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Foreword

ISO (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 ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth CHIERE—S ptended—for-tts—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria Yiepded for the
diffefrent types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documéntmay be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any
patent rights identified during the development of the document will be(in the Introductign and/or on
the IFO list of patent declarations received (see www.iso.org/patents):

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation on the meaning of ISO specific termis and expressions related to| conformity
assegsment, as well as information about ISO’s adherence t0-the WTO principles in the Technjcal Barriers
to Trpde (TBT), see the following URL: Foreword — Supplementary information.

The [committee responsible for this documenttis ISO/TC 10, Technical product do¢umentation,
Subcpmmittee SC 6, Mechanical engineering docuientation.
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INTERNATIONAL STANDARD ISO 17599:2015(E)

Technical product documentation (TPD) — General
requirements of digital mock-up for mechanical products

1 Scope

This International Standard specifies the requirements for the classification, composition, modelling,
revigw, appiication, amd amagenTernt of digitat Tmock-up-

This|International Standard for mechanical products is applicable to the building, managenpent, review,
and gpplication of digital mock-up.

2 Normative references

The following documents, in whole or in part, are normatively referen¢ed in this docunient and are
indigpensable for its application. For dated references, only the edition cited applies. For undated
referjences, the latest edition of the referenced document (including'‘ahy amendments) applies.

[SO 10007:2003, Quality management systems — Guidelines for tonfiguration management
ISO 11442, Technical product documentation — Documentimanagement

ISO 16792:2006, Technical product documentation —.Bigital product definition data practice§

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1
digital mock-up (DMU)
digitpl specification given to a complete mechanical product or sub-system with an independent function,
not dnly of the geometric prgperties, but also of its function and/or performance in a partidular field

Note |l to entry: The digital;mock-up of the product is built at a design stage and is applicable to the whole life
cycle|of the product, including design, manufacture, marketing, and aftermarket. The digital mock-up could
realize interference <heck, motion analysis, simulation of performance and manufacturing, techrfical training,
advertising, mainténance planning, etc.

3.2
completedigital mock-up
digitpl.specification given to all the information of a complete mechanical product or its sygtems

Note 1 to entry: The complete description pertains to mechanical components, system devices, function
components, accessories, etc.

3.3

sub-system digital mock-up

digital specification of all the information of sub-systems based on the different functional divisions of
mechanical products

EXAMPLE DMU of power, transmission, and control systems

3.4
scheme digital mock-up
part of the complete DMU, which includes the digital specification of product plan design

© IS0 2015 - All rights reserved 1
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detailed digital mock-up

partofthe c

3.6

omplete DMU, which includes the digital specification of elaborate product design

manufacturing digital mock-up
part of the complete DMU, which includes the digital specification of product machining and assembling

3.7

geometry digital mock-up
subset of the complete DMU, providing digital information specification, geometrically emphasized,

NLL

extracted f

3.8

function di
subset of th
extracted fT]

3.9

performan
subset of t}
extracted fT]

3.10

special-pur
description
purposes, sy

3.11
retrofit digj
DMU of a ne

3.12

simplificat]
method whi
assembling

Note 1 to ent]
loading effici
bring about i

3.13
lightweight
method to e

Note 1 to ent
simulation, a

£ o211 1 J.1D
111 Ulll\,lall_y ICICAoSCU UIVIU

pital mock-up
e complete DMU, providing a digital information specification, functionally_emphas
om officially released DMU

re digital mock-up
le complete DMU, providing a digital information specificatién, based on perform
om officially released DMU

pose digital mock-up
extracted or simplified from a complete product medel of a digital mock-up for sp
ich as simulation, technical training, and marketing

ital mock-up
w product, built on the basis of an existing one

on
ch allows some features built*without modelling or some parts (or components) wif
Huring the modelling process

ry: Through simplification,.the geometric detailed representation can be simplified and the 1

ency can be improved provided that the simplification does not incur ambiguous understand
hconvenience to thewrse of a model.

ktract patches from the product geometry model

['y: It réeduces resource expenditure in model loading, and it is suitable for large assembly, assg
{vestising, technical training, etc.

ized,

ance,

ecial

hout

nodel
ng or

mbly

3.14
annotation

dimension(s), tolerance(s), note(s), text, or symbol(s) visible withoutany manual or external manipulation

[SOURCE: IS

3.15
configurati

0 16792:2006, 3.1]

on

interrelated functionaland physical characteristics ofaproductdefinedin productconfigurationinformation

[SOURCE: IS

010007:2003, 3.3]
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3.16
product configuration information
requirements for product design, realization, verification, operation, and support

[SOURCE: ISO 10007:2003, 3.9]

3.17
configuration management
coordinated activities to direct and control configuration

[SOURCE: ISO 10007:2003, 3.6]

4 Abbreviations

BOM bill of materials

CAD computer-aided design

CAE computer-aided engineering
CAM computer-aided manufacturing
CAPP  computer-aided process planning
DMU| digital mock-up

EBOM engineering bill of materials
FMEA failure mode and effects analysis
MBOM

manufacturing bill of materials

PBOM  process bill of materials

PDM product data management
QC quality control
TED theoretically exact dimension

5 (lassificatiow of digital mock-up

5.1 | Development stage

Accofding to the development or life cycle stage, digital mock-up is generally divided into sc

heme digital

moclk up’ dntallnd dlgltal mnrk up’ manufacturing digital mack up’ ete.

