r pl2)
ref_direction
2 plll C = position.location
location X = posthon.p[I]
y = position.p[2]
z = position.p{3]
R1 = semi_axis_1
R 2 = semi_axis_2
x y
A (u) = C+(R1cos u)x+(R2sin u)y
ENTITY ellipse 0= u = 360 degrees
SUBTYPE OF (conic);
semi_axis_1 :length_measure; C (x, y, 2=x¥R, %+y*/R ?-1=0
semi_axis_2 :length_measure;
position : axis2_placement;
DERIVE
dim INTEGER := coordinate_space (position);
WHERE

WR1 :semi_axis_1>0.0;
WR2 :semi_axis_2>0.0;
END_ENTITY;

¥5H ellipse DBEMEIZ, FIF - HED semi_axis_1, smi_axis_2 (>0.0) &, EHORERHE
® % position 2§D, Auw) RHEAD/ T XY v 7 REHEESL S,

A 10 ellipse ® ENTITY &%
Fig.10 Definition of ellipse

HF» S BAIBEROBRIZV L O DB E RS 05 MHERMOBE 2 X 12 127K
3.

STEP QA ¥ —~ THEH L DT, HEERD “HHA” 2#KE 5 ENTITY
& LT “~ logical_structure” #3% %, edge %##lic L TS 2 (K 13), edge iZix
ZODIERLBDH D, HF edge_start 5 edge end Z[EIV> T2 %, edge DEATHHRIZ
J& % edge_curve %38 L T, curve_logical structure @ B T b % i ## curve_ele-
ment TREN S, I T Tedge DAME curve DA & 25T 251X, curve_log-
ical structure DB TH 2 7 —N{Eflag # FALSER L T#HTH 2 Z & ¥BRT
3, Zhi[ARkiz, mNV—7 loop it edge logical structure %@L T edge #2R$
3, Zhid loop EE DM & & edge DA & L 23D E, edge logical structure D&
T flag DfE% FALSE i L THEDES 2 L 57:HTH 3.

connected_face_set X L -EHDOEATH Y, closed shell % open shell &l T
WEBEBEDHBT - LEIR & DU, shell 24T 2 loop %0, loop 2T 3
edge ZDWT, A4 7 —HEWl T 2 & &2, BABROHTAO—BEDOHKINH 3.
s DHIFIE, & ENTITY © WHERE i & /iE 1 % B # constraints_topol-
ogy/geometry ~ 0 TEHL T3,

7.3 BREFNRF—7

BRETFNVAF—<iE, 2T/ IRFTEMFPOV L Z L D OBRER I BlAT

53, BREFNVOEAER L LTEEETFNVOES LERBEK O, EENR
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ENTITY pcurve
SUBTYPE OF (curve_on_surface);
basis_surface : surface;
basis_curve :curve;
DERIVE
dim :INTEGER := coordinate_space (basis_surface);
WHERE
WRI1 :coordinate_space (basis_curve) =2;

ENTITY intersection_curve
SUBTYPE OF (curve_on_surface);

pecurve_sl : OPTIONAL pcurve;

surface_s1 : OPTIONAL surface;

pcurve_s2 : OPTIONAL pcurve;

surface_s2 : OPTIONAL surface;

basis_curve s curve;

master_representation  : OPTIONAL intersection_representation;

self_intersect : OPTIONAL BOOLEAN;
DERIVE

dim : INTEGER := coordinate_space (basis_curve) ;
WHERE

WR1 :coordinate_space (basis_curve) =3;

WR2 :EXISTS (pcurve_s1) OR EXISTS (surface_s1);

WR3 :EXISTS (pcurve_s2) OR EXISTS (surface_s2);

WR4 : direction_fun (pcurve_s1) :=: direction_fun (basis_curve);

(* this proposition uses functions not completely coded in EXPRESS *)

WR5 : direction_fun (pcurve_s2) :=: direction_fun (basis_curve);

(* this proposition uses functions not completely coded in EXPRESS *)

WR6 : domain (pcurve_s1) = domain (basis_curve);

(* this proposition uses functions not completely coded in EXPRESS *)

WR7 :domain (pcurve_s2) = domain (basis_curve);

(* this proposition uses functions not completely coded in EXPRESS *)

WRS : pcurve_s1.basis_surface :=: surface_sl;
WRY : pcurve_s2.basis_surface :=: surface_s2;

WR10 : EXISTS (pcurve_s1) OR (master_representation <> pecurve_sl);
WRI11 : EXISTS (pcurve_s2) OR (master_representation <> pcurve_s2);

END_ENTITY;

peurve i, BIE b #i#R curve _on _suface @ Subtype T® D, Hilf basis_surface &, i
basis_ curve (XI7tH=2) OBHEEFED. basis_curve ZH#ED (u, v) /$F A F THRELI 2K
FOMBTH 2, HED/2T 27 t ettt % peurve DA ERD BT, t i T basis _curve
FoE u,v) ZHEL, u, vIZDWT basis_surface LOEOERE (x,y, z) 25HHT 3.

