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Abstract: Modular strongrooms (MSR) are complex and Product configurators are used in various industries
technical and technologically demanding products. Thegnd their application provides significant advantages
are designed at the individual request of the customdf,8-12]:

who chooses the resistance grade of the room according « the possibility of fulfilling a number of customer
to EN 1143-1 and defines dimensions of the available requirements,

space to fit this product. The product architecture is « successful implementation of MC,

modular and configuration is accomplished by a « shortening the time of product appearance on the
combination of standard modules whose number and market,

dimensions must be adjusted in each new project. « reduction of costs,

Manufacturers are required to be flexible in product a greater variety of products is offered,

design and to respond quickly to customer requirements. shorter delivery cycles of the product variant,

The MSR design process 1s a Cm'c"?ll pha_se in product , users are integrated into the design process, etc.
development, therefore its automation with advanced

CAD systems is required. Within the CAD configurator Configurable products usually use a modular
for automatic MSR configuration, intelligent 3Darchitecture where the product is decomposed into
templates of parts, modules and complete product as wklhctional modules whose selection and combination can
as 2D templates of technical documentation arbe used to configure different product variants within the
developed. The product is configured based on product family [13]. The development of configurable
platform that contains constraints, configuration rulesproducts is based on a product platform that represents a
and interfaces for connecting modules. The CABet of subsystems (components, modules or parts) and
configurator is implemented in commercial softwarénterfaces that form a common structure from which
AutoDesk Inventor. The proposed model has a higitoduct variants can be efficiently developed and
degree of flexibility and universality, can be furthemproduced [14,15].

upgraded and can be integrated into the enterprise In this paper, the CAD configurator for automatic
business system. Model verification is performed on @nfiguration of Modular Strongrooms (MSR) is

large number of practical MSR examples. presented. MSR is a complex and highly demanding
Key Words: CAD Configurator, Modular engineering object that needs to meet a multitude of
Strongrooms, Product Platform different and often conflicting requirements [16]. It is

designed according to the individual requests of the

customer who chooses the resistance grade of the room
1. INTRODUCTION according to the standard EN 1143-1 and defines the
t?@vailable dimensions of the space in which it is necessary
0 place a product. The product architecture is modular

customer requirements (CRs) and to be able to develB d the configuration is achieved by a combination of

products according to individual customer requirementg.andard modules whqse nqmber, d|menS|pns and
This led to the introduction of a Mass Customizatioff angement must be adjusted in each new project. Each

. . MSR is essentially a new product because it has
(MC) strategy [1,2] based on the idea of prOdUCIr;glredefined dimensions in which to fit it and this requires

highly variable products that meet individual custom : : .
requirements with producton costs close to the magaspeatmg all phases of the design process [17]. Classical

production costs [3,4]. One of the main directions fo esign_methods tgke a lot of timg and lead to frgquent
supporting the mass customization paradigm is tHgfrors in construction docgmer]tatyoln that are manifested
development and application of product configuratiqu thg process of making |nd|V|(_juaI modules and

systems (PCSs), also known as product configurators [§§pe0|ally in the process of assembling MSRs [17,18].

7.

The modern market requires manufacturers to )
flexible in product design, to respond quickly to
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In the development of the CAD configurator of MSRknowledge enables automatic decision-making in the
the platform for automatic configuration of MSRearly stages of product development, which sigaiftty
presented in the work of Grkaviet al. [17] is used. affects the final characteristics and costs of gheduct
Within the platform a set of requirements and9].
constraints, a set of modules, connections between Modern CAD systems, when designing parts and
modules, configuration rules and calculation ofibasassemblies, rely on parametric design, which esable
module parameters are defined. easier management of product geometry. In addition,

A general model of the CAD configurator is given inthey have add-ons that enable the implementation of
Section 2. The design, principle of operation andngineering knowledge in the form of design rules,
verification of the MSR’s CAD configurator are which leads to the possibility of designing automat
presented in Part 3. Part 4 is concluding consiiberss  configurators with the help of intelligent templsité&he
and giving directions for further research. intelligent template is a parametric, upgradeahte a

reusable block in a digital prototype that includdisthe
2. GENERAL MODEL OF CAD CONFIGURATOR necessary rules, constraints, parameters and design
offaatures [25].

The development of CAD software has brought the

possibility of integrating 3D models into PDF (knowas

The process of product configuration is a set
activities in the selection of product elementsnira
predetermined set, in order to form a product vesia . :
that meets the set requirements while respectirogvikn 3D PDF), so that users can visually view the 3D efod

rules and restrictions between selected elements aiﬁ' three dimensions, without having to have CAD
modules [19-21]. software but only Adobe Acrobat Reader.

