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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.
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Introduction

The digital mock-up virtual assembly test (VAT) is a computer simulation procedure in lieu of performing
a physical prototype test for a product to verify the compatibility of the mechanical interface and the
feasibility of assembly. This test can be used to explore and resolve interface and/or assembly problems
before physical product assembly. VAT activities typically include virtual interference inspection,
assembly process analysis and ergonomic evaluation based on 3D nominal models in the design phase.
It can be helpful to consider the results of a VAT to predict and provide early warnings regarding the
risk of interference or assembly problems, although the VAT cannot completely replace all the tests in
on-site assembly testing.

The ¢bjectives of the VAT are as follows:

a) vyerify the mechanical interface compatibility of units, sub-systems and products;
b) e¢nsure that the design outputis interference-free and that all contacts or clearances ar¢ acceptable;
c) vyalidate layout design at every assembly level;

d) verify assembly feasibility in the manufacturing and operational énvironments;

e) ¢valuate the assembly process to optimize the assembly plan/

© IS0 2020 - All rights reserved v
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Technical product documentation — Requirements for
digital mock-up virtual assembly test for mechanical
products

1 Scope

This
mech
The {
This

2 Normative references

The
cons
undg

ISO
mech

ISO 3

3

For t
follof

ISO 4
— 1
— 1

31
desi{
port]j

[SOU
3.2

Terms and definitions

document specifies the requirements for a digital mock-up virtual assembly_teq
janical products, which is suitable for guiding virtual assembly testing before physical

test is applicable to 3D nominal models with theoretically exact dimensions;

following documents are referred to in the text in such a way, that some or all of t
Fitutes requirements of this document. For dated references,(only the edition cited
ted references, the latest edition of the referenced document{including any amendme

17599, Technical product documentation (TPD) — General requirements of digital
anical products

9845, Technical product documentation — Documient types

he purposes of this document, the texims and definitions given in ISO 17599 and ISO 29
ving apply.

nd IEC maintain terminological-databases for use in standardization at the following g

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia: ayailable at http://www.electropedia.org/

bn model
on of the data set that contains models and supplemental geometry

RCE: 150 29845:2011, 3.1.8]

t (VAT) for
production.

pplication of this document is intended to result in an effective VAT and efficieht on-site assembly.

heir content
applies. For
hts) applies.

mock-up for

845 and the

ddresses:

3Dn

ominal model

type of design model that contains three-dimensional geometry with theoretically exact dimensions

3.3

virtual assembly test

VAT

test for examining an assembly process in a virtual environment
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simplification
method which allows some features built without modelling or some parts (or components) without
assembling during the modelling process

Note 1 to entry: Through simplification, the geometric detailed representation can be simplified and the model
loading efficiency can be improved provided that the simplification does not incur ambiguous understanding or
bring about inconvenience to the use of a model.

[SOURCE: IS
3.5

0 17599:2015, 3.12]

lightweight
method to e

Note 1 to ent
simulation, a

[SOURCE: I§

3.6
environme
type of mod

3.7

ktract patches from the product geometry model

ry: It reduces resource expenditure in model loading, and it is suitable for large assembly, assg
vertising, technical training and so on.

0 17599:2015, 3.13]

ht model
el containing, for example, shop floor or tools and fixtures

ideal human model

computer-b
features, ty]
residence, g

3.8

ised dummy model in accordance with the actualstatistical data set of human
pically as a whole-body model or local feature model, inclusive of citizenship or count
bnder, height and weight, fatigue and other characteristics

process madel

type of mod

3.9

assembly p
simulation
optimizatio

3.10
assembly p
movement f

3.11
interferengd
parts of twd

el containing an assembly sequence,path and procedure

rocess simulation
f an assembly process in awvirtual environment for the purposes of planning, analysi
N

ath
ath of parts o¥.components in an assembly process

e
or mipre 3D nominal models occupying the same space at the same time

3.12

mbly

body
ry of

b and

clearance

two or more adjacent surfaces in the nominal model not touching one another

3.13
contact

two or more surfaces in the nominal model touching one another
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4 VAT process

4.1

General principles

A VAT shall be conducted at the design or manufacture start-up phase and shall take into account product
peculiarities and complexity; developer and supplier divisions; software and hardware selection;
basic library development; test and analysis methodologies; legal restrictions; risk management; cost;
schedule; allowable deviations and other constraints. From the unit level through to the integrated
product level, the VAT shall be implemented utilizing appropriate technical methods and suitable test
tasks shall be performed at each assembly level.

