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What is STEP?

What does it do?



The Navy and Shipbuilders
Are Using Product Model Data Technology

Product Model Data = 3-D CAD + object definitions + other documentation




Information Technology ages quickly...

NAVSEA
Avondale
Bath Iron Works

Electric Boat
Ingalls
NASSCO
Newport News

1967 1989+

CADDS 4x ISDP
CADAM (2-D) ISDP
CADDS 4x CADDS 5
CADDS 4 Catia 4Mech
Calma Dimension 3
CADAM (2-D) Tribon

Vivid Vivid

... but ships last along time!

2006

LEAPS
ISDP

Catia 5
award pends
Catia 5
Tribon

Catia 4AEC




NIDDESC
Navy / Industry Digital Data Exchange Standards Committee

NAVSEA / U.S. Shipbuilding Industry cooperative program
to improve data exchange (1986-1993).

Started from Seawolf (NNS/EB) and DDG51 (Ingalls/Bath) Data Exchange efforts.

Developed IGES 3D Piping Application Protocol (Mil-D-28000 Class V)
and initial U.S. STEP Shipbuilding Application Protocols for:

 Structure

* Piping

« HVAC

o Electrical cabling & wireways
« Qutfitting & Furnishings

NIDDESC STEP Application Protocols issued as NSRP “Standards” in 1995.



TEP Technologg
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Interoperability

Supply Chain Integration
Web-based Collaboration
Life Cycle Management
Long Term Data Retention

Systems Engineering

...a computer interpretable definition of the

What iS STEP? physical and functional characteristics of a

product throughout its life cycle

concept support

design deliver

fabricate
assemble

...an international standard (ISO 10303)
for exchanging data between different
systems (CAD, CAM, CAE and PDM)



STEP Enables Complete and STEP Enables Consistent and
Accurate Data Exchange and Use Timely Data Sharing by Participants
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ISO 10303 - STEP
“Standard for the Exchange of Product Model Data”

» Standardized neutral format for exchanging Product Model data between dissimilar
CAD/CAM, Materials management, and PDM systems.

* Developed in computer-processible information modeling language (EXPRESS).
* Broad international involvement across all major industrial sectors including
Aerospace, Automotive, Shipbuilding, Process Plant, Offshore,

and Building Construction.

* Implemented through CAD system translators to international industry-consensus
STEP “Application Protocols™.

* Provides mechanisms for file transfer or for distributed data sharing.

* Related Part Library Standard (1SO 10384) for exchange of vendor and
project part catalogs.
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Ship Product Model Data

Ship Structural
Envelope

Distribution
Systems

Equipment /
Subsystems

Life Cycle
Maintenance

Miscellaneous

Cable Trays
ISO AP 227:2005

Mechanical Systems
I ISO AP 227:2005

|_| Product Life Cycle

Support
ISO AP 239

Manufacturing

Support
ISO APs 224, 238, 240

Logistics / Spares
[ ISO AP 232:2002

Standard Informati
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200 Series
Parts

500 Series
Parts

40 & 100 Series
Parts

STEP Architecture Overview

Generic

Resource
(i.e. geometry)




AP Development / Implementation Timeline

NIDDESC / US NSRP / US NSRP / US
1986 - 1993 1994 - 1997 2000 - 2007
MariSTEP / U

1996 - 1999

MARITIME / EU EMSA (European Marine STEP Association)
1992 - 1995 1995-2001

ShipSTEP / EU SEASPRITE/ E

1994 - 1996 1996 - 1999

NEUTRABAS / EU ITiS / Germany
1989 - 1992 1992 - 1995
IT in Ship ©
1994 - 1€

CIMS / Japan GPME / Japan
1991 - 1994 1995 - 1996



EXPRESS
ARM

SCHEMA structural_part_manufacturing_definitions_model;

TYPE Manufacturing_process = SELECT (Hole_production_process, Part_production_process);

(* a reference by a structural part manufacturing definition to either a hole production  process or part production
process to be used in the fabrication of a structural part.

*

END_TYPE;

TYPE Hole_production_process = ENUMERATION OF (burn, drill, punch, other);

(* an indicator used to denote the method by which the structural opening, as represented by the associated inner contour, is to
be produced in the part during manufacturing. Several commonly used processes supported are burning, drilling, and punching. All
others are generically supported. This indicator may be used by production engineers to develop shop routings for the structural parts.

