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PRODUCT CONFIGURATION USING KNOWLEDGE BASED SYSTEM

Product configuration is focused on achieving cotosatisfaction. Configuration methods should prewious
experiences related to product changes. One afmdthods of storing experiences is elaboration oikedge
bases with the use of proper knowledge representatethod. In the paper identification of customeeds was
discussed, as well as product decomposition methveds presented. The Quality Function Deploymeni}})
method was suggested to be applied as a productpesckss data integration tool, where engineering
characteristic of a product was combined with fedé characteristic. The paper shows that thankiheo
application of knowledge based system in producpioeparation it is possible to support decision imgk
connected with product selection and evaluatiorafparticular customer.

1. PRODUCT CONFIGURATION — GAPS ANALYSIS

One of the strategies adopted by several compasig® manufacture products

according to individual customer requirements Wotln production costs.

Researchers focused on different aspects and neethsagporting product

configuration. Ming et al. [6] presented gaps asialyn the existing concepts supporting
product configuration:

collaborative design portal — lack of design ofruseendly interfaces to enable real
time collaboration,

configurable design — lack of systematic ontologyd aprocesses on product
configuration design,

modular design — lack of systematic technologyeqar@sent, identify, reuse modules
in new product development,

platform-based design — lack of systematic techmpoto represent platform design,
product knowledge management — lack of systematy w0 represent, capture,
organize, share, apply, create the design knowl|edge

lifecycle evaluation and optimization — lack of ®ymatic way to evaluate life cycle
efficiency at an early design stage.

For better, faster, cheaper product developmenm itecessary to reuse previously

designed components and experiences related tontla@ufacturing process. Development

! University of Bielsko-Biala, 43-300 Bielsko-BiaMillowa 2, ipraszkiewicz@ath.bielsko.pl,
http://www.ath.bielsko.pl



Product Configuration Using Knowledge Based System 27

of knowledge based system (KBS) can support prodoafiguration. Storing products
characteristic and product changes characteridi Kelps to find the best solution for the
particular client.

Customer needs identification is the first steppobduct configuration. Customer
needs related to a B2B product can include engimgarharacteristics, as well as trade
characteristics. The engineering characteristiacdude product attributes determining
product usefulness, which include technical procitibutes e.g. power, speed. The trade
characteristics can include e.g. product pricestramty and delivery time. Customer
product characteristics should be transformed ® pihoduct characteristics made by
producers and product structure comes from thoseacteristics. One of the concepts
useful in creating product structure is modulangles

Modularity in product and process design is focusededucing the range of product
parts and manufacturing processes variation. Aacgrtb this concept, the new product
variant used common units. To satisfy customer sieets necessary to analyse product
functions, product structure and the productiorcpss. A change in the product structure
causes several changes in the production system.

2. QFD AS A TOOL SUPPORTING PRODUCT CONFIGURATION

The theory helpful in complex product and procesgetbpment is Quality Function
Deployment (QFD), also known as house of qualitf:DQsupports meeting customer
requirements in product and process design (Fig. 1)
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Fig. 1. Relation between product configuration @D

The QFD matrix (Fig. 2.) [4] determines the relaships between customer needs
(denoted as “what’s”) and design characteristiengded as “how’s”). The top part of the
matrix called a ‘roof’ indicates how design chaeaistics interact. The right part of the
matrix includes assessment of the products. Tlyetdevel of each design characteristic is
presented at the bottom of the matrix [4].
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QFD consists of series of matrices. The first oapresents the relation between
customer requirements and product characteristios. second one describes the relation
between product characteristics and product péhis.third QFD matrix gives information
related to the production process. The fourth aneiges information related to production
process parameters. [1],[4],[7].
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Fig. 2. QFD matrix

Product function deployment generates product &traovhich comes from detailed
design. Product structure represents a productiyfgdneim which a product variant can be
generated. In product structure we can apply compsnand parts which are standardized
and those which require to be redesigned. Compsnerihe presented approach represent
a set of parts which correspond to specific proadaquirements. That component can be
also called a configuration item. To present prodtizicture clearly, the graph method can
be used (Fig. 3) [4].

A graph presents only the dependence between canfmnwhereas product
configuration needs more information. Each componesn be described by a set
of features called attributes which represent tlestnimportant component characteristic
(Table 1) [4].

That product structure can be applied in QFD meti@dtomer requirements can be
transformed into product characteristics with tise of the concept of product modularity.
Each configuration item could be assessed seppaatebrding to the proposed approach.

Target product characteristics defined on the Ibotpart of the QFD matrix can be
achieved by different alternatives. The alternatiye basic QFD are assessed by experts
basing on their experience.
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Fig. 3. Product structure
Table 1. Product components characteristics
Product _ Product attributes
Version

components Prmk1 Prmi2 Pnkz
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The proposed approach to the configuration itensesssnent applies avaluation
indicator calculated according to the formula (h{l aules given in Table 2. The average
grade used for overall variant assessment can loelated according to the formula (2)
[2].[3].[4].

