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Abstract: Product configurators are a widely used toolR1/XCON was implemented as rule-based configurator
to let customers specify an individual variant that bedbr VAX data processing units. Rule-based means that it
fits to their requirements. The basis for this is a produatas constructed by IF-THEN-ELSE statements [11]. The
model that has well defined degrees of freedom arsystem was active for about nine years and contained at
options and so describes the possible solution spadts end more than 17.500 rules and more than 31.000
Related to this are design automation systems that aim@mponents as building blocks for configuration [12]. In
automating the design process in order to mimic humahe beginning of the 1990ies, XRAY, a configurator for
designers and assist them in routine design activities:ray systems, was implemented based on the PLAKON
While a lot of configurators and design automatiorexpert system shell which used constraint satisfaction
systems is settled in the field of business to consuntechniques as knowledge model [13]. The special feature
applications, some implementations for complex goods XRAY was its ability to jointly configure product,
like in plant engineering are reported. The presensoftware as well as service features and so can be
article reports about a design automation system farnderstood as an early instantiation of configurable
trash rack cleaners which are wused in wateproduct-service systems [14].

management. The basis for the system is a knowledge-The aforementioned systems were documented in an
based engineering system which uses spreadshestiensive way, including descriptions of the underlying
constraint and macro technology to create a fullknowledge models, reasoning mechanisms and

detailed CAD model of the trash rack cleaner. architectural considerations. Although today’s computer-
Key Words: Design Automation, Product aided design systems allow for integrating KBE without
Configuration, Knowledge-Based Engineering, Trash the necessity of using specialized software, there is only
Rack Cleaner a limited number of applications reported from e.g.
aerospace and automotive engineering or niche design
1. INTRODUCTION activities like fixture design [15, 16]. Focusing on

' . etailed application examples, the number of
Product configurators are a widely used tool to Iel lementations that exceed simple machine element
customers specify an individual (product) variant that"'P P

best fits to their requirements [1]. Applications rangé?asrseemb“es’ single parts or conceptual product models is

from online sales configurators for clothing, furniture This article aims at contributing to close this aap and
and cars to configurations systems for industrial good . X 9 ) gap ar
Iscusses the implementation of a design automation

[2]. Technical product configurators are usually linked tsgstem for trash rack cleaners which are used in water

a design system and deliver an artefact description like . .
biII-of-?nateyriaI a virtual product model or peven alndu_stry. _The basis for t_he system is a knowledge-base_d
complete set o'f production data [3] engineering system which uses spreadsheet, constraint

The basis for configuration systems is a produ&nd macro technology to create a fully detailed CAD

model that has well defined degrees of freedom anmggg:legfa;hearttr?)?hanr?rftljl(us?rie;ncea[.se-rstlﬁd Sylstgen}imvf:s
options, e.g. a parametric model [4-6]. Related to this ar P Y. P y

design automation systems that aim at automating tﬁ%jectwe was to evaluate the effort and competences

e . . )
design process in order to mimic human designers ahgcessary for creating a knowledge-based in comparison
assist them in routine design activities [7-9]. Botl

0 a traditional singular product model in an engineer-to-
configurators and design automation systems can be Sogﬂer company. A secondary objective of the study was
as particular knowledge-based engineering (KBEE)

compare the prior ETO process with the KBE
systems which use representations and models

c)prported one regarding lead time, design artefact
engineering knowledge to e.g. automate routine desiéwa“ty and solution space.
tasks [10].

The remainder of the article is organized as follows:
KBE is rather not new, one of the first documente

(Ip the subsequent section 2, the theoretical background is
applications already dates back to the early 1980ies: TRreesented which comprises knowledge-based

engineering, basic engineering problem-solving tasks
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and the
models. In section 3, the industrial case studyuiiined

implementation of knowledge-based CADnodelled as an image of the product solution space
instead of a single variant [21].

and the design of trash rack cleaning systems is Design automation systems differ from this: These
introduced. Section 4 then shows the implementaticare able to fully automate a design task from
before section 5 presents the discussion and csinolu specification over conceptual design to detailedigie
of the case study. The final section 6 contains thend definition of product and production data [Z]. A

summary and further research possibilities.

