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Abstract. Growing vehicle variant diversity, legal requirements to reduce fleet CO, emissions and innovations in the area
of drive train technologies, coupled with the increasing pressure to cut costs, pose new challenges for parties in the automotive
sector. An implementation of optimized development and production processes supports the effective handling of these chal-
lenges. One important aspect includes engineering efficiency improvement by optimizing the entire automotive bodywork
development process and the involved data management. Research activities focus on the data exchange processes between
design, simulation and production engineering within various CAx environments. This concerns constantly changing boun-
dary conditions and requirements in the area of automotive body development, including but not limited to the introduction
of new materials and material combinations and new types of joining technologies. From the viewpoint of an automotive
engineering supplier, additional challenges caused by different customer-related development environments have to be con-
sidered. To overcome these challenges, various data exchange strategies between OEMs (Original Equipment Manufacturer),
automotive suppliers and the use of different data management tools need to be investigated. In this context, the paper pre-
sents an approach of an optimized data exchange process of CAD-based data between different CAD (Computer-Aided
Design) and CAM (Computer-Aided Manufacturing) environments that supports the entire body development, including data
provision for manufacturing engineering. In addition, an optimization of data exchange processes saves development costs
and improves the product quality.
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OnHMM U3 BaXHBIX ACICKTOB SBIISIETCS IOBBINIEHHE Y(()EKTHBHOCTH MHXKECHEPHBIX PEIICHUH 3a CUET ONTHMH3AILMH BCETO
npolecca pa3paboTKu Ky30Ba M YNpaBieHHs JaHHBIMH. McciemoBarenbckas JeATEIbHOCTh COCPEJOTOUEHA Ha Ipoleccax
oOMeHa NaHHBIMH Ha dTarax IIPOSKTUPOBAHMS, MOJEINPOBAHMS U IIPOU3BOJCTBA B pa3nHUHBIX cpemax CAx. Dto kacaercs
MIOCTOSIHHO MEHSIOLIMXCSl TPAHUYHBIX yCIOBUI M TpeboBaHUi K pa3paboTKe Ky30BOB aBTOMOOMIIEH, BKIIOYas, TOMHUMO IPO-
4ero, BHEAPECHHE HOBBIX MAaTE€PUAlIOB U MX KOMOWHAIMH, a TaKXKe HOBBIX TeXHONOrHH cOopku. C TOUKH 3pEeHHs MOCTABIIHKA
ABTOMOOMJIBHOM TEXHHUKH, HEOOXOINMO YUUTHIBATh JONOIHHUTEIIBHEIE ()aKTOPBI, BEI3BAaHHBIE PA3IMYHBIMU CpeJaMH IIPOBE/e-
HUS pa3paboTKH, KOTOpbIe OOYCJIOBICHBI MOTPEOHOCTAMH MOJIb30BaTeIsl. UTOOBI pEeMIMTh 3TH HPOONEMBbI, HYKHO H3YYUTh
crparernn odmena maHHeIMH Mexny OEM-mpomssomurensimu (OEM — mpon3BOOHUTENs OPUTMHATEHOTO OOOpPYIOBAHHUS)
U MOCTaBIHKaMH aBTOMOOMIIEH ¢ MCIOIb30BAHUEM PA3IMYHBIX HHCTPYMEHTOB. B cTaThe mpeacTaBieH ONTHUMH3UPOBAHHBIN
nponecc oOMeHa JaHHBIMK Ha ocHOBe CAD (koMmBIOTepHOE MPOEKTHpOBaHNe) Mexay pasanuansiMu cpenamu CAD u CAM
(KOMIBIOTEPHOE MPOU3BOJCTBO), KOTOPHIN MOAAEPKUBAET Pa3paboTKy BCEro Ky30Ba, BKIIOYAs NMpeNOCTaBlIeHUE HEoOXoau-
MBIX TOKa3aTeJIed Uil IMPOU3BOACTBEHHOrO IMKiIAa. KpoMe Toro, onmrmmmsamusi HpOIECCOB OOMECHA AAHHBIMH IIO3BOJISIET
YMEHBIINTb 3aTPATHl HA Pa3pabOTKy U yIy4IINTh KAYECTBO MPOLYKIHH.