............... s it = bl £

5.2 Purposes

Digital mock-up canbeestablished accordingtovariousspecial purposes,suchassimulation, manufacture,
technical training, marketing, and advertising. This classification is done in line with purposes.

5.3 Data format

Digital mock-up can be classified according to the software type or data format.

© ISO 2015 - All rights reserved
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6 Composition of digital mock-up

6.1 Geometric information

The geometric information of DMU includes point, line, surface, body, and other relevant geometric

information

6.2 Constraint information

The constraint information of DMU includes the constraints between parts or components and between

the internal

6.3 Engir

The engineg
criteria, lifef]

7 Requi

7.1 Gene

Digital mocl

physical prd
a) reflect
physica
b) provide
complet
c) trulyre
d) be deriy
7.2 Relat

For relation

ionship between all kinds of digital mock-up

chips between all Kinds of digital mock-up, see Figure 1.

ALV AR

and /o ataranal wafaran o 1 fosn ot oo
(All\.l/ Ul CALCTIIAdI TUICI IO TTITITVUT ITITALIvIrl

OTD1vTo

jeering attributes
ring attributes of DMU include BOM, material properties, boundary conditipfis,Toads, {3

ime performance, rigidity, strength, reliability, maintainability, safety, and’other informs

rements of a digital mock-up model

ral principles

k-up is the digital specification produced on a computer of a physical prototype, whil
totype is the materialized object of digital mock-up.¢Fhe digital mock-up model shall

the geometric attributes, functional characteristics, and performance properties o
prototype,

information representation required in the whole life cycle of a product with stabilit}
eness,

flect the content of product characteristics where its forms may be various, and

ative, which can generate corresponding models depending on the different purposes

digital mod

k-up meta model digital mock-up derivative model

ilure
ition.

e the

f the

y and

Figure 1 — Relationship between all types of digital mock-up
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7.3 Requirements of complete digital mock-up

A complete digital mock-up shall be formed after the general assembly of each sub-system with each
function modular included. It is a collective body involving information of a complete product in each
field. It is also a system description of a product object in the computer. The complete DMU shall include,
but not be limited to,

a) information which shall completely reflect product structure, layout, and position of each sub-
system on the digital mock-up,

b) information which shall reflect the compatibility and maintainability on structure and system

hatiaraan-a caomnlata nraduct and ite cuh cuctam
e e e O P c e proratra it ooty ottt

)

c) it‘lformation which shall reflect the working principles and the performance charactetfistics of one
r each field concerned, and

d) ¢omplete information necessary for manufacturing, when the digital mog¢k=up is trahsformed to
physical prototype.
7.4 | Requirements of sub-system digital mock-up

The gub-system digital mock-up is a description of the sub-systenrwith a given function. It ghall include,
but jot be limited to,

a) information which shall completely show the distribution and location of geometry, structure,
4dnd components,

b) information which shall reflect the working principles and performance charactgristics in a
¢ertain field, and

) Eﬁormation which shall contain complete’manufacturing information to transform|sub-system
igital mock-up into a physical prototype:
7.5 | Requirements of scheme digital mock-up

The 4cheme digital mock-up is fermed at the scheme design stage. The definition and result of the scheme
digitpl mock-up shall include;but not be limited to,

a) describing primary-overall indicators of products and defining the primary produdt structural
¢omposition,

b) describing thelproduct outline and carrying out industrial design evaluation,

c) ¢stablishment of basic parameters for each sub-system and enveloping space,

d) initial'selection of standardized, purchased, finished parts, and equipment,
¢ | /J . i 1 ] N tets—amd

f) carrying out overall layout design and scheme digital mock-up.

7.6 Requirements of detailed digital mock-up

Detailed digital mock-up is formed at the detailed design stage. The definition and result of the detailed
digital mock-up shall include, but not be limited to,

a) carrying out the overall design of system and mechanism, primary simulation and optimization of
system through CAE calculation, and getting a detailed design scheme,

b) carrying out calculations of detailed mass, performance, and load of the product and generally
evaluating system reliability, maintainability, etc.,

© IS0 2015 - All rights reserved 5
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c) carryingoutthe detailed assembly hierarchy division, space split, connection method, and interface
definition of each sub-system and component model, and the calculation of envelope space of
moving parts,

d) carrying out detailed product analysis,

e) verifying the parameters of overall design, including product function and performance, and
modifying and optimizing partially if necessary, and

f) producing the assembly diagrams and engineering drawings of components and parts.