2. THEORETICAL BACKGROUND

relatively new development in this field is, in ¢@st to
traditional
complex problem-solving mechanisms and artificial

reasoning, the implementation of more

intelligence. One example is the application of tiaul

2.1. Knowledge-Based Engineering and Design

Fig. 1 shows the basic setup of a knowledge-bas

problem-solving tool [8]. Knowledge-based enginegri

(KBE) systems use knowledge representations a
models for the automation of design processes, f
dimensioning and design optimization or for deaisio

support [10]. KBE can be comprehended as evolutjona
step in computer aided engineering which is created

the combination of object-oriented programming,
artificial intelligence and computer aided desi@AD)
systems [17].

rOptionaI Components
Explanation

Knowledge Acquisition
Component Component

[ Knowledge Base I Inference Engine

w Interface

| Essential Components {

\
| User / Hardware / Data Repository / other Software |

Fig. 1.Main Components of a Knowledge-Based System
(acc. to [8])

To automatically perform design tasks, a KBE system
must have the ability of reasoning [12]. Therefdweo
very basic kinds of knowledge need to be impleneénte
[18]: (1) Domain knowledge constitutes a solutipace
in which a particular solution for a defined set of
requirements can be found. It is modelled e.g. by
parameter constraints, formulae and design rules fo
product models [4, 8, 19]. (2) Control knowledgatss
how this solution space is explored and integrates
reasoning techniques [3, 7, 12].

A particular KBE implementation is knowledge- 3.

based CAD [4]. It integrates design rules, dimemisig
formulae, spreadsheets, macros and interactive
applications into the CAD system itself [20]. Altigh
rather not new, only single detailed reports about
applications exist. Exemplarily stand works fronside
synthesis in aerospace and automotive engineetidly [
conceptual or configuration design in plant engiimep

[3] or niche design activities like automating fixe
design [16]. All of these approaches have in common
that knowledge artefacts as well as models havketo
implemented explicitly.

agent systems for the analysis and optimizatioGAD
gaodels regarding design guidelines [23, 24]. Irs thi
iq&gntext an agent represents a software entity that
operates autonomously without intervention of a aom
jiger to complete a task [25]. In order to do soagent
gleeds to perceive the environment relevant todsi, tto
react on changes to the environment and know about
consequences [26].

2.2. Praoblem-Solving in Knowledge-Based
Engineering and Design Automation Systems

The decomposition of problem-solving tasks into
single steps and mechanisms usually involves sgighe
v and analysis operations
perspective, KBE systems have to deliver artefact
descriptions by either one or a combination of tiiree
basic synthesis tasks [7, 18]:

- . N 1.

[27]. From a top-level

Synthetic design is designing a system that meets
specified requirements. These are first formulated
by the user and then operationalized by the KBE
system. Hereby hard requirements enable the
KBE system to filter possible system designs that
have been generated on the basis of knowledge
about system creation. Soft requirements enable
the system to evaluate and rank multiple valid

system designs [18].

2. Configuration means creating a system out of

fully predefined building blocks that are
integrated via standardized interfaces [28].
Although the building blocks wused in

configuration themselves do not have any degree
of freedom, a very large solution space can be
created with an appropriate design [29]. The
decisive factor here is the number of combination
interfaces and rules. From an information science
point of view, configuration tasks can be written
and solved as constraint satisfaction problem [30,
31].

Parametrization aims to eliminate degrees-of-
freedom (e.g. with regard to dimensions or
activation of individual design elements or
components) in a variable product model, step by
step by setting parameter values [32]. The same as
for configuration, a basic representation for
parametrization is a constraint satisfaction
problem [13].

2.3. Implementation of Knowledge-Based CAD

A common basis to build knowledge-based CAD
models is a parametric design system which allows

Especially technical product configuration system@utomatic change propagation, the embedding of
also belong to KBE systems. Here, a common mastBgcessary domain knowledge and thus the design of a
model which uses formalized engineering knowledge Folution space (fig. 2) [4, 5, 19, 33].
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development and is used to e.g. exclude model resatu
in relation to parameter values or to execute conutsa
in order to modify the geometry [35, 36].