*

END_TYPE;

ENTITY Structural_part_manufacturing_definition
SUPERTYPE OF (ONEOF(Non_numerically_controlled_structural_part_manufacturing_definition,
Numerically_controlled_structural_part_manufacturing_definition))
SUBTYPE OF (Manufacturing_definition);

(* a production lifecycle stage view of a structural part that represents characteristics and attributes directly related to the
manufacturing of the part. An earlier detailed design part stage view may or may not exist for the part. At this stage, structural part
features are identified that affect aspects of the part that have to do with processes that will be used to cut and form the part. Some
examples of the kinds of features identified during this stage are edge grinds, layout marks, and part stock. Information relating
the structural part to the raw material stock it will be manufactured from is also added during this stage. A 2D flat pattern
representation may be defined for the part, enabling it to be nested and cut from flat raw material stock.

*°

for_structural_part_design_definition : SET OF Structural_part_design_definition;
(* a reference to a specific version of the detailed design definition of the structural part that is to be manufactured.
*
with_manufacturing_processes : OPTIONAL SET [1:?] OF Manufacturing_process;
(* an indication of the manufacturing processes that will be used in the manufacturing of the part.
*°
manufactured from_raw_material_stock_occurrence : OPTIONAL Raw_material_stock_occurrence;
(* the purchased plate or rolled shape stock from which the finished part is to be cut.
*
having_part_stock_feature : OPTIONAL SET [1:?] OF Part_stock_feature;

(* a part edge feature that extends the detailed design geometry of an edge to account for the need to add material to allow
for variance in fitup clearances. All or part of the additional material is manually removed at the time of assembly to achieve an
acceptable fit.

*

having_edge_grind_feature : OPTIONAL SET [1:?] OF Edge_grind_feature;
(* a part edge feature that specifies the angle or angles to which the part edge is to be burned or ground to assure correct
part fitup or to fulfill the requirements of the welding specification for the particular edge.
*

having_flat_pattern_shape_representation : OPTIONAL Flat_pattern_shape_representation;
(* a 2D shape representation generated for a structural part. In the case of a curved, knuckled, or twisted structural part,
this flat pattern is the developed shape to allow fabrication of the part from  flat plate or shape raw material stock.

*)
having_layout_mark_feature : OPTIONAL SET [1:?] OF Layout_mark_feature;
(* a reference to marking features that will be manually or automatically applied to the part during manufacturing to
provide part identification or indications of reference locations or attachments to other structural parts.
*)
containing_inner_contour : OPTIONAL SET [1:?] OF Edge_curve;
(* a reference to a structural opening that is to be burned from or drilled into the part face.
*
associated_production_template : OPTIONAL SET [1:?] OF Production_template;
(* identification of a manufacturing template that is to be used to aid in production of the part.
)
WHERE

WR1: (EXISTS(with_hole_production_process) AND EXISTS(containing_inner_contour)) XOR (NOT
EXISTS(with_hole_production_process) AND NOT EXISTS(containing_inner_contour));
END_ENTITY;



## PLATE_DESIGN_DEFINITION

extended_product_definition_shape

218

{[CLASS<extended_product_definition_shape
'plate design definition’,

‘structural part design definition'>]
[CLASS<extended_product_definition_shape.
'structural part design definition', 'design defin
[CLASS<extended_product_definition_shape,
‘design definition’, 'definition'>]
[CLASS<extended_product_definition_shape,
‘definition’, 'versionable object'>]
[ROOT_CLASS<extended_product_definition
, 'versionable object>]}

# plate_design_definition to plate_boundary
(as border)

#1: border is a bounded_curve
#2: border is a panel_system_boundary

#3: border is a plate_boundary_relationship

M to AIM
apping Table

(L[2:2])

#1: PATH

#2: PATH

#3: PATH

#1: extended_product_definition_shape <=
product_definition_shape <-
shape_aspect.of_shape

shape_aspect
{[ROOT_CLASS<shape_aspect, 'border'>]
[shape_aspect =

represented_definition <-

PDR<'border representation'> ->
representation

representation.itemsyi] ->
GEO_REP_ITEM<"UNUSED.', bounded_cun

#2: extended_ product_definition_shape <=
product_definition_shape <-
shape_aspect.of_shape

shape_aspect
{[ROOT_CLASS<shape_aspect, 'border'>]
[shape_aspect <-
shape_aspect_relationship.relating_shape_as
shape_aspect_relationship
shape_aspect_relationship.related_shape_as
shape_aspect