4.2

Gene

a) 1
1

Workflow process

rally, the VAT process includes the following preparation, implementation and review

hall be developed that includes at minimum the test objectives, testtasks, test me

b)

1

Figu
work

est process, test bill of material (BOM) and test schedule. Test models'shall be preparg
roduct models, environment models and virtual operator models,and all models shall
virtual test environment shall be configured and initialized before moving on to the

phases:

n the preparation phase, to certify the interface and assembly designs of'the product, a VAT plan

thodologies,

d, including
be certified.
hext phase.

n the implementation phase, an interference inspectioncand assembly feasibility amalysis shall
e conducted in a virtual assembly environment. The VAT process and all relevant isques shall be

ocumented, and the results verified in a closed-loop check.

n the review phase, to validate the test results, ateview shall be conducted to estab
equirements of each of the different phases in“the VAT process - preparation, plan,
eport - have been met.

e 1 shows a diagram of the VAT workflow process, and Annex A, Figure A.1, shows a VA

ish that the
process and

T aeroplane

Preparation Implementation

flow process.

Review

esign test pla

n Configuration and

Interference inspection

Assembly feasibility analysis

Hreparation

an

Cess

initialization * *
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\
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\
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5 VAT preparation requirements

5.1 General

Preparation of a VAT shall comprise the development of a test plan, the preparation of models and
the configuration and initialization of a virtual assembly environment. The test plan, models and
configuration and initialization statuses shall be documented.

5.2 Testplan

chada bt ot bo o d 0+t o £oll oo
I A\ Irr A%

The test pla
a) Test ob
assemb
b) Test ta
be incr

product

c) Test mg

softwarf
d) Test prd
testres
e) Test B(
method
f) Test sch
the app
assemb
5.3 Mode
5.3.1 Pro
A product 1

efficiency wj

chall 1 a
T STralr rrrcroaat ot O T O CO tIICTOTIO VW I 5

ectives: specification of test objectives to verify that the design meets the intexfacq
y requirements when exposed to applicable environments;

tks: inspection and analysis tasks developed to meet the test objectives, which
bmentally performed at different assembly levels from the unit level to the integi
level;

thodologies: a suitable combination of inspection and analysis“methods, hardware
e tools and a test process shall be selected or developed to identify latent design defec

cess: a detailed flow chart of the VAT steps shall be developed to ensure the validity
hlts;

M: a complete BOM for the VAT shall be provided according to the test tasks,
plogies and test process;

ledule: a time schedule shall be established;to ensure the implementation of the V4
Fopriate sequence from the unit level to the integrated product level, and the lower
y testing shall be conducted before initiating upper-level testing.

1 preparation

duct modelling

hodel shall be developed, which may be simplified and/or lightweighted to improvg
ithout affecting theZestablished test objectives, the details of which are as follows:

and

shall
ated

and

[S;

f the

test

AT in
level

test

a) The gemperal modellingyrequirements for mechanical products shall be followed according to

ISO 175

b) The sim
geomet

DO.

plified ahd/or lightweighted models at the unit level for the VAT shall keep their ext
Fic representation and may contain an empty internal chamber.

c) The sin

brnal

iplified and/or lightweighted models at the sub-system level for the VAT shall mai

htain

uniformity of geometry, coordinate information, assembly constraints and other information that

serves t

he test objectives.

d) The integrated product model shall be partially simplified and/or lightweighted according to the
speciality of the test task, without affecting the correct function of the movement mechanism.

5.3.2 Env

ironment modelling

Environment modelling shall be used to hierarchically construct a digital workspace and support
facilities that reflect the requirements of the desired assembly activities, as follows:

a) The shop floor model shall be consistent with the actual workspace, and an activity boundary and
operational space shall be established that provide enough assembly space.

© IS0 2020 - All rights reserved
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b) Tool and fixture models shall be created according to the actual needs of the assembly activity to
verify their practical viability, and the accuracy of the model geometry shall be consistent with that
of the product.

