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Abstract Complex product development process in global camesausually
consists of several stages involving differentwafe systems and numerous users
from various departments and centers. Automatiahisfprocess assumes chang-
es in company’s workflows, data models and softveitems used. As a result,
implementation of such changes in large compargessf a lot of difficulties be-
cause business process cannot be stopped to dwitaleen old and new work-
flows, old and new software systems, etc. The pagaesents an ongoing long-
term project aimed at knowledge management for ifauel complex product
development at Festo AG&Co KG. It is based on #hatral product ontology de-
scribing product classification, their propertiesl aconfiguration & compatibility
restrictions. The developed system complex sigaifily simplifies and speeds up
the process of product development and maintenance.

Keywords product knowledge management, product design, complex gtodu
configuration
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1. Introduction

Current trends in the worldwide economy and indrepgcompetition require
companies to propose not only new products but evinmlegrated solutions to
their customers. Such solutions might consist oftipla physical devices as well
as services. One of the consequences of this saappce of “complex products”,
which consist of other products (both regular peisand complex products) and
often include software units using different seegic

Another strategy that brings companies and theitaguers in a closer collabo-
ration is innovation democratisation. This is atigkly new term standing for in-
volvement of customers into the process of desggaind creating new products
and services. This makes it possible for compatudsetter meet needs of their
customers. (Hippel, 2006)

Modularisation is one of the keys to carry out masstomisation and innova-
tion democratization strategies with low cost (Eg2004; Sharda and VoR3, 2005).
Module is a result of disassembling functions architecture of the product. It
can provide the end-products in wider scope whéerelasing diversification in
product components.

In this situation the previously developed PLM mestisms and workflows
supporting products from the design phase to puttiem to the market and fur-
ther has appeared to be inefficient. As a reshidire was a need to design new,
knowledge-based workflows and supporting softwgstesns to increase efficien-
cy of designing and maintaining new product randgl@sowledge-based PLM is
currently a critical and strategic issue (Bernand dichkievitch, 2008) and the
company recognizes this (e.g., Smirnov and Sh26,1).

However, implementation of such changes in largapamies faces many dif-
ficulties because business process cannot be stdppswitch between old and
new workflows, old and new software systems havbeupported at the same
time, the range of products, which are alreadhérharkets, has to be maintained
in parallel with new products, etc. Another problsnthat it is difficult to estimate
in advance which solutions and workflow would bécéént and convenient for
the employees. Hence, just following existing PLfaplementation guidelines is
not possible (also confirmed by Bokinge and Malmgv2012), and this process
has to be and iterative and interactive.

The paper represents an ongoing long-term projextchat knowledge man-
agement for multi-level complex product developnmenEesto AG&Co KG com-
pany that has more than 300 000 customers in lé6tiges supported by more
than 52 companies worldwide with more than 250 thaoffices and authorized
agencies in further 36 countries.

Fig. 1 represents the developed multi-level knoggethanagement concept for
complex product development, which is the corehaf described project. The
black rectangles have been already implementedtendppropriate tools are in-
dicated (grey areas).



Customer level defines
Customer Customer needs
Part-of

CONSys

Festo knowledge level
esto knowledge leve mapto ‘ ) Part-of

Context Requireme |

is-a is-a
define |
|

Knowledge Requirements o is-a ‘

Sources aluesdoma CONFig | described by

connects ontam‘L Part-of
Ontolog g e

Knowledge Map
connects
NOC & CONCode ‘

Configuration level

‘ Part-of

produces
‘ Is-a

Atomic configuration operation

| Configuration process

Part-of T Part-of,ls-a¢ Impwe%nents

Configuration procedure
e.g., performedin PAA

Configuration operation ‘

Part-of |

Fig. 1. Multi-level knowledge management for complex prctcilevelopment

The major product ontology is in the center of thedel. It is used to solve the
problem of knowledge heterogeneity and enablesdpgrability between hetero-
geneous information sources due to provision af t@mmon semantics and ter-
minology (Uschold and Gruninger, 1996). It descsiladl the products (produced
and to be produced) and their features (existird) @ossible). This ontology is
supported by two tools addressed in sec. 2: NOCw(N@rder Code) and
CONCode (“old code”, CON is a prefix based on teerse acronym of New Or-
der Code). Building a knowledge map that connelois ontology to different
knowledge sources of the company is yet to be addok

The configuration level has also been addressed gantially so far. The tool
called CONSys (SYStems of products) supports aeaif configuration models
of complex products and solutions (sec. 3). Coméijan models include their
structures as well as different rules responsibtecbmplex product consistency
checks, technical data calculation, etc. The suppbthe configuration process
design (the left lower part of the figure) has beén implemented yet.