7.7 Requjremrentsofmanufacturingdigitalmockrup———————

Manufacturfng digital mock-up is formed at the technological design stage. The definition andyresplt of

the manufadturing digital mock-up shall include, but not be limited to,

a) design of tools, clamps, and gauges,

b) simulatjon of the technological process of the product, including virtual-machining, assembly,
workshpp (factory), etc., and

c) technolpgical documents generation.

7.8 Requjirements of geometry digital mock-up

The geometly digital mock-up of mechanical products shall include, but not be limited to,

a) informdtion which can reflect each sub-system positiontin the digital mock-up,

b) informdtion which can find the shape, dimension information, and geometric constraints of parts
and compponents, and

c) producfcoordination, assembly, and fittingselations.

7.9 Requirements of function digital mock-up

Function digital mock-up of mechanical products shall include the following information, but npt be

limited to,

a) productworking principles;

b) product hierarchicaltree,

c) composjtion of pants and components, their state, and manual instructions,

d) coordinptiye Harmony in the mechanical and function between sub-systems, and

e) informatich-efpreductoperationandmaintenance:

7.10 Requirements of performance digital mock-up

Performance digital mock-up of mechanical products shall include the following information, but not
be limited to,

a)
b)
c) sub-sys
d) the safe
6

performance indicators of product,

working characteristics of input and output,

tem indicators and performance coupling relations between sub-systems,

ty factor and the stress and strain for the critical and important parts, and

© ISO 2015 - All rights reserved
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e) lifetime performance and its reliability indicator.

7.11 Requirements of special-purpose digital mock-up

Special-purpose DMU shall be derived from the complete DMU and is subordinate to the complete DMU.
It shall meet the following requirements:

a) When any change happens to the complete DMU, the derivative special-purpose digital mock-up
shall also change correspondingly.

b) Any model information lost as a result of the derivation process from the complete DMU model shall
gotaffectthieuse of the special-purpose Div:

7.12 Requirements of retrofit digital mock-up
Retrofit digital mock-up shall meet the following requirements:
a) When retrofitting a new product, its complete digital mock-up shall be established.

b) As to partial modification, if the original product does not own+«the DMU model, the|sub-system
dligital mock-up for the modified part shall be established.

8 Requirements of DMU building
8.1 | General requirements

8.1.1 General principles

a) The digital mock-up shall provide the digital specification of the product, covering eyery stage of
the life cycle of the mechanical produgt, while the information included by the digital mock-up shall
improve gradually as the developmeént process goes on.

b) Before the building of the DMU, full consideration of the modular design shall bg taken into
ccount, so as to facilitate thereuse, upgrade, and maintenance of the digital mock-up and ease the
isassembly, recycling, and-disposal when the product is scrapped.

c¢) DMU simplification-and/or lightweight versions shall be permitted according to fhe product
¢haracteristics and\places where the DMU is used.

d) The model ofDMU shall be reviewed and appraised before its release.

8.1.17 Fundamental requirements

a) Thé DMU defines the nominal model. If the forms, orientation, and position of geometric ¢lements are

determined hy the thearetically exact dimension (TED), DMII madels should he huilt hyithe TEDs.

NOTE The scale of 1:1 is recommended to build the DMU.

b) The uniform unit shall be used in building DMU. If the length unit is not millimetre, it shall be an
attribute of the model.

c) Before the modelling of a digital mock-up, a unified initial setting of modelling software shall be
provided; usually, the setting items should include, but not be limited to, the start path of file loading,
the initial screen and display environment, the initial modelling datum, the default view, layers, unit
specification, design model precision, annotation format, basic model attributes, etc.

© IS0 2015 - All rights reserved 7
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8.1.3 Identification of parts or components

The identification of parts or components of digital mock-up shall meet the requirements as follows:

a) Uniqueness: All parts or components shall have unique identification to avoid confusion during data
storage, share, and release.

b) Unification: The identifications of parts or components shall be unified. Each enterprise or industry

organiz

ation should have rules of their own according to their characteristics.

c) Readability: The identifications of parts or components shall observe the regulations made by each

enterpr

of digitd

d) Extensi
accordi

8.1.4 Def

The definit

following py

a) The coq

design,
b) Thecoo

c¢) Thedig
coordin|

8.1.5 Col]:uring and texture rendering requirements

Colouring a
a) Easyto
b) For diff

only 8.1
substantially dyed. When colouring the final DMU, either the product colour scheme or the colg

physica

c) When t
conside

8.1.6 Model state

a) Forthe

ise or industry organization and high readability facilitates the management of documents

1 mock-up model.

bility: The identifications of parts or components shall be extendable to add new inform
hg to different applications.