5.3.3

Virtual operator modelling

Virtual operator models shall be built on the basis of the ideal human model to accurately reflect the

popu

lation who will be working in the real operational environment, as follows:

a) The virtual operator model shall be adjusted in accordance with relevant national standards for
the human body that are based on human statistical data from the respective country to ensure

1

The virtual operator model shall consider height, weight and fatigue attributes of the
lhuman model as the minimum number of working characteristics to meet simulation

xe limited to the software version, templates, coordinate system definition, units of m

The hardware configurationshall establish and display the running memory capacity.

hat they are sutficient to meet test task requirements.

equirements.

Model qualification

] qualification shall focus on the completeness, conformity and integration of models,
[ompleteness of models is in accordance with the test BOM.

[onformity of models is in accordance with the test plan:

ntegration of models is in accordance with the modelling requirements, which shall in¢

uality, and colouring and labelling.

Configuration and initialization

ware and software shall be configured and initialized for VAT implementation. It is e
bpriate parameters be set to ensure the best VAT performance. Configuration and i
be defined by but not be limited'to the following:

[he software configuration shall customize the frequency of automatic backup, displd
sraphic cache mandgement, units of measurement, toolbar and user interface.

\ssembly initidlization shall establish a unified assembly datum, build structure tree a
equence, layeut position and record of the initial state.

deal virtual
ind analysis

s follows:

lude but not
basurement,

ssential that
hitialization

ly precision,

nd assembly

Productmodel initialization shall include the establishment of the assembly hierarchy, assembly
elationship, layout and positions.

b)

1
5.34
Mod;
a)
b)
c 1
5.4
Hard
appr
shall
a)
b)

4
c) A
d) |

1
e)

iications, and

f) Operator model initialization shall consist of the initial posture and position coordinates.

6 VAT implementation requirements

6.1

General

VAT implementation shall comprise interference inspection and assembly feasibility analysis. Tasks
related to interference inspection generally include static and dynamic interference inspections,
whereas tasks related to assembly feasibility analysis generally include assembly process analyses and
ergonomics evaluation.

© ISO
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6.2 Interference inspection

6.2.1 Inspection tasks

Interference inspection is performed to analyse the latent interference problems of components
on the assembly path. For a small and simple product, many interferences may be identified by
manual observation. However, for a complex product, appropriate tools and a suitable process shall
be established to identify problems. Generally, there are two types of interference inspection tasks:
inspection of possible interference between parts in a product or between fixtures and the product.

Inspection tasks to identify latent interference problems between parts in a product typically involve
but are not limited to the following parts:

a) connectling holes and bolts between interfaces;

b) flange step surfaces and seals;

c) tubesand associated flanges;

d) tubesand their structural supports;

e) instruments and their structural supports;

f) electric|plugs and sockets and their structural supports;
g) wires and their structural supports;

h) movingmechanism parts.

Inspection tasks to identify latent interference problems between fixtures and a product typically
involve but are not limited to the following fixtures:

1) riveting structure support;
2) welding structure support;
3) docking fixtures;

4) supportvehicles;

5) transport vehicles;

6) packingboxes.
6.2.2 Static interference inspection

6.2.2.1 Process

The static interference inspection process of a VAT is generally as follows:
a) Selecta static interference inspection task for parts of the product and/or fixtures.

b) Define the pass-fail criteria of the static interference inspection according to the design
requirements.

c) Verify all relative models of the product and/or fixtures.
d) Perform static inspection analysis by automatic and/or manual methods.
e) Record contact, interference and clearance results.

f) Collate and analyse discrepancies between the results and the design requirements.

6 © IS0 2020 - All rights reserved
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Draft a static interference inspection report.

Figure 2 shows the workflow process of static interference inspection.

6.2.2.2 Methods

Statif interface inspecfion generally involves automatic inspection, manual inspecti
coml

a)

b)

d)

Select task

!

Define criteria

!

Verify models

'

Do static inspection

Clearance?

Interference?

Record the
value

Record the
state

Record the
state

Collate and analyse
probleinis

Draft report

Figure 2 — Workflow process of static interference inspection

ination of the two,as follows:

Automatic inspection involves the application of interference inspection software that at
¢alculates~the interference, and usually applies algorithms related to space ded
hierarchical bounding volumes and Boolean intersection.

n or some

itomatically
omposition,

ive through

Manual inspection involves the adjustment of the model to an appropriate perspect

A

interference and measuring the clearance and interference value.

bserving the

Both automatic and manual inspections are generally performed according to the product assembly
sequence. When the objects of automatic inspection contain a lightweight model, manual inspection

should be used.