The structure of the general model of CAD

A product configurator is a computer tool (program : . ) ; .
b g P (prog )anflgurators is shown in Figure 1. It consists of:

based on expert systems (ES) or knowledge-basg

systems (KBS) that enables product customization alelhicaI use: inte(;facekz) (GUI)’d product_ﬁ pllatf(])crm,
implementing a product configuration process [12, 2 Intelligent templates, databases and reports i 0
23], technical documentation.

The user of the configurator (salesperson or
customer) enters CRs via GUI. Based on that enlers
basic parameters of the product configuration are
automatically calculated in the product platformheT
utomated CAD configuration process of product sake
ace using intelligent templates, combining and

The task of the CAD product configurator is to
automatically transform customer requirements iato
correct 3D product configuration model, as welltas
generate all the necessary technical documentafioa.
focus of CAD product configurators is to use KBE2

(Knowledge Based Engineering) to transform a desi . .
problem into a configuration problem, using variougdapting predefined 3D models of parts, modulestaad

dimensioning or calculation terms, design rules, dgntire product. AS_ an input, intelligent temp'?‘"ﬂ?‘e
manufacturing constraints [24]. basic product configuration parameters, calculgmldm

The realization of CAD configurators is possible inthe proqluct pla;[fgrDm, agdl bgsed ?n consrt]ralntsgdiul
advanced commercial CAD software that has thetxjtbiliConn.ecuc.)nS an MOdETS, It configures the pro uc
to create, import, calculate and connect parameteds detail with the req_uwed properties. All predefined
constraints as well as to implement configuratior‘?arameters’ constraints, connections, rules, and 3D
knowledge used to manage the characteristics of odels required to configure a modular product are

models [25]. The implementation of configurationStoer in databases.

Configuratol Intelligent templates Technical documentation
user
@ | Parts customizatic | 3D models
Gul Modules —
customizatio Output

I [ee—
Product

confiauratior

Product
platform
Basic * 3D PDF

arametel 2D drawings
customizatio

| Do

Configuration

3D parts and
assembly mode

rules

i |

Fig. 1.CAD configurator structure
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The output from the CAD configurator is technical
documentation, as follows: detailed 3D models abd 2
drawings of the product and all associated modates
parts, 3D PDF product assembly and BOM.

3. CAD CONFIGURATOR OF MSR

The implementation of the CAD configurator of
MSR is performed by linking Autodesk Inventor

Professional and MS Excel to ensure the import of

parameters calculated within the product platfotm.
addition, the Inventor add-on
implementation of knowledge in the form of desigtes
used
geometries, ...) and constraints.

3.1. Designing intelligent templates

The process of designing intelligent templatestiier
automatic CAD configurator MSR is performed in #re
steps:

» design of intelligent 3D parts template,
design of intelligent 3D template of assemblies
modules and MSRs,

design of 2D drawings template.

When designing intelligent templates, leading an
driven parameters are defined in advance, as weHeir
exact mathematical or logical relations. The basi
parameters of all MSR’s modules and other datairedu
to configure the MSR are calculated and recorded
tabular form (Excel file). By importing these parters
at the part, module and MSR level, leading pararsete
are obtained that are further related to othermatars
within the 3D model. The parameters are directiked
so that any change in the value of the parameténén
source table (Excel table) results in an auton@tange
of parameters in the Inventor where all constraand
rules associated with these leading parameterigher
updated.

iLogic enables the

to manage various parameters (topologies,

ba

S4
S3

S1 S2

V4

V3

V2

Fig. 2.Shell profile of module A with dimensional
parameters

Collinear Symmertic

____ Collinear

symmetry

Fig. 3.An example of the geometric constraints in
the 2D sketch

The length of the shell is determined by the legdin
parameterla, which completely defines its 3D model
(Figure 4). A tabular representation of the assmricof

a) Design of intelligent 3D part template several dimensional parameters with leading paremset

The design of the 3D model of the part is realiagd at the part level, is shown in Figure 5.
linking the leading parameters with the elements of
sketches and features, as well as by defining #ségd
rules. The template designed in this way automifica ‘
adjusts the 3D model of the part using leadin \

parameters.
An example of the required dimensional paramete
to adjust a 2D sketch of one feature to form a (srell
profile of module A) is shown in Figure 2 where
dimensionsba andd are leading parameters and othe
dimensions are either fixed or driven (depend awlileg
parameters). In addition to the parameters, gednet
constraints are defined in order to reduce the reurolb
required dimensions as well as to achieve easidr an

faster adjustment process. In the mentioned exawiple  For a fully defined parametrically controllable 3D
the shell (Figure 3), geometric constraints of syatrgn CAD part model, all the necessary operations are

(lines delimiting shaded surfaces) as well as we#rity . . )
and equality (bold lines) were used. defined by means of which 3D geometric shapes are
added or subtracted.