KiroueBble cj10Ba: onTUMHU3alus Npolecca KOMIIBIOTEPHOTO NPOSKTUPOBAHMUS U IPOU3BOJCTBA, 0OMEH JaHHBIMH, pa3paboT-
Ka aBTOMOOMJIBHOT'O Ky30Ba, TEXHOJIOTHS COCIHHECHHS

Jist uurupoBanus: Kpaiic, A. OnTHMH3MPOBaHHbIH IpolLiecc OOMEHa JaHHBIMH B IIEPHOJ MEXKAY IIPOCKTHPOBAaHUEM H TIPO-
usBozactBoM / A. Kpaiic, M. Xupu // Hayka u mexnuxa. 2020. T. 19, Ne 1. C. 5-11. https://doi.org/10.21122/2227-1031-2020-
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Introduction

In order to be able to counteract the progres-
sive requirements in the automotive industry, the
development processes must be continuously adap-
ted. An increasingly important aspect for automo-
bile manufacturers and suppliers is the production
of climate-friendly vehicles. Besides others, this
adaptation affects vehicle body development and
manufacturing processes, including all materials
used. For some time now, the so-called “multi-
material body design” has been used. Multi-
material body design is considered in such a way
that a combination of several materials is used
to create the BIW (Body-in-White) with the target
to reduce weight [1, 2].

In addition to these material-heterogeneous ve-
hicle bodies, pure steel bodies (e. g. for low-budget
cars) and pure aluminum bodies (e. g. Audi A8 [3])
are also used, which leads to a wide range of dif-
ferent body architectures and associated material
combinations. The mentioned change in the area of
materials simultaneously leads to a change in the
area of the required joining technologies [4, 5].
While a pure steel body is mainly joined by spot
welds and seam welds, other material combina-
tions, in particular multi-material body design, use
additional types of joining technologies [6].

Besides the application of different types of
joining technologies, the various automobile manu-
facturers (OEMs — Original Equipment Manufac-
turer) also have their design-related preferences.
Since a wide range of joining technologies is used,
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the automotive industry has to face new challenges
in the areas of creating and managing joining tech-
nology data, as well as the exchange of these data
and metadata between different disciplines and
systems of computer-aided design and engineering
disciplines (CAx — Computer-Aided x, where x
serves as a placeholder).

This paper provides an approach of an opti-
mized data exchange process of CAD-based
(Computer-Aided Design) joining technology data
between the engineering disciplines design and
production (CAM — Computer-Aided Manufactu-
ring). Furthermore, this article gives an overview
of the state-of-the-art of body development pro-
cesses and derives the increased requirements for
the management of joining technology data.

Problem statement

Due to the mentioned changes in the field of
automotive joining technology, there are no uni-
form processes for the exchange of joining tech-
nology data. In order to ensure an optimized data
exchange process, the creation and administration
of joining technology data (takes place in CAD en-
vironments), the data exchange process and the inte-
gration of data in target environments (e. g. CAE
(Computer-Aided Engineering), CAM environ-
ment) must be considered.

Joining technology data contain all informa-
tion required for the creation of joining technology
elements in CAD environments. This includes all
parameters and meta information that are required
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in other CAx environments and are, therefore, rele-
vant for the data exchange. Each joining technology
element is assigned a position vector (x-, y-, z-Coor-
dinates), the type of joining technology (e. g. spot
welds, bolts, rivets, adhesives...), the parts to be
connected (e. g. part number, part thickness, mate-
rial...) and additional parameters (e. g. diameter,
normal direction...). The additional parameters are
usually tailored to the joining technology element
(e. g. a diameter of the spot weld, the thickness of
the weld seam, the normal direction for rivets,
thread dimensions for screws...) [7]. In addition,
joining technology data must be distinguished from
geometry data in CAx environments. Geomet-
ry data contain information that describe the com-
ponents (e. g. metal sheets) of the vehicle body
(e. g. geometric dimensions, material, center of
gravity...).