{CLASS_ID<shape_aspect, 'border'>}
shape_aspect.of_shape ->
extended_product_definition_shape
{CLASS_ID<extended_product_definition_sh:
'panel system design definition'>}]}

#3: extended_product_definition_shape <=
product_definition_shape <-
shape_aspect.of_shape

shape_aspect
{[ROOT_CLASS<shape_aspect, 'border'>]
[shape_aspect <-
shape_aspect_relationship.relating_shape_as
shape_aspect_relationship
{CLASS_ID<shape_aspect_relationship,
'plate boundary relationship'>}]}




EXPRESS

AlIM

[rz0-10303-21;

HEADER;

/% Generated by software containing 3T-Developer
* fromw STEP Tools, Inc. (www.sSteptools.com)
*/

FILE DESCRIPTICON|
/% description */ ('LEAPSExport Demo Testcasel EngineRoom 20060312 '),
/* implementation level */ '2:1');

FILE NANE(

/* name */ 'LEAPSExport Demo Testcasel EngineRoom z0060312',
/% time stamp %/ 'Z006-03-12T23:22:30-05:00',

/* author */ ('Leaps User'),

J* organization */ ['N3IWCCD Code 2230'),

/* preprocessor_wversion */ '3T-DEVELOPER wviOd',

/* originating system */ 'N3WCCD Leaps 3.3',

/* authorisation */ 'NO0167-04-M-0544');

FILE SCHEMA ('SHIF_ARRANGEMENT SCHEMAL')):
END3EC;

DATA:

#lD=REPRESENTATION_CONTEXT['used for','compartment function parsweters'):
#11=0SHAPE DEFINITICM REPRESENTATION (#93,#350);

#12=PROPERTY_DEFINITICON RELATICNSHIP('coating material',

'rel between coatihg and corrosion_protection',#154,#156];
ﬁ13=REPRESENTATION_RELATIONSHIP('corrosion protection',

'porrosion protection' #1358, #1368) ;2

#14=REPRESENTATICON RELATIOMN3HIF|('coating height',§,#136,#137);
#15=COMPOUND REPRESENTATICMN ITEM('centre of wvolume',LIST REPRESENTATION ITEM((#96,
#7895

#16=PRODUCT DEFINITION RELATIOMSHIP('Compartment 0013',

'compartment boundary', 'compartment boundary', 161, #162)

#17=PRODUCT DEFINITION RELATIONSHIP ('Compartment 0013',

'compartment boundary', 'cowmpartiment boundary', #161,#163) ;
#18=PRODUCT_DEFINITION RELATIONSHIF ('Compartment 0013',

'compartment boundary', 'compartment boundary', #161,#164) ;



Surface, wireframe and offset point representations
Design, Production and Operations lifecycles
General characteristics

Main dimensions

Hull form geometry

Major internal surfaces

Hydrostatics

Intact Stability tables

X
R «
-3

AT

AP216:2003, Ship moulded forms




Loading conditions

Compartments _dhn. €
* types N
* properties

(shape,

coatings,

adjacency,

access....)

Zone Boundaries
Controlling Access
Design Authority
Cargo Stowage
Machinery Compartments
Crew Occupancy
Common Purpose Spaces

Cargoes

= D . sassignment to compartments
Stability General Subdivision of a Ship wweight,

*intact into Spatially Bounded Regions «centre of gravity
*damaged

AP 215:2004 Ship arrangement




Production Design Data

Configuration
Management

+ Class Approval

+ Approval Relationship
+ Change Administration
* Promotion Status

Weight Description

Structural Parts
*Feature

Plate

Edge Content
Opening
Profile

Profile Endcut

L L] - L]

Technical Description

General Characteristics

Production Engineering Data

Product Structure

+ Generic Product Structure
+ System

+ Space

+ Connectivity

+ Assembly

Hull Cross Section

Geometric Representations
+ Wireframe

+ Complex Wireframe

« Surfaces

+ Solids

AP218:2004, Ship structures




Connectivity Pi%esﬁlqw Analysis
-assembly and Sizing

+ penetrations Pipe Stress
Analysis

Configuration Management of = N 2 and 3_-D Shape Representation

Product Structure . : .
T *Diagrammatic Presentation
Versioning and Change

Tracking + Solid Model Presentation
Bill of Materials * Interference Analysis

AP227:2005, Plant spatial configuration -
piping systems




Connectivity
sassembly
+ penetrations
* ports

i N

3?0"5{?&%%}?.2{3&"&9°’“°"t of 2-D and 3_-D Shape Representation
Versioning and Change *Diagrammatic Presentation
Tracking + Solid Model Presentation