LD B intersection — curve 1, 3 RITZERIF DHIER basis_ curve, 5 WIXHIEH ETEH S
NI B8 peurve_ sl, peurve_s2 TRIRA NS, basis_ curve 2217 1Z OPTIONAL TZ W5, g
WD BIBE, YhaiEi 2RBTH 55 % master _representation THHET 5.

WHERE £® WR 4~WR 7 Ti3, HROBHCHERD &% 2 FRO—BUT DL TORKERL
TWwBY, “(k-%)"DaA AV Mz kB, YAZBKTYH EXPRESS ERTRERIEARTE 2D
TR b5, '

[ 11 peurve & intersection _curve ¢ ENTITY E#

Fig.11 Definition of pcurve and intersection — curve
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Refer to
Geometric
TOPOLOGY Entities
SHELL_LOGICAL
STRUCTURE
VERTEX_ |
_lzﬂELL SHRLL |
- CLOSED_
SHELL
H R |
. )
- ¢ FACE OR.
|: [T SUBFACE |
I SUBFACE =
frosmsshececn
FACE_LOGICAL |_ ! FACE OR. } SURFACE_LOGICAL.
STRUCTURE _ |*% LOGICAL } STRUCTURE J‘_’ SURFACE
R
T SCRFACE.OR. T}
| Face ' SCREACE-OR- - SURFACE
' "LOOPOR.
1 LOGICAL
VERTEX.
LOOP
CARTESIAN
_POINT
EDGE.LOGICAL_ CURVE_LOGICAL_
rSTRUCTURE l STRUCTURE J“" CURVE
SRR P R
EDGE s CURVE-OR. 1~ CURVE
VERTEX — POINT

fAIERIL, topology &\»9 ENTITY %&£z, : = /L shell - BE3kiE 4 connected_face_set « @H—#k
4% subface * @ (%) face - @i/ —7 loop - /<R (##Rd% Y) ) path - BEEERES connected_edge_set -
i edge « TL4 vertex 12 & N, WELIN T3, BAIXX—o BRI, & - &K - Do logical
structure) FNHEITRHNL T D,

[ 12 (HEERROEE

Fig.12 Structure and relation of topological entities
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TYPE curve_or_logical = SELECT (curve, curve_logical_structure);
END_TYPE;

ENTITY curve_logical_structure;
curve_element : curve;

flag : BOOLEAN;
END_ENTITY;
TYPE edge_or_logical = SELECT (edge, edge_logical_structure);
END_TYPE;
ENTITY edge_logical_structure; edge_curve
edge_clement :edge; -
flag : BOOLEAN; /— edge_end
END_ENTITY; /
ENTITY edge
SUBTYPE OF (topology); \_
edge_start : vertex; edge_start
edge_end : vertex;
edge_curve  : OPTIONAL curve_or_logical;
WHERE

WR1 :dimensionality (SELF) =1;
(* this proposition uses functions not completely coded in EXPRESS *)
WR2 :qualitative_extent (SELF) = finite_non_zero;
(* Extent is finite and nonzero *)
(* this proposition uses functions not completely coded in EXPRESS *)
WR3 :NOT self_intersect (SELF);
(* this proposition uses functions not completely coded in EXPRESS *)
WR4  :arcwise_connected (SELF);
(* this proposition uses functions not completely coded in EXPRESS *)
WRS  :empty_set (geometric_intersection (edge_start, domain (SELF)));
(* this proposition uses functions not completely coded in EXPRESS *)
WR6  :empty_set (geometric_intersection (edge_end, domain (SELF)));
(* An edge domain does not include its boundaries ¥)
(* this proposition uses functions not completely coded in EXPRESS *)
WR?7 :constraints_geometry_edge (SELF);
(* this proposition uses functions not completely coded in EXPRESS *)
END_ENTITY;

Bffedge DI Z 1, B curve LM EAIEE S H 5, edge 2 curve ¥ EEBBEE Tz
curve_logical _structure 2B L T30, B flag DERIGCTHAS 2 BE S ¢ 37
DTH3,

X 13 curve _logical _structure « edge _logical _structure * edge ® ENTITY £

Fig.13 Definitions of curve _logical _structure, edge _logical _structure and edge