nition and use of coordinate system

inciples:

benerally referring to the origin, orientation, naming of egordinate system, etc.

tal mock-up model shall have an absolute coordinate system and should establish a rel
ate system during model building according tetactual situation.

d texture rendering of DMU shall meet the following requirements:
identify and operate.

erent purposes or at different stages; for example, when colouring DMU at the design d
.5 a) is observed; when(the design is complete, the DMU models should assume the st{

prototype or thearser’s practice and requirements should be taken into account.

he texture rendering is given to DMU, the material properties of components shg
Fed and the.material texture shall be decided on.

htion

on and use of the coordinate system of the digital mock-up model shall abide by the

rdinate system definition of the digital mock-up model shall be unified before product

rdinate system of the digital mock-up model should givéconcise and readable identifications.

ative

tage,
ite of
ur of

1l be

mechanical product with kinematic pair, the submitted DMU model shall stay in statid

nary

or stable state.

b) For the mechanical product with cyclic movement, the submitted DMU model shall stay in zero
position in a motion cycle or keep stable under the effect of gravity.

c) Modelsof DMU with multi-status movement should be derived from the DMU model under stationary
or stable state.

8.2 Detailed requirements of model building

8.2.1 Modelling of parts

8.2.1.1 Fundamental principles

8
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The model of parts shall accurately express the design intent.

The model of a part shall not contain redundant elements. For example, it shall not comprise any
geometry information which is not related to the model building result.

The modelling of a part should reflect that the design is for manufacturing and assembly, so as to
enhance the manufacturability and ease of assembly.

The main frame of the model shall be built first, and then the detailed features of the model.

The parameterization to modelling of parts is recommended, and the inherent links and reference
relations between data should be taken into account.

8.2.1

The §

a)
b)
c)
d)
e)
f)
g)

h)

q

|

|
|

4

.2 The general process of modelling of parts

reneral process of modelling of parts is as follows:

$et the initial environment of modelling software.

Define examination rules for future DMU model validation.

[reate DMU model file, and then copy and quote the reference relation if necessary.
Build the main frame.

Build part from detailed geometric features, such as rounds, chamfers, and small holes
[reate 2D engineering drawings, if required.

Add other information as necessary, such astannotation, attributes, analysis data, 4

escription as described in I[SO 16792.

xamine and validate the DMU model.

8.2.1.3 Fundamental requiremerits

a)

b)

c)

d)

he model of parts shall include engineering information, for instance, performan
nalysis data, material deScription, etc.

art-modelling featutes shall be fully constrained, neither should they be under-con;
ver-constrained,.unless otherwise specified.

riority shallbe.given to the geometric constraint, such as parallel, perpendicular, and
imension €enstraint is in the second consideration.

he outhne surface of the part model shall be smooth and ruled surfaces should
odeltdata shall provide machining information, such as reference plane, technologic

nd material

re indicator,

trained nor

hligned. The

be adopted.
h1 holes, and

ositioning datum.

e) Priority shall be given to parameterized series family table when modelling the standardized parts.

f) Models of purchased parts should be provided by the supplier. If the supplier cannot do it, the parts
model shall be set up by the user.

8.2.2 Assembly modelling

8.2.2.1 Fundamental principles

a) DMU models shall be assembled by hierarchy and by sub-systems (reflecting the physical sequences
of assembly or disassembly of the product).

© ISO 2015 - All rights reserved
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b) The assembly model shall include not only the information of parts or components but also the
associativity between them.

c¢) Thecon

d) A compl

figuration status or released version of the DMU shall be recorded.

ete assembly hierarchical tree shall be defined.

8.2.2.2 The process of assembly modelling

There are two modes in assembly modelling: design from top to bottom and that from bottom to top
design. For the product with simple structure, the mode from bottom to top should be recommended;

for the new]

These two dpsign modes do not conflict with each other, and they may be used in combination somét

The process|
a) Createt
b) Define t

c) Create §

design Basis, until a complete assembly structure is formed.

d) Buildth
e) Addrelg

specificption, geometrical specification with datum system or not, or surface texture specific

or othel
perforni

f) Create ]

g) Checkt

the predlefined requirements are met.

The process|

a) Carryo
b) Create 3
c) Set up
complef
d) Addrelq
specific

or othe

from top to bottom is generally as follows:
op-level assembly model, and build layout model or skeleton model.
he assembly datum.

ub-assembly by the mode from top to bottom level by level, with the layout model 4

e sub-assembly and models of parts.

vant annotation and attribute description, as described\in ISO 16792, including dimens

" types of specification and add when it is applicable, process capability index (or pr
jance index) and data. Refer to ISO 3534-2.