W0z

_ ‘ pmkzt_ pr\fnvsz

zt woz
mkzt

W, 100 (1)
Where:

Wi,t— assessment indicator for product k, attributearant t;

Pt - — target level of design characteristic;

Pmiet. — Offered attribute value.
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Where:
S« — average grade assessment of requirements felffilfor variant t, product Kk,
St — assessment grade of requirements fulfilmentdoiant t, product Kk,
k, — importance weigh of attribute

Table 2. Proposed approach for assessment rules

Assessment indicator Assessment grade
Wizt < Oy, Sth:5
0, < Wy = 0y, §(Zt:4
If 022 < szt < 032 then §(th3
032 < szt < 042 §(Zt:2
0y, < Wiy gz=q
Where Q;, 0,...,04; — bottom and upper values of parametgg w
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Fig. 4. Grades for configuration of item variants

The presented approach helps to identify the inapod of product attribute and
compare product components. Assessment of produtipanents helps to choose the
proper components variant or the variant which sedbe redesigned. The presented
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approach is useful in knowledge-based system stipgordecisions in product
configuration.
The results of overall product assessment are givéime bottom part of QFD matrix

(Fig. 4) [4].

3. KNOWLEDGE BASED PRODUCT CONFIGURATION SYSTEM

Knowledge is a combination of information, expedencontext, interpretation and
reflection [5]. Knowledge base configuration systemfocused on supporting decisions
related to product configuration.

Knowledge based system uses the QFD method as lafdogoroduct variant
identification and assessment. The presented agpioglps to create KBS which supports
product variant assessment.

The creation of KBS needs proper method of knowdedgpresentation, user friendly
interface, methods of knowledge acquisition andfication.

There are many methods of knowledge representadian, rule based systems or
neural network [5]. Rules can be formulated basingexpert knowledge or as a result
of data analysis. Rule based systems are easyptyp @pshell systems. A shell system is
universal software which offered inference engianser friendly interface and helps to
create an explanation which gives additional infation to system users. The use of a shell
system needs knowledge loading related to a p&tipuoblem.

Another method of knowledge representation is rieneswork (NN). NN may be
used for problem modelling where they can be thvia a dataset.

In the creation of KBS the problems are related to:

— what product characteristics should be offerecheogarticular client if enterprise

portfolio does not include the needed product,

— which product from the product portfolio can be Hase for changes,

— what kind of change it is possible to introducéh® existing products.

In the presented approach the following assumptiaere applied:

— the KBS use rules for finding and assessing thet maisable product from the

product portfolio,

— the manufacturing process is well known and a neanufacturing process

requires small changes,

— NN was applied to estimate data related to the fa@twring process for a new

product.

4. AN EXAMPLE OF TOOTHED GEAR CONFIGURATION

The aim of application is supporting decision magkin the field of geared motors
configuration. This KBS is dedicated to customevise.
The range of the presented knowledge base is tintitetoothed gears which are
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components of geared motors.

The presented software used PC Shell and NN siorufedm the Sphinx software
packet and Exel. KBS was built with the use of @mogroducts offered by producers
of toothed gears. This knowledge base system applie based approach, procedures for
knowledge representation and NN. The problems ddbyethis KBS include [2]:

— selection of toothed gears work arrangement,

— selection of toothed gear work coefficients,

— selection of toothed gear variants,

— evaluation of toothed gears variants,

— time consumption estimation of chosen tasks.

Selection of toothed gears work arrangement is au@@p by a graphic classifier,
which uses: work arrangement with two variantsoazontal and vertical one, as well as
type of product structure which distinguishes ralend bevel-helical reducers (Fig. 5) [2].
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Fig. 5. Toothed gear working arrangement

The next step is focused on choosing the type ofhem gear reducers. For that
purpose the engineering and trade data shouldlreiged (Fig. 6) [4]:
data needed for the characteristic of device’s wgrknvironment,
— rotational speed of the driving device,
— rotational speed of the working machine,
- power transformed,
— delivery time,
- price,
- warranty.
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Fig. 6. Selection of toothed gear variants

Basing on the presented data, product variantiae (Fig. 7) [4]
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Fig. 8. Evaluation of toothed gear variants
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The relations between customer requirements andluptocharacteristics were
presented with the use of the QFD matrix made iExcel sheet. On the bottom part of the
matrix target values and products characteristicewmit. On the right part of the matrix
assessment grades for each evaluated product vesenped (Fig. 8). [4]

The data related to time consumption estimatiorandigg product structure change
was made with the use of NN. The learning procésiN and result of data modelling

were presented on Figs 9 and 10.
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Fig. 10. Time consumption assessment

5. CONCLUSIONS

The decision process regarding product configunathich is focused on
compatibility between customer requirements andtional and physical product features
can be supported with the use of KBS.
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Selection of the proper knowledge representatiothatedetermines the effectiveness
of knowledge based system. Methods of knowledgeesgmtation, such as rules and NN
are useful in the presented KBS.

Integration of the knowledge related to customgum@ments, product structure and
the manufacturing process helps in assessing procharacteristics in make-to-order
product offer preparation. The proposed approaes tise QFD method and performs the
simplest searching, comparing, evaluating operatardifferent product variants as well as
missing data estimation related to the productimtgss of product redesign.
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