Due to the lack of standards (data formats, data
structure, tools for creation, administration and
distribution) in the area of joining technology da-
ta exchange, there is a gap in the data management
processes. The existing gap in the management of
joining technology data occurs in both, internal and
external data exchange processes.

Internal data exchange processes cover the en-
tire spectrum of data exchange in different CAx
environments of one company (e. g. OEM, suppli-
er...). On the other hand, external data exchange
processes have to integrate at least two separate
data management environments. While OEMs
mainly concentrate on the internal data exchange
process, suppliers have to consider both internal
and external processes.

For automotive suppliers, it is of great im-
portance to record and implement the occurring
boundary conditions for external data exchange
processes effectively. In order to clarify the re-
quirements in data exchange, possible variants
of development projects are subdivided into two
types in view of the exchange of joining techno-
logy data.

The first type includes projects where all
processes are handled internally in one company.
This means that the creation of the joining techno-
logy data and the associated meta information take
place completely in the internally CAD environ-
ment. The data exchange process from CAD to the
target environment is carried out by using internal
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tools and methods. This results in a homogeneous
situation (i. e. path of the data exchange process is
always the same) with regard to data exchange.
Finally, the joining technology data are integra-
ted into the CAM target environment, so that fur-
ther steps of manufacturing engineering are sup-
ported with the required information.

The second project type contains projects
where the creation and administration of joining
technology data take place partially or completely
in an internal CAD environment, while the target
environment is placed at another company exter-
nally. For this reason, one or more CAD environ-
ments (at least one is externally placed) participate
in the entire data creation process. Since joining
technology data can be created in more than one
CAD environment, a heterogeneous data exchange
process may occur in this case. This has an impact
on the used data exchange file formats and data
exchange strategies between the involved compa-
nies. Finally, the externally created joining tech-
nology data must be integrated into the tar-
geted CAM environment.

In order to close the mentioned gap in joining
technology-based data exchange, this paper pro-
vides an approach for an optimized data exchange
of joining technology data for the different intro-
duced use cases.

Automotive body design

As prior stated, the development of automotive
bodies (BIW), including but not limited to the topics
body architectures, crash-, strengths- and durability,
materials and joining technologies, has changed over
the last decades [6, 8]. The change in this field
is mainly driven by the issues of vehicle safety,
weight management and cost reduction. Exemplary
an aluminum vehicle body can save up to 40 %
in weight compared to a steel body, taking into
account similar stiffness and strength values [1, 3].

To enable balanced optimization, the “multi-
material body design” approach has been around
for some time now, as it enables weight sa-
vings, under consideration of material costs targets.
The following Tab. 1 shows the distribution of ma-
terials used in exemplary modern car bodies (ma-
nufacturing year 2016) [9-11].

As can be seen in Tab. 1, modern vehicle bo-
dies can be made of several materials. As a result,
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the field of joining technology has become much
more complex in terms of the use of new types
of joining technology and the number of joining
technology elements applied (Tab. 2) [12].

Table 1
List of BIW materials of exemplary selected cars

Material Volvo V90 | Peugeot 3008 | Aston Martin
[9] [10] DBI11 [11]
Aluminum, % 6 5 53
Standard steel, % 27 27 5
High strength 3
steel, % 67 62
Synthetics, % 65 42
Table 2
List of used joining elements of exemplary selected cars
Type of joining | Volvo V90 [Peugeot 3008|Aston Martin
technology [9] [10] DBI11[11]
Spot welds, pcs. 5250 4157 -
Rivets, pcs. - - 1278
Clinches, pcs. - 14 -
Weld studs, pcs. 247 83 -
Screws, pcs. - - 52
Seam welds, m 93 150.29 -
Adhesive lines, m 79.4 20.22 152

Due to the increasing complexity in body de-
sign, material definition, manufacturing processes
and joining technologies, the complexity and data
volume in the development of automotive bodies
is on the rise. In this context, effective data ma-
nagement processes must be introduced to ensure
that all information between the different CAx en-
vironments is processed and transferred effectively
and without unwanted losses. These exchange pro-
cesses of CAD-based joining technology data in-
clude the usual suitable data formats and tools ap-
plied to support the exchange processes [13, 14].