D engineering drawings as required.

he model according to the predefined inSpection rules and modify any unconformities

from bottom to top is generally.as follows:
1t the bottom part or compdnent modelling.
ssembly model file forthe upper level.

he assembly ddtum and assemble the part or component model level by level unti
e assembly structure is formed.

vant anrotation and attribute description, as described in ISO 16792, including dimens
htion, geometrical specification with datum system or not, or surface texture specific
" types of specification and add when it is applicable, process capability index (or pr

perforni

ded.
mes.

s the

ional
htion
hcess

until

| the

ional
htion
hcess

jance index) and data. Refer to ISO 3534-2.

e) Make 2D engineering drawings as required.

f) Check model according to the predefined inspection rules and modify any unconformities until the
predefined requirements are met.

8.2.2.3 Assembly constraints

8.2.2.3.1 Principles for constraint selection

a) The selection of the assembly constraint should reflect the constraint properties and motion
relations of product object as truly as possible and selection shall be made about the constraint
type which best reflects design intent. With regard to the moving product, the constraint shall truly

reflect i

10

ts mechanical motion characteristics.
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Over-constraints or under-constraints shall be avoided.

c) According to design intent, the rational assembly datum shall be chosen and the assembly relations

should be simplified as much as possible.

8.2.2.3.2 Model assembly without degree of freedom

For a model assembly without freedom, each component shall be completely constrained. The commonly
used static constraint should include, but not be limited to, one coordinate system being fitted to another,

one axis to another, one plane to another, and one surface tangent to another.
One porrstraintoracombinationrof severatabove constratntsshattbeusedtogivefuthconstraints
to a gomponent.
a) o¢ne coordinate system being fitted to another
The position relations of components shall be constrained by the alignmentyor offset of coordinate
gystems. Each component should be constrained in the same coordinate.system, in order to reduce
nnecessary cross-referencing relationship between these components.
b) one axis being fitted to another
xes of two components shall be constrained to be in superposition by alignment pr insertion
anner. This kind of constraint should be used commonly)in/fitting between the shaft aind hole.
c) one plane being fitted to another
The position relations of components shall be cofistrained through alignment, matchjng or offset
f plane to plane. If the normal direction of twg,planes is the same, this kind of constraint is called
‘planes alignment’; if the normal direction of two planes is opposite, this kind of constrajnt is known
3s ‘planes mate’; if the two planes are parallel and there is a certain offset distance between them,
this kind of constraint is referred to as*planes offset’.
d) one surface tangent to another
Two components position relationship shall be constrained by one surface tangent to apnother.
8.2.2.3.3 Model assembly with degree of freedom
For g three-dimensional’model assembly with degree of freedom, assembly shall be dorle according

to the actual mechanical kinematic pair type. Constraints affected shall correspond wit}

char
but i
pairs

a)

b)

hcteristics of-actual mechanical kinematic pair. The common mechanical kinematic p
5 not limited-to, the revolute, sliding, cylindrical, planar, spherical connection and sp4
, or the.¢ombination of these kinematic pairs.

revelute pair

the kinetic
hir includes,
cial moving

tsokmowmnas ‘hiugc', itreferstotherelative rotatiomofone componentar oumdamraxt
The mobile component has one rotational degree of freedom.

sliding pair

It refers to the linear motion of one component relative to another along a straight line
component has one sliding degree of freedom.

cylindrical pair

One component affects a linear motion along a cylindrical plane relative to another,

of another.

. The mobile

and rotates

around the axis of the cylinder. The mobile component has two degrees of freedom, i.e. one sliding

degree of freedom and one rotational degree of freedom.

© ISO 2015 - All rights reserved
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d)

f)

8.2.3 Simpulation modelling

8.2.3.1 Fyndamental requirements

planar pair

One component moves on a certain plane relative to another and rotates around the normal line of
the plane. The moving component has three degrees of freedom, i.e. two sliding degrees of freedom
and one rotational degree of freedom.

spherical connection pair

One component rotates in any direction around the centre of the sphere relative to another. The
mobile component has three rotational degrees of freedom.

special moving pair

It referg to the movement constrained by special drive mechanism which usually includes gear|cam,
belt, chain, coupler, and screw pairs.

The simulatjon model is a subset of DMU and the digital specification expresses its capability necegsary

to show up product function and performance simulation.

According t¢ application, different simulation models shall be built, such as assembly simulation model,

kinematic simulation model, finite element model, and dynamic simulation model.

Full use shall be made of the existing geometric DMU to build simulation model, so as to reduce the work

of model reljuilding.

8.2.3.2 Re¢quirements of simulation modelling

The general|process of simulation modelling based on the geometry model is as follows:

a)
b)

f)

The initjial setting of simulation softwarie shall be made.

Simplification of geometry DMU sheuld be carried out with detail features being deleted, proyided
it does not affect the simulation-result. Take for example, when mechanical finite element andlysis
model i§ to be built, the detailfeatures in the geometry DMU should be deleted, such as the chanpfers,
small holes, and turned edges; when the analysis model of multi-body dynamic is to be built, the
several components, wheseinteracting load at connections can do without analysis, shall be looked
upon as|a single compgnent.