IEIE

v X

e

L
Fig. 4.Connection of shell length parameters
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Parameters |_2§ |
| | | | | | ==
Parameter Mame Consumed by Unit/ | Equation Mominal Value | Tol. Model Value | Key Ex|: Comment
Modei Parameters i | i -
— [
di mm || BendReliefWidth |3,048000 [GEE C
Jdz mm | BendReliefDepth | 1,524000 @ 1,524000 I~ r
A d3 mm | MinimumRemnant |6,096000 O 6,096000 — L
d4 mm | TransiionRadis | 3,048000 ) 3,048000 N IC
1A mm AU Mathematical 2300,000000 o
-4d6 Contour Flangel [mm |3 m . 3,000000 N =
relations betwee—:
- d7 Contour Flangel |mm |0 m 0,000000 o C
| e mm_|| Cor parameters nwwe 0 [T
| - dg mm | Ga , . 3048000 W =
n mm_|JaccbRe/ e ||3,048000 T [zo48000 T Driven
- bA Sketch1 mm |bAu 550,000000 550,000000 §
: O £ parameter
152 Sketchi mm fdAu /5ul 20,000000 [ 20,000000
53 Sketch1 mm | déu /5l 20,000000 %) 20000000 Ll
d Sketch1 mm || dau 100,000000 (" |100,000000 C
| V3 Sketchl mm fdAu/2ul 50,000000 (@] 50000000 L]
| U1 sketch1 deg |90 deg 30,000000 &) s0,000000 N C
| U2 Sketchi deg |90 deg 90,000000 O 90,000000 f I
{51 Sketch1 mm | dau /3l ) — r
dau /3l
54 Sketchi mm uf3ul 33,333333 @ 33,333333 N r
Reference Parameters
- d0 Contour Flangel [mm | Thidness 3,048000 @ 3,048000 r =
H{User Parameters:
— —_—
-l lAu 1A mm | 2800 mm 2300,000000 () | 2300,000000 :
E ) L won§ 1| eading (user)—
bAu bA mm | 550 mm s50,000000 (") |550,000000
| A 54,51,V3,d, ... |mm | 100 mm 100,000000 |() | 100,00000 parameters ||
= 1
Add Numeric | Update Reset Tolerance << less
Link [?] tmmediate Update + E\ Q - Done

B Edit Rule: Pravac podnih i plafonskih

Snippets n

Mode! |F|\E Tree | Files I Options I Search and Replace | W\zardsl

(==

e

e g

System [ Custom |

%

|- Parameters

Features
-Compaonents (dassic)
-iLogic Assemblies /Componen

- Positioning

-iProperties

|- Excel Data Links

iParts

- iIFeatures

-Relationships (classic)

|- Relationships (add)

- Advanced Drawing APL
1+ Advanced APL

4 [ MODULPRIM-D.iam {Custom)
f;r Model Parameters
_f; User Parameters
J& Excel Parameters
i+ 7] Relationships

> b-: Levo od vrata
I % Lamela tipa Al:l
[ % Trezorska vrata:1
> % Lamela tipa E: 1

5 2 Desno od vrata

-

um

Parameters | Mames ‘

Parameter

Equation

1

- Measure =2
- Forms Parameter ("OPE") =
- MessageBox Constraint

1-Document Constraint.I

- Run Other Constraint

- BOM Constraint.IsActive ("
- Math ZTlse —

- Strings | constraine.Isnerive Bl
- Variables Constraint Active ("
- Sheet Metal Constraint.IsActive ("
- Drawing | constraint.Isictive B

Fig. 6.Rule for orientation of floor and ceiling modulesiLogic environment
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b) Design of intelligent 3D assembly templates If ParametefnAL") = 0 ulThen
ComponentsActive("Pattern-left to the door) '= False