Based on the built configuration model the proadssomplex product or solu-
tion configuration in accordance with given reqments can be automated. This
is done via the tool called CONFig (CONFIGurati@dressed in sec. 4. So far
this tool supports the configuration process irmterused within the company
(Festo knowledge level). In reality, the customars used to operate different
terminology (Customer level), which doesn’t corr@sg “one to one” to that used
within the company. Besides, customers from difieradustries can also operate
different terms. As a result, there is a need &aier configuration tools that can
map customers’ requirements to those used in thgpany taking into account the
context (customer’s industry segment, history aftemer’s orders, etc.). This is
the goal of the future research.
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2. Product Ontology

The developed approach is based on the idea tlatl&dge can be represented
by two levels. The first level describes the stpetof knowledge. Knowledge
represented by the second level is an instantiatidhe first level knowledge; this
knowledge holds object instances.

The knowledge of the first level (structural knodde) is described by a com-
mon ontology of the company's product families §sés). Ontologies provide a
common way of knowledge representation for itshfertprocessing. They have
shown their usability for this type of tasks (eBradfield et al., 2007; Chan and
Yu, 2007; Patil et al., 2005)

The first step to implementation of the approaclermation of the ontology.
This operation was done automatically based ortiegislocuments and defined
rules of the model building. The resulting ontologgnsists of more than 1000
classes organized into a 4 level taxonomy, whidbaised on the VDMA classifi-
cation (Verband Deutscher Maschinen- und Anlagenli@erman Engineering
Federation, VDMA, 2013). Taxonomical relationshigpgpport inheritance that
makes it possible to define more common attribfeshigher level classes and
inherit them for lower level subclasses. The saameriomy is used in the compa-
ny's PDM and ERP systems.

For each product family (class) a set of properfatibutes) is defined, and
for each property its possible values and theiresaate defined as well. The lexi-
con of properties is ontology-wide, and as a rabeltvalues can be reused for dif-
ferent families. Application of the common singlet@ogy provides for the con-
sistency of the product codes and makes it posgildleflect incorporated changes
in the codes instantly.

The ontology is multilingual. Each class and atttébcan be assigned names in
different languages so that specialists from déffercountries could work simul-
taneously preserving consistency of the ontology.

The selectable properties can be communicatedetaubtomers with so called
configuration solutions or product selectors. Thiesds can be used in electronic
catalogues and online shop systems. As a resutieva product codification
scheme based on product families and charactaristis been developed (Oroszi
et al.,, 2009). For companies with wide assortmesftproducts (more than
30 000 — 40 000 products of approx. 700 types, wéttious configuration possi-
bilities) it is very important to ensure that cusgrs can easily navigate among
them. This is an important task for customer comication management because
well defined and understandable product identificats mandatory for ensuring
good corporate look for the company (Baumeiste®22®jermestad and Romano,
2002; Piller and Schaller, 2002). The system shdadrganised in such a way
that would ensure the uniqueness of the code anaiidity. The resulting code is
supplied into the company’'s PDM and ERP system.

The described above ontology provides rules forctigification system in the
following way. For each class a number of attrisute assigned in a certain se-
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quence. This sequence of attributes forms a
template for codes of products belonging to
the appropriate product family. For each

product the properties are replaced with

codes of their values corresponding to the
particular product to generate its code.

For example, the DSBC series is a fami-
Fig. 2. DSBC product: a pneumatic drive 1Y Of pneumatic drives with a single mov-

ing rod (Fig. 2). There are 35 different

properties with each between 4 to 10 val-
ues. Customer and engineers can select from thegperties and values. Some
combinations of different properties and valuesrastallowed because they are
technically impossible.

Typical properties of the DSBC series are “lockingend positions” and “spe-
cial antifriction features”. Their possible valum® presented in Table 1.

Given code template consisting of a delimiter drelabove two properties, the
following codes can be built:

- Standard (no locking, no antifriction featurd3gBC

- “Extend / retract” (locking in both directionshé@ no antifriction features:
DSBC-E1

- “Extend / retract” and “Low friction”: DSBC-E1L

Fig. 3 represents a fragment of the real code selfemthe DSBC series. In-
heritance of more common properties from higherrarabstract classes ensures
that for different branches of the classificatibe sequence of common properties
will be the same that simplifies the code intergtien.

After finding the desired product based on its ertips, the set of selected
properties is translated into a product code basethe existing code scheme of
its class (product type). After transmitting theguct code to the company, the
customer receives an order confirmation listingesield product properties. The
confirmation is generated with the company’s ERBtay, which uses code
schemes to translate product codes into the piiepart product.