If necefsary, the \characteristics of geometric DMU should be transformed to the element
charactgristics inthe finite element analysis, such as rod, beam, and shell.

When thegeometric DMU is to be input, it shall be checked. If there are any features affefting
simulatjof/ or any loss of information, the model shall be repaired, or other data transmibsion
should be chosen and input again.

The input model should be partially adjusted according to the needs of simulation.

Other definition information should be added to the simulation model if necessary, and the simulation
model should be improved gradually.

8.2.3.3 Detailed requirements

a)

12

The existing geometric DMU, or the simplified model derived from the geometric DMU, shall be used
as models of assembly simulation, and therefore the constraints on mass, motion, model assembly
environment, measurementrequirements,and outputsetting ofkey gap and distance should be supplied.
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d)

9

9.1

Simpllification and lightweight models of DMU shall be handled‘according to produ

development stages, and application purposes. The possible application of simplification and

ISO 17599:2015(E)

The existing geometric DMU, or the simplified model derived from the geometric DMU, should be
used as models of kinematic simulation. Constraints on kinematic pair, drive type, load type, damp
and friction co-efficient, measurement requirements, output setting, etc. should be supplied.

The mechanical finite element model should be simplified on the basis of the existing geometric
DMU according to mechanics and the definition of meshing, load and boundary conditions, material

and element attributes, solution, output setting, etc. should be supplied.

The dynamicanalysis model should be simplified based on the existing geometric DMU to the largest
extent according to the dynamic characteristics. The definition of the kinematic pair, dynamic

constraint, load, solution, and output setting should be added.

The simulation model for other special fields shall be made from the existing DMY
of the model.

$implification and lightweight models of digital mock-up

Application

mod¢ls of DMU can be used in the following situations:

a)
b)
‘)
d)
e)
f)

9.2

The {

a)
b)

)

10

Iesigning plans or principles;
esigning large assemblies;

yisualization;

gimulation and/or optimization;

gimplified expression of engineering-drawings;

gpecial situations, such as places,where commercial secrets are to be hidden.

General requirements

The identifier shatbbe added to the simplified or lightweight model, so as to be readily
Misinterpretations shall be avoided.

The inferiation expression of DMU at specific applications shall not be affected.

ollowing principles.shall be observed when the DMU model is simplified or lightweighit.

as the basis

ct features,
lightweight

dentified.

quniw:mpnfc of management
O

10.1 General requirements

a)
b)

)

d)

The management of the DMU shall include all stages of its life cycle of an assembly or a part.

There shall be agreement within the enterprise in DMU modelling, simulating, and managing

software and its versions during the whole life cycle of products.

The manner and channels through which to exchange the data of digital model within,

enterprises shall be stipulated.

or between,

Assured software tools or normalized processes to manage the changes of the relevant DMU data

produced at each stage of the whole life cycle shall be adopted.

© ISO 2015 - All rights reserved
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10.2 Management of the whole DMU life cycle

10.2.1 General principles

The DMU life cycle includes the various stages of design, manufacture, marketing, and aftermarket. The
whole DMU life cycle should meet following requirements:

a)

b)

c)

10.2.2 Management of design stage

10.2.2.1 Mpnagement of scheme design stage

a)

b)

f)

g)

10.2.2.2 Mpnagement of detailed design stage

a)

b)

14

Atthe initial stage of DMU development, all the activities and processes related to DMU at each stage
of the whole life cycle should be planned.

The inter-relationships between the stages of the whole life cycle should be certain, and the same is
true wifir the INputand outputs, as otherwise, the process would be atfected.

The stgndardization department should establish requirements of DMU at each stage of the
whole life cycle.

The degign process of scheme DMU usually includes specifying requirements for the topqlevel
design ¢of the DMU, the top-level layout of the complete DMU, releasifig the design requirements of
the subisystem, the designing and simulating of the digital modél of the sub-system, checking and
acceptapce of the sub-system, the assembly and simulation of the complete DMU, and its review.

Generally, it is the responsibility of the quality control (Q€) department to inspect and check the
DMU top-level design and supervise it.

Itis the [responsibility of the controlling design depa¥tment to give an overall layout of the DMU, and
delegat¢ the requirements of the DMU designing.to'the sub-system.

Each sup-system design department should-carry out designing and verifying the simulation af the
scheme|DMU according to the design requirements and the approved DMU should be presented to
the confrolling design department.

Itis the responsibility of the QC department to inspect and check the scheme DMU of each sub-sy$tem.

It is the¢ responsibility of the, controlling design department to have the accepted DMU npodel
assembled and its simulation Verified, so as to have a wholesome DMU model.

It is the[responsibilitylof the QC department to organize a review of the DMU model, and as fgr the
requirements of speeific review, see Clause 11.