Intelligent module assembly templates are obtainetbmponentsActive("Module A:4") = False
by combining pre-designed part templates anHIA'- =1ul
posi@ionjng them using geometri_c constraints anﬁjr?ﬁponentsActive("Pattern—left to the dooy'=True
multiplying them based on the required number af$pa componentsActive("Module A:4") = True
in the module. NAL =nAL
The intelligent MSR assembly template contains aE”FE’;framete(mAl”)_o LThen
the predefined module templa_tes as well as a_II t bmponenisActive("Module A1:1") = False
necessary knowledge, connections, and constramts gise
automatically configure the MSR. All modules areComponentsActive("Module AL:1") =True
positioned based on geometric constraints arili'f‘;”f T OO
dimensional parameters. Logical design rules, whic Orﬁg‘;gn‘z Ective)(,,Patt“e m_ﬁght to the dogy™= False
allow automatic management of parameters, con$staincomponentsActive("Module A'5") = False
connections and other characteristics of the 3D @hodNAR =1 ul
are written in the iLogic module. An example ofesign  Else o _ N
rule that automatically makes a decision on thggmpone”‘SACt!"d,,Pattem'”gh,t {0 the dooy=True
. . . . . ponentsActive("Module A:5") = True
orientation of floor and ceiling modules is showm i NaR =nAR
Figure 6. End|f
Module multiplication on MSR’s sides is performedif ParametdfnAS”) = 0 ulThen _
by directly linking the Pattern operation to thejuized ~COMPOnenisActive('Pattern-lateral sidey'= False

leadi b h dul d ComponentsActive("Module A:1") = False
eading parameters (number of modules and mutu mponentsActive("Pattern-lateral sidey'= False

Front side — modules left to the door

Front side- modules
right to the door

distance). An example of the multiplication of mé&ElA,  ComponentsActive("Module A:3") = False 3
on the front wall right to the door, with previoysl EIIAS =1ul T‘g
; ; ; se o
mported user parametersnAé and bA) is shown in ComponentsActive("Pattern-lateral side-y'= True %
Figure 7. ComponentsActive("Module A:1') = True -
it Component patterm « ComponentsActive("Pattern-lateral sidey"= True
vt ComponentsActive("Module A:3") = True
= NAS =nABS
Column Row EndIf
kBl E E= If ParametdfnAB") = 0 ulThen
oo R / ComponentsActive("Module A:2") = False
§ | &zom 7 ||k ComponentsActive("Pattern-back sid¢'= False ©
NAB =1 ul 2
,,,,,, Else ¥
ComponentsActive("Module A:2") = True g
ComponentsActive("Pattern-back sidg'= True
NAB =nAB
EndIf
. If ParametdtnD") = 0 ulThen
< I ComponentsActive("Pattern-ceiling) = False
. T . o ComponentsActive("Module D:1") = False
Fig. 7.Linking leading parameters when multiplying  componentsActive("Pattern-floor) = False =3
modules ComponentsActive("Module D:11) = False =
ND =1 ul g
. Ise c
Based on the product platform [_17], it was pbserve omponentsActive("Pattern-ceiling) = True 8
that some of the modules sometimes participate aR@mponentsActive("Module D:1") = True 8
[T

sometimes do not (when the number of modules = 0) ComponentsActive('Pattern-floor) = True
the configuration of MSR. For such modules, a desigcomponentsActive("Module D:11) = True
rule is defined which, based on the required nundfer

modules per side, automatically includes/excludes t Fig. 8.iLogic program code for automatic switching

module from the assembly template of MSR. The  “,./6ff of the module from the assembly of MSR
complete code for this rule, for the whole assentdfly

MSR, is given in Figure 8. — A
Inventor, based on the rules, allows automatic gxpo
of MSR model in 3D PDF format, shown in Figure 9.

Fig. 9.3D PDF assembly of MSR
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c¢) Design of 2D drawing template For parts that are designed in the sheet metagjulesi
module, the bent and flat pattern of the part is
long-term and uncreative work, so it is Worthé’l‘utomatically updated in the t(_echnic_al drawing.ririthe
automating. Automated documenta,tion is createdgusin flat pattern, the shape and d|rr_1enS|ons of the_sﬂlatk

: are obtained, as well as the lines and bendingeang|

2D drawing template. CAD software automatically . :
updates every change on the 3D model in the teahni%vfhrlﬁgdz?en At\))eir?i?g;]ulrg tlhoe example of one part (ted s

The development of 2D technical documentation is

drawing.
6 | 5 4 VI? 3 | 2 ! 1
Flat pattern
D 27 20 20 D
T
N ] g 3 2 L
=3
I3
= 11 3
o0
1l ™~
o 600 o
i
— S
17.23 17,23
s |1 36,01
B 3158 5
78,20 74,78
120,81 114,55
135,16 132,33
709,95
0=3mm
2017 Dstum | Prezime Patpis | Broj crteza: Razmera:
Kowr. | 1207, MODULPRIM s
Crtao W, Griovie -
Al Qveria M. Kolarevic] 6-1 OO/1 A
Naziv crteZa: Br. lista
Module's A1 shell Zdane
Primat oprema d.o.0 Baljevac
5 T 5 \ 7 3 T T T

Fig. 10.Technical drawing of modulé shell

configurator correctly modeled the product, modules
parts, and 2D design documentation.