Manual inspection shall be used to address other concerns not involving interference, including
misaligned holes or flanges, incorrect tie-downs of tubing/wiring, defective seals, unsuitable pin

lengths and incompatible connectors or fixtures.
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6.2.3 Dynamic interference inspection

6.2.3.1 Process

c interference inspection process of a VAT generally proceeds as follows:

dynamic inspection task for the parts of a product and/or fixtures.

requirements, such as kinematic boundaries or clearance qualification.

ho inpnfc which gnnawq"y include maotion conditions and all v
e HIHPHES— A Hetatr Ge1Ho-He-cehaiHoh Bt

Define pass-fail criteria for the dynamic interference inspection according to the design

The dynami
a) Selecta
b)
c) Verifyt
d) Create
correct
e) Define 1
f) Setthe
g) Hideall
h) Perforn
i) Record
j) Plotad
k) Record
1) Collate
m) Drafta

Figure 3 shd

hess of the degrees of freedom and movement limit.

notion equations in accordance with the test task.

motion to run for more than one cycle and create a motion track.
unnecessary datum planes, points, sketches and other modellingfeatures.
| dynamic inspection by automatic and/or manual methods.

contact, interference and clearance results.

stance curve with respect to time to obtain a graphical representation.
motion process and save a motion video of at least one cycle.

hind analyse discrepancies between the resulfs and design requirements.
lynamic interference inspection report!

ws the workflow process for dynamit interference inspection.

h movement mechanism, including moving pairs and fixed parts, and then wverify

F the

Select task
. . Do dynamic
Define criteria inspection
Verify inputs No
* Interference? Clearance?
Create motign
mechanism
* Yes
Define motion equations Record the state — Record the state Record the value
Set moving motion and Collate and analyse Record motion i
process Plot a distance curve
create track problems
Hide unnecessary Draft report
features

Figure 3 — Workflow process of dynamic interference inspection

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=36b86901150fa3af8903872b86427a7d

IS0 21143:2020(E)

6.2.3.2 Methods

Dynamic interference inspection is generally conducted manually, and is then supplemented by
automatic inspection, the details of which are as follows:

a) There are two ways to conduct a manual inspection: manually identifying key objects then taking
and recording spacing measurements; or generating and assembling a motion envelope with
respect to the original system, then converting a dynamic inspection into a static inspection.

b) Automatic inspection utilizes interference inspection software to calculate the interference, and a
static inspection is performed at each time step during the motion process.

d)

6.3

6.3.1

Asse

he objects of dynamic interference inspection should be the structural or mechanisin parts that

ave only a small clearance or moving parts characterized by interference risks.

The frequency of motion should be set according to the test purpose, taking into“consi
operation time and motion fluency.

Assembly feasibility analysis

Analysis tasks

mbly feasibility analysis is a simulation process that shall bg applied to product parts or

when assembly space is tight or the assembly process is.complex. If the assembly and

proc

psses have a corresponding sequence, the installation process shall be selected as the m|

for the analysis of assembly feasibility. Ergonomics evalgation is conducted using a bottom-

in th
plan

The

e product according to the predefined assembly:plan. The predefined assembly sequer]
are optimized by iterative simulation of the ergonomics evaluation until the criteria ar

product parts:

a) 9
b)

haft, rod and plate parts;

abin components and structural modules;

c) instrument and equipment;

d) {

ubes and wires;

e) 1mechanisms.

For
analy
wate

Ergo

roducts witli'an extremely narrow or tight operational space, tube or wire installatior
rsis shall take into consideration the tube or wire bending margin and the heat-
rprooef'surface coating envelope.

homics evaluation tasks generally consider:

deration the

components
disassembly
@jor process
up approach
ice and path
e met.

analysis tasks of the assembly process generally involve but are not limited to the following

1 operability
resistant or

1) human reachability;

2) human visibility;

3) human comfort;

4) other factors.

Fastener installation and torque operation simulations shall be established to analyse the safety
clearance in cases where the assembly space is tight.