Design grammars are another, but not widespread
way of formalizing engineering knowledge.
academic field, synthesis systems for electricigjops,
wheel rims, heat sinks or robot kinematics havenbee
implemented [37]. The idea of a design grammaihis t

In the

context is to implement coherent synthesis oparatio

Solution Space
Exploration

_ Solution Space

Design

Control Knowledge

Rule-based Model-based Case-based
Reasoning Reasoning Reasoning

Fig. 2.Knowledge Modelling in KBE and KB[2]

Parameters can be linked by arithmetic, logic or
geometric constraints [34]. Especially in comple&BC
models that contain a huge number of model featmds
relations, a control and configuration concept is
beneficial that structures the way how parametees a
calculated, related and referred to each otheb][40ne
way is to integrate mathematical formulae, e.g. for
dimensioning of machine elements, another way is to
externalize the parameter calculation e.g. into a
spreadsheet application [19, 21, 35]. The latter
commonly offers additional mathematical and stiatit
operations compared to those implemented in the CAD
system itself. Another advantage is that relevata dor
the definition and specification of components,.e.g
parameter tables, can be stored on different weesh
and then be linked by use of matrix-operations like
VLOOKUP in MS Excel [36]. Additionally to organize
e.g. multiple parts within a CAD assembly, a shkalet
model can define component positioning or
superordinate geometrical characteristics, e.gedam
the structural design [21].

Other ways of formalizing design knowledge is
templates that have to be understood as reusable,
updatable building blocks in a virtual prototypd.[Bs
such, geometry templates are further distinguisinéa
rigid and variable geometry templates. The firpresent
carry-over-parts or library components that
additional process parameters available which cover
knowledge about application, design interfaces or
technical data in general. The latter is taken as
predefined starting point for embodiment or dethile
design that includes all necessary design rules and
features. Beside geometry templates there alsot exis
structural and functional ones. A structural tertwla
includes e.g. a basic generic product structure and
different delimited physical design solution spacge,
the design process is parallelized in a standaddivay.

A functional template represents the implementatibn
specific problem-solving methods and simulationlgpo
additionally to the geometry description [19].

The implementation and formulation of design rules
strongly depends of the CAD system. Basically, la s
an IF-THEN-ELSE-statement known from software
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through a vocabulary of elements in combinatiorhveit
set of alteration rules. Applying this on a stagtaresign,
which is either developed by a human expert ortetka
by algorithms, a huge number of alternative desigayg
be generated by the system, thus this approactsas a
known as generative design [38].

In contrast to domain knowledge, control knowledge
determines the way a solution space is exploredTdis
can be done e.g. by the integration of reasoning
mechanisms:

1. Rule-based reasoning also relies on IF-THEN-

ELSE-statements, like discussed in context with
design rules. The major difference is that in rule-
based reasoning the rules are linked to a decision
tree or decision network [12]. Although it's one
directional and simple nature, instantiation and
loops form complex rule bases where rules
activate sub-ordinate rules or exclude them from
further processing [15]. It is often reported that
rule-bases with several hundred rules are difficult
to maintain [11].

2. Model-based reasoning operates on a logical,

physical or resource allocation/consumption
model [12]. A common implementation uses
constraint networks and constraint satisfaction
techniques [30]. A constraint represents the
relationship between two model elements and
may have a rule for value assignment [3]. Values
applied to the constraint network can then be
propagated, which means that the values of all
other model elements are calculated on the basis
of them. The representation allows to model the
relationships in an undirected way so that it is of
no importance which variables are given and
which are searched. From a logic point of view,
the constraint network can be written as equation
system [13].

Case-based reasoning mimics the human ability to
work with analogies [39]. It uses an implicit
knowledge representation of problem statement-
solution-pairs, so a case can be understood as
previously solved problem. Depending on the
degree of maturity of the reasoning mechanism
the system is either limited just to search for
exactly matching existing solutions or to find
solutions that are similar [36]. This must be
expressed by e.g. a classifiation or indexing
system or a mathematically formulated distance
measure [40]. Usually, such a similar solution
needs to be modified , e.g. by a human expert, to
be applicable to a new problem. After Validation,
this case is stored again in the case base so that
the system can be considered as self-learning
[32].