With the main focus on joining technology da-
ta, information can be exchanged either as native
CAD data (e. g. CATIA [15], NX [16]), or by
using neutral data exchange formats (e. g. list-based,
XML-based [17], JT (Jupiter Tessellation) [18],
STEP (Standard for the Exchange of Product Model
Data) [19], etc.). Above all, interfaces have to be
created for external data exchange (e. g. bet-
ween OEM and supplier), so that the involved data
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exchange file formats can be integrated success-
fully.

Approach

As previously mentioned, it must be ensured
that both internally and externally created CAD-
based joining technology data can be integrated
into optimized data exchange processes (Fig. 1).
Besides geometry-based data in native or neutral
formats, joining technology data can also be avail-
able in neutral list-based formats (e. g. Excel file)
or XML-based formats — depending on the agreed
data exchange strategy of the involved companies.
Because of the different input sources (file formats,
file structure) available and the associated diffe-
rent data structuring, there is a high additional ef-
fort in the preparation of data for the CAM envi-
ronment.

CAD environment CAD environment
(internal) (external)
A
| \ J

CAD CAD
native native

v

Joining Technology Converter

xlsx XML

XML

v

CAM environment
(internal)

Fig. 1. Approach of the optimized data exchange process
for joining technology data

This high expense results from the fact that
the different input data must be prepared manually
on a uniform data structure. Using a uniform data
structure or a uniform data exchange format
has the advantage that the data exchange pro-
cess runs the same at all times. This can reduce
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the preparation time in the target environment sig-
nificantly. Expenses that increase the preparation
time include, among others, restructuring of input
joining technology data and clearing and adjusting
unneeded information and parameters.

A simple example of a joining technology ele-
ment, a spot weld, is used to illustrate these ex-
penses. When creating a spot weld in CAD envi-
ronments, information such as geometrical depic-
tion, coordinates, diameter, height, weight, normal
direction vector and parts to be connected is
created. The target environment (e. g. CAM) only
needs the coordinates, diameter, normal direction
vector and part to be connected. Since further in-
formation is not needed or even undesired (leads to
larger simulation models), the data must be pre-
pared for each joining technology element.

In the present approach, the common data for-
mat XML (Extensible Markup Language) is used
in the optimized data exchange process. XML
combines the advantages of lean design, simple
integrability in different tools and systems of
the target environment as well as simple editabi-
lity (if necessary). A leaner design of the data to be
exchanged results from the fact that unneeded
information and parameters are filtered and thus
not transferred during the exchange, which reduces
the amount and size of exchanged data.

The approach requires the implementation
of an interface, which converts the data from the
source formats into the used data exchange format
(XML) of joining technology data. This interface is
designed in such a way that it is a tailor-made tool,
named “Joining Technology Converter”. This tool
can collect, merge and convert both internally
created data (CAD environment internal — CAD
native) and externally created data (CAD envi-
ronment external — CAD native, XML-based and
list-based). Since neutral geometry-based exchange
formats (e. g. JT, STEP...) are rarely used for
joining technology data, they are not considered
in the approach of the optimized data exchange
process.

In case that some parts of the joining techno-
logy data are internally, and some parts are exter-
nally available (created), the tool “Joining Tech-
nology Converter” offers an additional function.
In this function it is possible to integrate the origi-
nally externally created joining technology data
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(source file either CAD native, list-based or
XML-based) into the internal CAD environment.
Thus, the 3D-CAD model can be completed in ad-
dition to further processing of the joining techno-
logy data in an XML file. Due to the use of this
function, the complete joining technology data are
available both in the internal CAD and CAM envi-
ronment.