Table 1: Compatibility table

Value Code Value Name Description

Locking in end positions
Without (Standard) the most common choice, noitagkn end positions

El Extend / Retract locking is applied in both diifens of movement
E2 Extend locking is applied in the direction ofension
E3 Retract locking is applied in the directiorretraction

Special antifriction features

None / Normal typ the most common choice, no special antifricticatiees
L Low friction product with reduced friction

Slow speed product oriented to slow movement
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Class: [01.01-02-03 DSBC Series C

1 b It Name | | Code | Value Name Ranges
©| || || Productline _A] L) “Without (Standard)
@[ || ]| Design 9 E Extend / Retiact
Q D |:| - @|E2 Extend
@] || || Protection against rotation J . E3 [ Retract
@! || || Reinforced piston rod | [
Clamping unit
cking in end pe
°|:| D Special running features
@I 1171 Function drives =l
- | | Protection against rotation | | Clamping unit | |Lockingin end positions | | Special running features |- | Boresize |- 4
| |None :Withuu! [S!andard]: :W’ithuu! (Standard) :Nune / Nommal type :32 :32 mm
|3 [With |C |Attached |E1 |Extend / Retract |L | Low friction | |40 [40mm |
|E2 |Extend S | Slow speed 50 |50 mm
|E3 |Retract 63 |63 mm

oNn__ 0N rmee

Fig. 3. Code scheme for the DSBC series (a fragment)

3. Complex Product Configuration Rules

As it was already mentioned, today, the customesmd to buy complete custom-
ized solutions (referred to as “complex product3psisting of numerous prod-
ucts, rather than separate products. Before, thglex products were configured
by experts based on the customer requirements.yJdtliess process requires
automation. However, inter-product relationships aery challenging. For exam-
ple, the most common use case is the relations#tipden a main product and an
accessory product. While both products are derfieah different complex prod-
ucts there are dependencies which assign a ca@teetssory to a configured main
product. The dependencies are related to the pteidindividual properties and
values. E.g., "1x3/2 or 2x3/2-way valve” cannotibstalled on a valve terminal if
its size is “Size 10, deviating flow rate 1". Thepth of product-accessory rela-
tionships is not limited, so accessory-of-accessmybinations have also to be
taken into account. The relationships can be vemypaiex when it comes to define
the actual location and orientation of interfacesl anounting points between
products.

Complex product description consists of two majart@ product components
and rules. Complex product components can be th@woag: simple products,
other complex products, and application data. Téteo$ characteristics of the
complex product is a union of characteristics sfadbmponents. The rules of the
complex products are union of the rules of its congnts plus extra rules. Appli-
cation data is an auxiliary component, which isdufse introduction of some ad-
ditional characteristics and requirements to thedpct (for example, operating
temperatures, certification, electrical connectieta,). They affect availability and
compatibility of certain components and featuresdéfined rules.
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Fig. 4. Solution rules example.

Some example rules are shown in Fig. 4. The figepeesents a valve terminal
(VTUG) and compatibility of electrical accessorgstion C1 (individual connect-
ing cable) with mounting accessories (compatibley @rith H-rail mounting) and
accessories for input-output link (not compatiblghws pin straight plug M12).
These rules are stored in the database and cateoeised during configuration of
the valve terminal for certain requirements.

4. Product Configuration

When the configuration model is finished it is pospd to the customers so that
they could configure required products and solgittiemselves or with assistance
of product managers.

An example configuration interface is presente#lim 5. The figure represents
the mentioned above valve terminal VTUG with anctleal control module
CTEU. The user can choose values (from drop dosts, loutlined in Fig. 5 with
bold dotted line) for different properties (rows time table). Depending on the
choices other properties either selected autontigtichsabled or become hidden.
This is done on the basis of the rules describemhglthe complex product defini-
tion. The rules are processed “on the fly”, i.esasn as the user chooses a value,
all other values are checked for consistency imatetyi.
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Fig. 5. Product configuration interface: an example

Integrated Workflow

So far developed integrated knowledge managemenifivay is presented in Fig.
6. At the first stage the major product ontologyfilled with generic classifica-
tions of products and their components. This isedeia two tools (NOC and
CONCaode) since recently developed order code schiifiees from that used be-
fore. However, since multiple customers are useoptrate with the old classifi-
cation it has to be maintained.

At the next stage the product managers and modaésign new products and
solutions based on existing products and compor{gr@sCONSys tool). If a new
product or component is needed, its implementat&onbe requested from the or-
der code structure team. Together with new prodactssolutions, the appropri-
ate rules and conditions are designed as well, @cgeptable load, size, compati-
bility constraints, etc.).

When the configuration model is finished it is pospd to the customers so that
they could configure required products and solittremselves or with assistance
of product managers (the CONFig tool).

Conclusion

The paper presents a long-term ongoing project diiatantroduction of product
knowledge management for different stages of fexyicle. The systems signifi-
cantly simplify and speed up the process of prodigstelopment. The technical
options presented by the product manager and dexedye converted into order-
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relevant options. As most of the characteristios lsa used again, only new op-
tions must be discussed and entered in the sy&esides this, the error risk has
been significantly reduced.

The major advantages of the developed systemsystmatic order codes for
all products; machine readability; quick orientatifor selecting right products
and services; security when selecting and ordgrninducts and services.

One other advantage is the reusability of the dEtte. structured data are used
in other processes such as:

- Automatically creating master data in SAP models;

- Automatically creating data for the configuratimedels and services;

- Automatically generating an ordering sheet far fhint documentation (this
ordering sheet was generated earlier with high edipere manually);

- Automatically generating a product and servig VWhich is needed in the
complete process implementing new products.

Fig. 6. Integrated workflow
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