3. PROJECT DESCRIPTION

The case study reported here was carried out during

an industry research project from water industnythis
section, the trash rack cleaner design, which labet
automated, is described as well as the project derigs
and project scope.

3.1. Trash Rack Cleaner and Main Components

In water industry, trash rack cleaners are impoértan
systems that ensure a high efficiency of e.g. pampi

stations, sewage treatment plants or hydroeleptiger
plants [41]. The inlet screen of a hydraulic stuet
which usually is built as trash rack, serves aoarse
filter to retain alluvial debris or flotsam such lesves

and branches to protect e.g. turbines [42]. A ragul

removal of this material is necessary to minimitcevf

losses. For mechanical cleaning, stationary or laobi

trash rack cleaners are used for this purpose,hniie
either

design (Fig. 3).

Fig. 3.Cable Trash Rack Cleaner with Gripper Head

excavating machines with articulated arm,
telescopic boom or cable cleaners [43]. The example
modelled in this case study corresponds to thed thir

the dimensioning of the lifting gear and of the
cables. Depending on the expected loads and the
installation space, versions with double winch or
pulley block are possible.

(2) The determined design and size of the hoist is one
of the input variables for the design of the trplle
The trolley carries, in addition to the hoist, the
travelling drive and the hydraulics for the cylinde
of the grab. The arrangement of the aggregates
primarily depends on the width of the trolley. This
in turn has a reference to the width of the grab,
since only limited diagonal pull is permitted for
safe reeling of the steel cables. The placement of
the aggregates are usually based on a best-fit old
project, which are adapted to the current case.

(3) Support structures and tracks for the trolley are
primarily based on constructional conditions at
the installation site (use of portal supports or
cantilever), the disposal site (disposal on the
ground, conveyor belt or into skip) and operating
mode. Furthermore the stiffness of the
construction is a determining factor. Support
structures and tracks are individually developed
for each project and verified with a test statics.

3.2. Project Boundaries

The company, where this case study was carried out,
is set up as a small-series manufacturer. Besittesr o
hydraulic structures constructions and componesutsh
as vanes, weirs and pumping stations, approxima@ly
cable trash rack cleaners are designed and maurddct
as engineer-to-order projects per year.

Sales are made worldwide, apart from the trash rack
cleaning system itself, commissioning and the
installation at the destination is offered by tlenpany.

In addition to the engineer-to-order business thisra
standard program of four variants for small pumping
stations and hydroelectric power plants. The design
engineering is carried out in-house, only the veatfon

Depending on the design and purpose, differegf the statics of support structures and overhesck tis

gripper types are used. Grabs for floating materéak
used for picking up larger flotsam such as branctees

executed by external experts. The production i® als
largely carried out in-house, the entire systenthen

the surface while cleaning rakes with closable cage assembled and tested before being dispatched to the

applied for the removal of debris, sludge and Bght construction site for final assembly.
flotsam along the whole trash rack [44]. The clagni

process begins with the lowering of the rake ofte
trash rack. There the rake slides from the watdaee to
the sole and carries the flotsam with it. At theersal
point the cage is closed and the rake is raiseh agahe
initial height. With the rake closed, the trollepvels to
the disposal site and releases the removed floteare.
Usually, the rake is narrower than the trash raokthis
cycle is repeated with small overlap until the vehodck
is cleaned.

t  3.3. Project Scope

Although the boundary conditions for each project
regarding construction site, material handling,vieer
strategy and regional standardization differ arstifiy an
engineer-to-order approach, sub-processes in esige
can be considered as stable and routine activilieis. is
particularly true for the design of hoist and tegll In
order to evaluate the automation potential and thes
reduction of lead time in sales and engineeringase

The engineer-to-order process for such a trash ragl,dy was initiated. As boundary conditions waseadr
cleaner involves the following basic problem-soyin to keep existing software and not to introduce new

steps for the main components:

systems into the design department as well as to

(1) The design starts with dimensioning of the hoisformalize engineering knowledge in plain text and
unit. Here, the rack’s grid space, the width of thgjmple algorithms that can be maintained by theégdes

rake and the cleaning length (dimension watestaff without additional in-depth software engiriegr
surface to sole) are the characteristic variablegompetences.