Supplemental fixture requirements may be added based on the results of a VAT according to the actions
of a virtual operator with respect to, for example, a pedal or ladder.
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6.3.2 Assembly process analysis

6.3.2.1 Process
The virtual assembly process analysis generally proceeds as follows:
a) Selecta task for the analysis of an assembly process.

b) Define pass-failure criteria for the analysis, which shall include an optimal assembly path, best
assembly sequence and optimization of assembly process.

1 nracess -madel accordinag ta tho nraduct inctallation anoratian and rovorce acc
¢) Build aprocess—model according tothe productinstallationoperationand reverseassembly

processgs.

d) Set the|initial assembly sequence and initial path of movement according to the’ predefined
assembly operation sequence, from the starting point to the destination.

e) Simulatp the assembly process based on the initial assembly sequence and initial path of movement.
f) Check for interference and fitting problems during the assembly process simulation.

g) Adjust dssembly sequence or assembly path until the interference problems and fitting prohlems
are completely resolved.

h) Determjne whether the process is optimal.
i) Ifnot, afljust the assembly sequence or assembly path until the process is acceptable.
i) Repeat steps c) to i) until a reasonable assembly proces$iis achieved.

Figure 4 shqws the workflow of assembly process analysis.

Select analysis tasks

v

Define criteria

Y

Build process model

!

Set initial assembly Do assembly process
sequencesand moving path simulation

Adjust assembly
sequence or moving
path

Does interference or
unfitting problems
exist?

Need to
optimize ?

End assembly process
analysis

Figure 4 — Workflow of assembly process analysis
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6.3.2.2 Methods

The methods employed in a virtual assembly process analysis should generally be as follows:

a) Use simulation software for the assembly process analysis of process planning and optimization.

b) Assembly planning shall generally be performed by a combination of automatic and manual

methods.

c¢) The automatic planning process should first apply a simulation tool to calculate a reasonable path

according to the proposed assembly sequence.

d) anual planning should involve observation of the assembly space, and repeated adjustments to
he predefined path to realize a better outcome.

e) hen there is inflexibility or an open space in the assembly, the application of ‘automdtic planning

iIs suitable.

f) Tor the appropriate methods to use to check for interference in an assembly process, refer to 6.2.2.2
nd 6.2.3.2.

6.3 Ergonomics evaluation

6.3.3.1 Process

The ¢rgonomics evaluation process is as follows:

a) $elect tasks for evaluation.

b) Define pass—failure criteria for the ergonomics evaluation according to the design requirements.

c) Initiate a simulation environment and'process status according to the assembly sgquence and
ssembly path set-up described in 6.3:2.

d) Add avirtual operator model to the process and set up the initial posture.

e) Connect a virtual operator-action to the assembly path and perform sequential assenpbly process
imulations based on segnmented nodes of the assembly path.

f) If interference occurs/in the assembly process, improve the related design and gedefine the
ssembly procesg-and path.

g) After resolving*the interference problems, adjust the related operator posture and repeat the
imulation.to check the visibility, accessibility and human comfort factors.

h) Assembly process planning and ergonomics assessment can be performed simultaneously and

epeatedly until a reasonable assembly process or a determination regarding its in

feasibility is

btained.

Figure 5 shows the workflow process of the ergonomics evaluation.

© IS0 2020 - All rights reserved

11


https://standardsiso.com/api/?name=36b86901150fa3af8903872b86427a7d

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 VAT process
	4.1 General principles
	4.2 Workflow process
	5 VAT preparation requirements
	5.1 General
	5.2 Test plan
	5.3 Model preparation
	5.3.1 Product modelling
	5.3.2 Environment modelling
	5.3.3 Virtual operator modelling
	5.3.4 Model qualification
	5.4 Configuration and initialization
	6 VAT implementation requirements
	6.1 General
	6.2 Interference inspection
	6.2.1 Inspection tasks
	6.2.2 Static interference inspection
	6.2.3 Dynamic interference inspection
	6.3 Assembly feasibility analysis
	6.3.1 Analysis tasks
	6.3.2 Assembly process analysis
	6.3.3 Ergonomics evaluation
	7 VAT review requirements
	7.1 General
	7.2 Preparation
	7.3 Plan
	7.4 Process
	7.5 Report
	Annex A (informative)  A VAT aeroplane workflow process