EERRIBAAF -2 LA F -2 > T3, BREFLVORRERL O %
14 2R T,

FLOVY Yy FETF I TRASHTWRERER (Brep) TFVIE, M15 05T
ENTITY manifold solid brep ## & L TEEa 3, it FEEHNAMEA F—~
@ closed _shell 2L T\>2 %3, closed shell iZ i3 E R BRO M T ORHEIIG» %
By stliaidev, 220, (HAEROBEHRSBICRE SN TE S, Winged

_Edge #& % Half Edge #1237 — ¥ THROBERET 2 Z Lick 3, Zh & OBE

BRI, TFSRLVROBREEZLnEL, 2R ThERSTERBEHRTH 57
01z, STEP X RMT 20 RICIw ootz b Ex 605,
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_SHAPE._
MODEL

[ WIREFRAME._
MODEL

1

SHELL_BASED
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1
WIREFRAME_MODELJ

EDGE_BASED

‘WIREFRAME_MODEL

SURFACE.
MODEL

SHELL_BASED _ |

SURFACE_MODEL |

SOLID_ MANIFOLD_
MODEL SOLID-BREP

FACE_BASED

S|
SURFACE_-MODEL

FACETTED_
BREP

CcsG
PRIMITIVE

PRIMITIVE.
WITH.AXIS

]

SPHERE

RIGHT_ANG-
ULAR_WEDGE

PRIMITIVE.
WITH._ONE._
AXIS

- RIGHT _CIR~
CULAR_CONE

RIGHT_CIRCU-
LAR_CYLINDER

TORUS

SWEPT_AREA
-SOLID

SOLID-OF..
REVOLUTION

=

SOLID.OF I
LINEAR.EXTRUSION l

CsG_
SOLID

BOOLEAN_
EXPRESSION

DIFFERENCE

UNION '——j

INTERSECTION

HALF_SPACE

le
| SOLID -
REPLICA |—

GEOMETRIC_ GEOMETRIC. |
SET ZD_SET i

GEOMETRIC_
3D_CURVE.SET
GEOMETRIC_

3 D.SURFACE.SET

GEOMETRIC_
SET_REPLICA

(805) 239
Refer to
Topological Geometric
Entities Entities
SHELL
CONNECTED.
EDGE_SET
_ SHELL_OR_
LOGICAL
CONNECTED.
FACE_SET
AXIS2_
PLACEMENT
POINT
AXIS1.
PLACEMENT
FACE
DIRECTION
ge=meT=e " ""3
! BOOLEAN .
I OPERAND |
[l
SURFACE
CARTESIAN
TRANSFORM-
ATION
POINT
CURVE
SURFACE
CARTESIAN
TRANSFORM:-
ATION

FoAR €7 N3 HIL, geometric_shape_model &v»5 ENTITY % %FHUZ 74 * 7L —2EF)L wireframe_model -
#—7 x AEF ) surface_model + V¥ 1) v F €7/ solid_model - #4737 #4 geometric_set I2F¥ S 1, B
fLENTWDE, 74X 7V —L/H—722/VY) v FOBEFT NI, (IR %X —=7 shell $7213 connected_~

_set B T3,

YY)y FETNMIZZoMIS, CSG - #5130k « R ZEMn {#EBLE &A T35, geometric

_set FMBERLZITOESTH N MMZRLZL V. HELEIN TV LW KL XULOBRETF S ENF— 7Tk
ST 22D AZTEINTVWS,

B 14 ERETFTINOBFERHOBE

Fig. 14 Structure and relation of shape representation entities
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ENTITY manifold_solid_brep
SUBTYPE OF (solid_model);
outer : shell_or_logical
voids :SET [0:7] OF shell_or_logical;
WHERE
WR1 :dimensionality (SELF) =3;
(* this proposition uses functions not completely coded in EXPRESS *)
WR2 :qualitative_extent (SELF) = finite_non_zero;
WR3 :closed (SELF) ;
(* this proposition uses functions not completely coded in EXPRESS *)
WR4  :manifold (SELF);
(* this proposition uses functions not completely coded in EXPRESS *)
WRS  : constraints_topology_brep (SELF);
(* this proposition uses functions not completely coded in EXPRESS *)
WR6  : constraints_geometry_brep (SELF);
WRT7 :existence_geometry_in_brep (SELF);
(* this proposition uses functions not completely coded in EXPRESS *)
END_ENTITY;

manifold _solid _brep id—2 LA LD shell %55, B b4MID outer & 22D voids
ZRA L Twv 3, WHERE #i T i3 B # constraints _~_brep ( ) %3 L T, outer &
voids DX HEELELICTFH LRV I &%, shell ii T T closed— shell TH 2 &
&, FotrREBshTns,
[ 15 manifold _solid _brep ¢ ENTITY 8%
Fig.15 Definition of manifold _ solid _ brep
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