The degign process of detailed DMU generally includes the setting up and releasing of detpiled
DMU design requirements, detailed geometric DMU design and calculation, detailed function DMU
design and simulation, detailed performance DMU design and verification, the collaborative design
between mechanics and technology, detailed DMU review, and its release.

The QC department should determine the detailed DMU design and release specifications and be
responsible for supervision.

The controlling design department should make detailed DMU design requirements based on
scheme DMU, and then release them to the sub-systems.

Each sub-system design department should carry out sub-system detailed design and simulation
based on detailed DMU design requirements.

The controlling design department should build a complete DMU based on the qualified and accepted
sub-system DMU.
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f) The controlling design department and sub-system design department should carry out engineering
analysis, verification and optimization, simulation for test, etc.

g) The detailed DMU should include the following models: those of geometry, assembly, kinematic
mechanism, static analysis, dynamic analysis, thermal analysis, electromagnetic analysis,
ergonomics analysis, virtual assembly, logic control, etc.

h) The manufacturability of detailed DMU can be enhanced through the collaboration between the
designing and technology departments.

i) The QC department shall organize the review of the detailed DMU, while it is the archives
ﬁpmwwmmww ibili ici ifi i r review to

anufacture department.

10.2{2.3 Management of technological design stage

a) The manufacturing DMU shall be built on the basis of the detailed DMU7and its degign process
generally includes fixture design, technological simulation, designing of.technological file, review
and release of manufacturing DMU.

b) Thetechnological design department should engage in simulationis of virtual machining) assembling
gnd factory (or workshop) through the manufacturing DMU,s0 ‘as to obtain and provide basic data
for technological designing.

c) The technological design department should carry out the conversion from EBOM to PROM and test
and verify the rationality of technological design on the basis of technological simulatipn of DMU.

d) The technological design department should carty out the work of designing fixtures jon the basis

f PBOM, the conversion from PBOM to MBOM;to create a manufacturing DMU that caln be used in
the work place.

e) The QC department should organize the-review of the manufacturing DMU, while it is the archives
department’s responsibility to officially release the qualified manufacturing DMU to the work place.

10.2}3 Management of manufacture stage

a) The manufacturing department shall carry out manufacturing activities with the mgnufacturing
PMU, which has been,efficially appraised and released.

b) The manufacturing.department should carry out materials preparation, the work of mgchining and
dssembly operation instructions, product inspection, etc. on the basis of the manufactyring DMU.

10.2}4 Management of marketing and aftermarket stages

a) Themarketing department should engage itself in product advertising, bidding, technifcal training,

}I)roduct service, recycling, remanufacturing, etc. with special-purpose DMU.

b) The special-purpose DMU can be simplified or aesthetically enhanced, but shall not deviate from

the DMU nature, and it shall meet the requirements in actual use.

10.3 Requirements of data management

a) PDM should be used to carry out the management of DMU, and seamless integration should be

realized between PDM and CAD/CAE/CAPP/CAM.

b) The DMU data of products at each stage of the whole life cycle shall be managed in a centralized

manner, including geometry and simulation models, simulation result, correlation, etc.

© ISO 2015 - All rights reserved
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c¢) The DMU data at each stage shall be managed according to hierarchy, type and version and the
mechanism of index, and interrelation should be established, so as to guarantee the interrelatedness
and uniformity:.

d) The simulation model and simulation result of DMU at each stage should be managed and the
correlation with geometry DMU should be kept.

e) The DMU basic model, including those of standardized parts and general parts, shall be stored and
managed in a centralized mode to ensure uniformity.

f) The product data management department shall periodically check up the safety, integrity, and
validity af the data of DMII

g) The maj\agement mechanism of the safety authority of DMU data shall be established and peried

backup

the data, and store the data of DMU used in routine operation in different computéns;and

them up in different media, to avoid data missing or damage caused by natural or human factor

h) Documént management related to DMU shall be performed according to ISO 11442

10.4 Confi

guration management

a) The configuration management of DMU shall include activities such.as-éonfiguration manage

plannin
configu

g, configuration identification, change control, configurdtion status accounting,
Fation audit as described in ISO 10007.

b) Configuration management planning of DMU shall includé’plans of design, acceptance, re

release,

archiving of the DMU.

c) Configufration identification of DMU shall be performed according to ISO 11442.

d) Stageid

entification should be established for DMU, to'show the current stage where the DMU stays

e) Enginedring change management of DMU shall be performed according to ISO 10007.

f) Keep ddgtailed record of the change process of DMU of each type.

g) Establigh the baseline, which has.a*compulsory nature, and stage information of DMU fo

qualifie

h) The QC
scheme

d DMU after review at each’stage and archive DMU, according to the baseline.

department shall periedically carry out the audit for the changes of the configuration
DMU, detailed DMU; manufacturing DMU, etc.