The cleaning length determines, together with the
load of the rake and the material to be conveyed,
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After a potential assessment that was carried out 4.1. Hoist Unit
along two design projects of the industry partriae As stated in the initial situation sub-section, the

scope of the project was defined as: . . ;
* Implementation of a prototype KBE systems ford esign of Fhe hoist unit Iargely_ fOI.IOWS the
the hoist unit: recommendations and processes described in thea@erm

I - standards for material handling and conveying
» Definition of templates for characteristic tm”eytechnology (e.g. DIN 15020-1). Based upon the given
designs that use the hoist configuration as input; e )

: . . ) . formulae, equation systems can be formalized and
* Integration of KBE functionalities, in particular jyegrated into a spreadsheet configurator. Thenmai

calculation routines, to the design of SUpPPOffqrksheet (Fig. 4) contains input parameters and
structures and the track in order to facilitate theqgnirols for the selection of factors and coefficsefor
statics report; _ ~ each type of hoist. Other worksheets contain pateme
* Preparation of a KBE system for configuration otaples for machine elements, auxiliary calculatiansl
standard variants of the trash rack cleaner. additional plausibility checks.
- As input parameters, the user enters the design
In an additional step, the performance of thgarameters of the corresponding standards in addit
corresponding new project approach should be testgth gesired dimensions of the rake. The configurtst
with three old completed projects. At these chosefetermines the dimensions of the cables and thke cab
projects, engineering times have been recordectaild 4ym on the basis of the forces that occur, taking
so that a comparison is possible regarding cyoie &nd  5ccount the prescribed safety factors. Then thé siia
quality of the design artefacts. the cable drum is dimensioned.
Based on the calculated minimum diameter in the
4. IMPLEMENTATION OF COMPONENT AND  pearing seat (critical cross section), a reasoning
TRASH RACK CLEANER KBE-SYSTEMS algorithm determines the diameters of the individua

Since the design department is the main user of tebaft segments and checks them in each case agenst
later KBE system, it was chosen to directly workhwi design parameters of the intended machine elenieings.
the available design tool, namely the CAD systerfeasoning is directly integrated into the spreaesivéa
Autodesk Inventor. Regarding domain knowledgd/BA macros and operates on the cell values. If the
integration, all in sect. 2.3 introduced mechanidmns necessary verifications are not met, the algorithm
grammars are offered. For reasoning, rule-based aigreases the relevant shaft diameter and adagpts th
model-based approaches are available, realized w&sign accordingly. Depending on the predefined
iLogic, a proprietary script language, VBA macrosla Mmaintenance interval the configurator chooses thing
spreadsheet integration. bearings for the cable drum and calculates its dgioms

(Fig. 5). In addition to the drum, the spreadsheet
determines the parameters for all assembly groups
(supports, couplings, etc.) and selects a suitalaetric
motor from a catalog.

Laufzeitklasse v_3 ¥ |4,1 bis 8,0 h/d im Jahr

Lastenkollektiv leicht  |selten groBte Last

Triebklassengruppe 2_m ‘

Transporte Ubliche Transporte -

Nennfestigkeit der Drahte 1770 A

Beiwert ¢ 0,095 | mm/NA~(1/2) 0 entspricht "Nicht vorhanden"

Masse Last 200 | kg ab Gesamtgewicht von 650kg Doppelrolle

Masse Gesamt 414 kg unter Gesamtgewicht von 650kg und keine Kurven einfache Laufkatze
Sicherheitsfaktor 6|cE

Drehmoment 386/Nm . T
Gesamtkraft S 4873,608 N

Umdrehungen/Minute 8,8|1/min

Hubgeschwindigkeit M 0,88 m/min

Laufzeit fiir gesamte Auf-/Abwicklung 4,63102314 | min

Trommelwirkungsgrad 0,99|oE

Lagerlebensdauer in Stunden 155891,299 |h

Lagerlebensdauer in Jahren 53,3874312|y

Angaben Seiltrommel

inimaler Seildurchmesser d TE’/J/_\
P—

Fig. 4.Configurator for Hoists with Double Winch
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As special feature, each CAD template for a trolley
has a reasoning mechanism implemented which
determines the center of gravity for the current
configuration. If it is not centered under the kathe
algorithm starts to shift the individual subassdewin a
controlled way in their position (the mechanism is
comparable to a truth-maintenance system) until an
optimally balanced trolley is found. As verificati®, the
weld seams between base frame and mounting brackets
are calculated as well as the service life of tHeeal