The process of using the MSR CAD configurator For verification of the developed CAD configurator
begins by entering CRs in the GUI, after whiclof MSR, 8 examples of MSR type MODULPRIM 5 were
intelligent templates are started automatically. Bgelected, which dimensions are shown in Table &s&h
running intelligent templates, the basic parameteess examples are practically realized in the previoasqul
loaded, on the basis of which all necessary pants abased on the rules defined by the product platform
modules are adjusted and the MSR assembly developed in Grkoviet al. [17].
conflgured. After that, 2D drawings are adjusted 3Table 1.Basic dimensions of MSR MODULPRIM 5 for
PDF is exported and all documents are saved. selected examples

The configuration of the MSR is performe
according to the pseudo code shown in algorithm 1. CRs

All activities in the CAD configurator are automaite

3.2 MSR CAD Configurator operation algorithm

Example
1| 2] 3] 4] 5] 6| 7] 8
A [mm]=[ 9500] 2050[ 3560] 2200] 2830] 2350] 4430] 2900
3.3 Model verification B [mm]=| 2800 3890 2150 3600 3590( 3975 2150| 8460

The purpose of verification is to assess whether G [mm]=| 2900] 2910} 2500} 2500] 2560 2540| 2680| 2800

product, service, or system meets the set of patifns [D [mm]=|4650| 400 | 1860 506 | 705| 575 2793400
defined by the design. When it comes to the vexifom |E [mm]=] 1200| 1150 1200| 1104| 1200| 1200| 1137] 1200
of analytical methods or simulation models, thg [mm]=]|2110]2110]2105|2110|2165|2155| 2110|2150
verification should check whether it contains diet

necessary components and whether it works as iatend
that is, to answer the question "is the model ma
correctly"? [26]. Accordingly, testing of the CAD d
configurator of MSR require ve_r|f|cat|on that theopuct the correctness of the developed CAD configurator o
parameters, rules, and constraints defined by theugat SR

platform are properly implemented and that the CAIg/I '

The verification process included a comparisorhef t
echnical documentation obtained with the help raf t
AD configurator of MSR and the construction
ocumentation of realized MSRs. Verification comi&d
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Algorithm 1.Pseudo code of the MSR CAD configurator

1.
2.

input CRs in GUI

calculation basic parameters of product configuoati
according to product platform

save basic parameters of product configurationxoed
table

4. open assembly MSBmplate

5. load basic MSR parameters from excel table

6. for i=1:s //for all MSR sides

7. for j=1:p(i) //for all modules per MSR side(i)

8. if module(M) is needed for this arethen

9. open module() template

10. load excel data (basic module(Mparameters)

11. for c=1:rj /ffor all parts in module(ly)

12. open part(G) template

13. load excel data (basic part{p) parameters)

14. dimensions calculation according relation and

load data
15. updateing all part(i) features according to
dimensions and constrains

16. save and close

17. update part() drawing

18. nextc //next part

19. end for

20. updating all parts in module(\

21. parts arrangements (positioning) according to tt
constraints

22. save and close modulg(M

23. update module(M drawing

24. update module(M in MSR assembly

25. arrangement module(ylin MSR assembly

26. patterning (multiply) module(! according to
required number()

27. else if

28. do not open and updating modulgjM

29. disable (delete, suppressed) modulg(id MSR
assembly

30. end if

31. nextj //next module

32. end for

33. nexti //next side

34. end for

35. save MSR template

36.
37.

update MSR drawing
export MSR BOM and 3D PDF

4. CONCLUSION AND FURTHER RESEARCH
DIRECTIONS

The results achieved using CAD configurators
confirm that modern automated configuration systems
are key to the successful implementation of the sMas
Customization strategy and that it is possible mdpce
highly variable products that meet a wide range of
customer requirements, with the product price clmse
the mass production.

The proposed CAD configurator has a high degree of
flexibility and universality, can be further upgestiand
can be integrated into the company's business reyste
Therefore, further work on its improvement will be
focused on:

e improvements and enhancements of algorithmic

structures,

- formation of a single CAD configurator for the
whole MSR family,

« model expansion with special
additional functions (ventilation
routing),

« full integration of CAD / CAPP / CAM system,

« integration of the model into the business system
of the company,

e continuous verification and validation of the
model and

e development
environment.

modules with
and cable

of a collaborative  work

In addition, future research in this area should
explore new possibilities and limits of applicatiohthe
presented concept through the specific applicatibn
developed CAD configurator to a wider range of
products and intensive cooperation with industrial
partners in the environment.
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