11 Requirements of review

11.1 Purp

The main ai

pses and aims of review

cally
back
S.

ment
and

view,

now.

r the

fthe

h e

L£INNAL - - b
II5 O UMU TCVICEWIITE d1'C LU TIISUI'T

a) applicability of the product,

b) conformity of the design,

c) coordin

ation of all the sub-systems, and

d) manufacturability of the product.

11.2 Foundations of reviewing

Reviewing is based on the following considerations:

a) product R&D contracts;

16
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b) R&D task statement of product;

c) overall R&D technology programme of product;

d) reliability programme of products and all sub-systems;

e) maintainability programme of products and all sub-systems;

f) quality assurance programme of products and all sub-systems;

g) standardization programme of products and all sub-systems;

11.3 Materials of review

The relevant materials submitted for review shall include

a) foundations to rely on for reviewing,

b) DMU and its demonstration environment,

c) Treview items, including demonstrations and inspection itéms,
d) relevant materials, including models, pictures, lanternislides, video screen, software, moc

e) fechnical reports on DMU.

11.4 Contents to be reviewed

To b
resp

h | b d ol | b | |
) Il UUUCtl HIUUCT ITUT IIIS dlIIU StdlludIi uy,

uilding requirements and specifications of DMU of products.

e reviewed are such items as the scheme DMU, detailed DMU, and manufacturing [}
bctive stages. For specific review requirements, see Figure 2.
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development stage

scheme design

models for review

layout model

review items

product outline

scheme DMU review

principle DMU

ols the layout reasonable?

oDoes the basic outline meet requirements?
oDoes the interior space meet requirements?
OAre  the assembly hierarchy divisions
reasonable?

oAre the working principles feasible?

[1Do the basic attributes meet with design

geometry model

requirements?
OAre assembly hierarchy division
reasonable? AN

mechanism motion
model

> dgtailed design

static analysis model

) 4

dynamic analysis model

[ODoes mechanism motion trackMulfil design
requirements?

oDoes the precision of” \movement mee
requirements of design?

oDo the moving parts\or) components interferq
with other objects ?

temperature control
model

electromagnetic analysis
model

—@ed DMU review

ergonomics performance
analysis model

virtual assembly model

logic contro}-odel

ODoes  the” deformation  fulfil  desigy
requirements?

[Does the stress meet design requirements?
oDoes.* the resonance frequency meet desig
requirements?

Does the heat dissipation performance mee
design requirements?

oDoes the electromagnetic screen performancd
meet design requirements?

oDoes the control logic meet desigy
requirements?

[ODoes the ergonomic performance meet desig
requirements?

[ODoes the disassemblability meet desigy
requirements?

[ Does the life-span meet design requirements?
[J Does the reliability meet design requirements?

machining simulation
model

tech

virtual assembly
simulation model

UTs the machining technology feasible?

[I1s the tool path correct, and does it interferd
with clamps?

als the assembling sequence of parts o
components reasonable?

ols the assembling path of parts of
components reasonable?

oDo parts or components interfere with eachy

nufacturing D
review

other during assembly?
[ODo parts or components interfere with
fixture during assembly?

manufacturing and testing of

physical prototype

Figure 2 — Review of objects and items at each development stage
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11.4.1 Review of scheme digital mock-up

The
a)
b)
‘)
The
a)
b)
‘)
d)
e)
f)

objects for review of scheme DMU shall at least include
a clear diagram of product and each sub-system,
layout model of product and each sub-system, and
principal DMU model of product and each sub-system.

contents for review of scheme DMU shall at least include the following items:

Do the product outtines; totours; amd mmateriats eet TequiTenents?
Does the interior space meet requirements?

Is the overall layout reasonable?

Are the assembly hierarchy divisions reasonable?

Does the mechanism motion meet requirements?

Are the working principles feasible?

11.4{2 Review of detailed digital mock-up

The

The
a)

b)
‘)
d)
e)
f)
g)

bjects for review of detailed DMU shall at least include the following:
three-dimensional geometric models of parts or.gomponents of product and each sub-g
assembly models of product and each sub-system;

mechanism motion models of product and each sub-system;

gtatic analysis models of product andeach sub-system;

dynamic analysis models of product and each sub-system;
emperature analysis models of product and each sub-system;
¢lectromagnetic anal§sis models of product and each sub-system;
ergonomic analySis‘'models of product and each sub-system;

yirtual assembly models of product and each sub-system;

logic control models of product and each sub-system.

review of the detailed DMU shall include at least the following considerations:

ystem;

Do the basic attributes (including mass, volume, shape dimensions, rotary inertia, etc.) meet design

requirements?

Are the assembly hierarchy divisions reasonable?

Does the mechanism motion track fulfil design requirements?

Does movement precision meet design requirements?

Do the parts or components interfere with other objects while in motion?
Does deformation fulfil design requirements?

Does stress meet design requirements?

© ISO 2015 - All rights reserved
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