blocks.
} Other equipment such as hose guides, piping or
Fig. 5.Cable Drum (Sectional View) fastening elements are not included in the assembly

templates due to the variability of the sub-assgmbl

The calculated outputs are stored as transf@Psitions. The template is then further detailed aby
parameters and then passed to the CAD assemblge, Th&luman designer.
the assembly model is regenerated with all parasete
accordingly, machine elements are exchanged fatigwi
the selections of the spreadsheet and anotherilpiléys
check is carried out to check the assembly. Machine
elements are modeled as iPart families so thathhage
of a size can be executed by iLogic rules (Fig. 6).

In addition to the model, a set of technical draysin
is generated and relevant machine elements arBederi
mathematically.

A total of four different hoists were implementesl a
independent KBE systems. In addition to the hoigh w
double winch, these include a hoist with singlecahirfior
low lifting loads and versions with single and dimub
winch with pulley block to reduce loads and instadin
space.

4.2. Trolley Fig. 7.Slim trolley with under-mounted hoist for

) . . . monorails (illustration without casin
The configured hoist is the starting point for the ( 9)

synthesis of the trolley and provides the initiadumting
dimensions for the base frame. This frame carries
addition to hoist unit, also the rollers and th®ssr
travelling drive as well as the supply hydraulios the
closing mechanism of the rake. 4.3. Support Structure and Track
Due to the de facto standardization of the fouistiit

rohitesture of the_ tolley. The  selection of aipais Of the weights of the tolley, grab and e

. AU 2Notsam. The trolley travels either on a HEM widanige
architecture depends  primarily on  the DOSSIbIBeam as monorail track or in two UPE profiles as
installation space. First of all, it must be dedidehether external double beam track. For both track typesiaho
the hoist and cross-travelllng erve must be r_nouimIB based design wizards were implemented within Invent
the same level in order to achieve a flat architecbr a The user specifies the lane type and the positfoine

ﬁlcl)rigttirg”r?(l)j;esdh%v:gelp t::leg.terv:;IIiaeng?i(\:/leal'Tmr?si?e support points. The system then determines theirestju
9 ) 9- profile cross sections in order not to exceed emiv

advantageous fo_r trash rack cleaners W?th montrek eflection of the track. For each support pointe th
and short cl_eanlng length. The selection of the CA_ orresponding structure, e.g. a cantilever, must be
template relies on a rule base that argues Seﬂmt'|(?1serted from a library. The system sets the cross-
characteristics and is implemented into a t0p'leves|ections according to an assignment matrix between
assembly in the iLogic-language. track profiles and the support structures. Adjusiisieo
structural conditions, such as different heightstlod

In total twelve variants of the trolley are aval@b
' which can be paired with either monorail or doui¥&am
tracks.

The parameterization of the track is carried outhen

If Parameter("__TLayout:1", "S§:01")<10 Then . . -
ipart.cnangeaow("?mazs_hohel_wragzaézll=)1", [DINGZS-1-600" ¢ foundations or the drilling patterns for bolting the
Parameter (" Layout:1", "S: " & "-2RSR" . . .
ipart . Changenow ("DINE25 hone Trageahl:a", "prwess-1-soo" &  foundations must then be carried out manually. thor
e Parameter{”_layout:1', "s:01%) & "-2RsR") purpose, parametric skeletons were stored in the
B AT e e el respective subassemblies. Due to the numeroustiearia
iPart.ChangeRow ("DIN625_hohe_Tragzahl:2", "DING25-1-60" & parameters, the strength verification of the sutqu'}r
Parameter ("_ Layout:1", "S:01") & "-2RSR") .
End If not carried out by the system but externally foilogvthe

design as before.
Fig. 6.iLogic Rules for Component Exchange (Excerpt)
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% Spreadsheet Configurator Spreadsheet Configurator Spreadsheet Configurator CAD-System