Application of the approach

The application of the newly introduced ap-
proach of optimized data exchange for joining
technology data is shown by means of an exemp-
lary data exchange procedure, which can be as-
signed to real projects in the automotive industry.
In this scenario, the CAD-based joining techno-
logy data are exchanged between an OEM and
a Tier 1 supplier. Furthermore, parts of the joining
technology data are created internally (CAD envi-
ronment of the Tier 1 supplier). The production
of the vehicle body takes place after the successful
data exchange and after fulfilling all CAM-engi-
neering — related tasks (e. g. space analyses, acces-
sibility checks for tools to create joining elements,
planning of optimized production processes, cal-
culation of processing time for joining elements,
creation of an optimized joining sequence...) at the
supplier.

Fig. 2 shows the application of the approach
of optimized data exchange process of joining
technology data. As a leverage point it can be as-
sumed that the entire geometry data (e. g. geomet-
rical characteristics, dimensions of the sheets, cen-
ter of gravity, material...) are provided in the inter-
nal CAD environment.

Parts of joining technology data have already
been created by the OEM and are exchanged by
using Excel files. By using the tool “Joining Tech-
nology Converter” the available data are fur-
ther processed into two different data formats. Once
the external joining technology data are con-
verted into an XML file, it can be transferred to
the CAM environment. A further conversion of
the external joining technology data into a native
CAD file is necessary so that the 3D-CAD model
can be extended with the external joining techno-
logy data.

In the present exemplary project, the creation
of the remaining CAD-based joining technology
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data takes place in the internal CAD environment
of the automotive supplier. As soon as the comple-
tion of these joining technology data is finished,
the conversion of these native data into a neu-
tral XML file takes place by use of the tool “Joining
Technology Converter”.

CAD environment CAD environment
(internal) (external)

A
Y easneny Y
CAD CAD xlsx
native native
(internal) (extermal)

e

Joining Technology Converter

Y

CAM environment
(internal)

Fig. 2. Application of the approach of optimized data
exchange for joining technology data in projects
between different companies, e. g. OEM and supplier

Since the complete joining technology data are
now available in XML file format, the data can be
integrated into the CAM environment. As men-
tioned before, the joining technology data are pre-
pared in such a way that they only need to be in-
serted into the corresponding processes. For this
reason, no further data processing steps are neces-
sary. Since the integration of geometry data takes
place parallel to the integration of joining techno-
logy data, all necessary CAM — related engineering
procedures can now be started effectively.

CONCLUSIONS

1. The current existing gaps in the data ex-
change of joining technology data is leading to
increased efforts and expenses in the area of data
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management. These gaps are mainly caused by
missing standards, as well as the high number
of different exchange procedures applied. In this
context, the present paper introduces an approach
to close the gap in data exchange of joining tech-
nology data. Both internal and external data ex-
change possibilities as well as boundary conditions
(e. g. data exchange file formats, data structure...)
are considered.

2. In summary, it can be stated that the intro-
duced approach of optimized data exchange pro-
cesses of joining technology data can be applied to
a large variety of projects. The optimized approach
is flexibly designed so that it is possible to react
quickly to new occurring requirements or boundary
conditions (e. g. additional data exchange file for-
mats, new types of joining technology, new pa-
rameters...).

3. Due to the implementation of process uni-
formity, the amount of information to be trans-
ferred is minimized. The reason for this is that
the interface tool “Joining Technology Converter”
only exchanges data required in the target envi-
ronments. This leads to a shorter preparation time
of data in the target environments and increases
the efficiency in data management [20].

4. The presented optimized joining technology
data exchange process provides a good starting
point for a smart integration of knowledge-based
design methods and design automation into car
body development.

5. In practical investigations in automotive
engineering projects, the application of the opti-
mized data exchange process enabled a time re-
duction of up to 25 % per CAM simulation loop.
The optimization was achieved is mainly due
to the fact that data conversion is used (tool
“Joining Technology Converter”) to reduce data
exactly to the required data level. Thus, the prepa-
ration time of the joining technology data in the
individual CAx environments can be massively
reduced.

6. Since in typical car body development pro-
cesses several optimization loops are performed,
optimized data management enables considerable
time and cost savings, which also supports earlier
market launches of newly developed vehicles and
their derivatives.
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