Bill of Materials * Interference Analysis

AP227 Edition 2:2005, Plant spatial configuration -
adds HVAC systems




Connectivity
sassembly
+ penetrations
* ports

g?o“ér&%gﬂﬂtﬂ?;‘ agement of 2-D and 3_-D Shape Representation
Versioning and Change *Diagrammatic Presentation
Tracking - Solid Model Presentation

Bill of Materials + Interference Analysis

AP227 Edition 2:2005, Plant spatial configuration -
adds mechanical systems




Connectivity BRIDGE DECK

sassembly .
R
+ penetrations i Ocex Ano BAIDoE DecK

+ ports
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E?O“J{?c‘iréﬁ',ﬁ’gtﬂ?;" Rgement ot 2-D and 3_-D Shape Representation
Versioning and Change *Diagrammatic Presentation
Tracking + Solid Model Presentation

Bill of Materials * Interference Analysis

AP227 Edition 2:2005, Plant spatial configuration -
adds cable trays




Information interoperability lifecycle

Roles
Standard
ISO Approved 4
-—————— > 3
&
Information  Prototype Testing
NSRP Model Translators Framework
- >
NAVSEA Correct st'andards Co nt_rgctgal ®
for prototyping results Specification 2.
S . ¢
NAVAL Deployment, integration, testing 5
PROGRAM
Requirements ~ Information .
Phases: definition interoperability Production deployment

specification



Integrated Shipbuilding Environment (ISE) ISE

Multi-year U.S. Project to Implement STEP APs for Shipbuilding

Phase 1- Requirements definition & architecture for shipbuilding systems interoperability
A—A

Phase 2 — Deployment for Structure & Piping
A A

Phase 3 — Deployment for HVAC &
CPC Interfaces

Phase 4 — Deployment for
Arrangements, Steel Processing,
Engineering Analysis, & Electrical

Jan Jan Jan Jan Jan Jan Jan Jan Jan
1999 2000 2001 2002 2003 2004 2005 2006 2007



ISE Project Approach

Develop and demonstrate tools that are low cost
— can be selectively used by shipyards to support interoperability
— capitalize on XML and related Internet technologies

Flexibility is critical

— allow shipyards to transform their data to/from common
information model

Drive development of international shipbuilding product data
standards (e.g. STEP, PLIB)

— Construct a single Shipbuilding Information Model
— Demonstrate and educate U.S. shipbuilding community
— Validate the international product data standards



NSRP ISE Model for Information
Interoperability

Application A Application B
Translator | — — | Translator

Mediator

Translator = Modify Data between CAD System Proprietary Format and STEP
Mediator = Change Data Format between various STEP Representations



ISE Product Model Prototyping

Ship Product Model Data

Ship Structural Distribution Equipment / Life Cycle

) Miscellaneous
Envelope glas Subsystems Maintenance

Product Life Cycle, ( |I

Support
ISO AP 239

Manufacturing Logistics / Spares
Support ISO AP 232:2002

ISO APs 224, 238, 240

N |

Standard
Approved



Publish ISO Technical Corrigenda for
ISO 10303-215, 10303-216 and 10303-227

Purpose

NSRP ISE Prototyping efforts identified editorial and minor technical
corrections needed to the STEP Ship standards.



Publish ISO Technical Corrigenda for
ISO 10303-215, 10303-216 and 10303-227

Tasks

Resolve Ship AP SEDS (STEP Standard Enhancement and Discrepancy
System)

Produce ISO Technical Corrigendum (TC) documents to fix issues

Submit TC documents to ISO for publication



Publish ISO Technical Corrigenda for
ISO 10303-215, 10303-216 and 10303-227

Progress

16 AP216 SEDS have been resolved
Initial Draft of AP216 TC1 completed 1 April

Completed AP216 TC1 submitted to ISO Convener 10 May



Publish ISO Technical Corrigenda for
ISO 10303-215, 10303-216 and 10303-227

Remaining Work

21 AP215 SEDS have been resolved.
Draft of ISO 10303-215 TC1 under development
AP215 TC1 to be complete by 1 July for submission to ISO.

AP227 Ed2 TC1 to be complete by 1 October for submission to ISO.



Publish ISO Technical Corrigenda for
ISO 10303-215, 10303-216 and 10303-227

Questions?
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