Main Sheet Background Sheets Macros

User

[] [Input: Rake Dimensions,
Boundary Conditions for
Construction Site,
Operational Constraints]

:l Calculation_HoistDriveUnit_

|
1
1
1
I
1
1
:
Cables_Winch_CycleTime_Weights :

[Call]

] Run_Shaft_Designer_Winch 1

:| Run_Machine_Element_Calculation
1

[Return Parameters and

1
1
1
1
1
! Machine Element Part List]

Calculation_TrolleyLayout_
:l Drive_Weights

]---1

[Call]

:| Run_Support_Designer
[Return Parameters and
Machine Element Part List]

[Call]

[Return Machine
Element Parameters)

[Export Parameters and Part List]

Rebuild and
Run All Rules
Generate
Reports

[Report and Idle]

S

Fig. 8.Sequence Diagram for Trash Rack Cleaner Configarati

. . iLogic rule base is triggered. After the generatadrall

4.4. Trash Rack Cleaner Configuration System verification reports, the configuration processsnd

For the integration of the individual KBE systems It has to be noted that this standard configurator
into a standard configurator, the hoist configurat@s contains only a few template configurations for the
selected as the basis and supplemented by thegathter supports. These have been synthesized from a former
The central configuration tool in the KBE systenttigs project overview and represent nearly 60% of pitsjec
again a spreadsheet, which has been extended bgsnacthat have been realized in the former five years.
The configuration process is shown in Fig. 8 asierge Final check and further detailing of the sub-
diagram. assemblies is carried out manually afterwards. Nose

The starting point of the configuration is the usetasks belong the electrical and hydraulic equipment
input regarding number of rakes, rake dimension#cluding hose routing, power supply and contrateyn,
boundary conditions of the construction site (armas placement of fasteners and finalizing the housing.
support foundations, installation space, envirortalen
conditions) and operational constraints (informatan
flotsam, frequency of use, operation time, manual ¢
automatic operation). Based upon this the spreadsh
executes the hoist configuration and calls macms f
shaft design and machine element choice, which tieve
same functionality as in the hoist configurator
Afterwards the calculated and optimized dimensiares
coded as parameters and then passed back to
spreadsheet. The same counts for the machine dieme
In the next step, the trolley is chosen based wpaule-
base, similarly to the template choice mentionedvab
After calculation and when the weights are deteeajn
the macro for support design is called and based tipe
information on the installation boundary conditiptise
beams and tracks are dimensioned and verified vReie
parameters are returned to the spreadsheet and
machine element parameters are collected from tl
background worksheets containing the correspondir _
standards. All geometrical and topological paransete
are then passed to the CAD system, where the force Fig. 9:Configured Trash Rack Cleaning System

rebuild command and the execution of the internal(lllustration without Cables, Casing, Foundatioffgp
Plates and Screw Connections)
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The standard configurator is also accessible to tla#so, the industry partner’'s design team estimattiter
employees of the sales department for rapid cdlonla no real advantage for raising the quality of theigieed
and tendering. Therefore, additional plausibilityecks artefacts or the cost/benefit ratio was apparenty
and a scheme for pricing were implemented. Arofitable.

configuration of the trash rack cleaning systemegeted Third, the digital master models of the main-
by the KBE system is shown in Fig. 9. components of the trash rack cleaner are functiboal
monolithic. All parameters and all component
5. DISCUSSION AND CONCLUSION occurrences are hardcoded in the KBE system what

é'nakes a transfer to another application difficultesults
change expenditures respectively. The excharfige o
mponents, or e.g. the integration of other eleaitr
rives, also leads to an interference with the Kadge
model and thus the code of the KBE systems.
Nonetheless of the digital master character of the

The implemented systems basically fulfilled th
expectations of the industry partner. From a resuf
perspective, the engineer-to-order process W&
supplemented by two configuration processes. Tis fi
involves the three single KBE systems, operatedaby
human designer. This process allows degrees addrae ) o :
in particular for the support structures and trackise assemblies, the reby|ld times are sa'usfactqry. .
second configuration process refers to a stanczddiz Fourth, the engineering environment is constituted

product model and less degrees of freedom but sov nly by two standard tools of a mechanical enginaer .
already a majority of the solution space for man AD and_a s_p_readsheet system. No further_anaIyS|s
projects ystems, like finite element analysis etc., werduided.

Regarding the cost/benefit dimension, the avera 8 t_his particular case this was acce_p_table bec_amse
processing time of the design task could be redérced erifications all can be done via traditional medhal
140 to 30 hours already after the initial modellafghe ~c@lculations.

solution space. From these, about 24 hours wer spe The implementation of the KBE systems af?d the
the detailing of the trolley and another four ore th COTTesponding new procedures in order processitg ha

detailing and verification of the track. The basi@" Impact on the business mode| of the .mdustrmpa.r
configuration of the trash rack cleaning system ban as _weII. On the one hand, the evaluation of previou
generated by the KBE systems within two hours,hso t projects and enquiries to the sales departmentttemb
incoming inquiries in the sales department can pgxtension of the standard program. In _partlculahays
answered immediately and precisely. Subsequeﬁ?d rakgs could be standardized or quickly deriveah
adaptation of the design to the actual conditionghe the configurators so that onl_y the_ support Stmﬂt.ﬂ.nd
construction site (e.g. deviating executed fouruohe) tracks had to be designed individually for the sfec

can also be investigated and carried out in anlaeted project. On the other hand, the m_arket_share c_beld
manner. The implementation of the KBE systems by dficréased because the response times in techmitesl s
experienced knowledge engineer took about threestim3°t short ?”d the quality of tender documents, &sinc
as much design time as a “classical” single Varial%enerated in parts by the KBE systems, raised. The

design, the costs for KBE system implementation alj@plementfatmn of KBE systems for other business
therefore amortized again within the first yeareaft segments is planned.
deployment.

During the design automation project, the industry
partner was able to form an innovation cell sinke t
design department was freed from routine activifidgs
innovation cell identified a demand for cleaningteyns,
which are able for cornering in order to save ifetian
space and realize more complex operations. A
corresponding prototype trolley was developed dlyea
using routines and methods from the existing KBE
systems, in particular the dimensioning routinefteiA
testing, the new trolleys were implemented into new
KBE systems by project staff following the above
principles (Fig. 10).

Despite the success of the project, there are stil
limitations. First, manufacturing knowledge was yonl
integrated to a very limited extent into the KBESt®ms Fig. 10:Configured Trash Rack Cleaning System for
(verification of weld seams). The small-series ahsar Cornering (lllustration without Cables, Casing,
and the high flexibility in production allows large  Foundations, Top Plates and Screw Connections)
degrees of freedom here and as a consequencenthsre
no additional benefit considered in restricting iges 6. SUMMARY AND FUTURE RESEARCH
parameters or formalizing assembly procedures. This contribution addresses the implementation of a

Second, the level of detail of the final CAD modelS design automation system that is integrated into a
not 100%. Fasteners were included into the CARtandard CAD systems. Therefore, a case study was
assemblies only where necessary for verificatioajom presented and discussed which shows such a design
parts of the electrical engineering were skippeereH automation system for a trash rack cleaner. The




knowledge model was integrated into spreadsheats &3]

the CAD assembly itself, using available functidtnes
like parameter constraints, integration of formuéax
design rules as well as the use of API-based macros

9]

This case study offers multiple avenues for further

research. The transfer from the initially modeltealleys
to the ones for cornering showed deficiencies

in

maintaining the knowledge model and adapting thé&KB[10]
system. An interesting question is if an ontology a
mediator between CAD system and knowledge model

could provide additional functionalities. This cdudlso
simplify the addition of new model elements.
Another question focusses on product
management. Since the industry partner is expergirc
engineer-to-order projects, all data

dat1]

management
processes are aligned to that. In the end, a coplgeo [12] D. Sabin,

digital master is stored for each ordered trashk rac

cleaner for documentation.

Regarding product data

management of CAD-based configurators or desigi3]

automation systems the question is what actualgdse
to be stored. From the author’s point of view,dulel be
sufficient to save input variables and the versiamber
of the design automation system since the inputhef
same parameters must lead to the same configuration
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