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Abstract: Product-Service Systems (PSS) are considered
as problem-oriented solutions for individual customer
needs. As such, they may be considered as mass
customization offerings consisting of intertwined product
and service components. Literature reports about single
holistic approaches for development and design of PSS,
which are either conceptual or discussed on simple and
restricted examples. Compared to merely product
offerings, solution space development for PSS is still in
its infancy. It is agreed, that product configuration is a
key tool for the success of a mass customization business
model. From a product development point of view,
parametric modeling and knowledge based engineering
are technologies for its realization. In PSS development,
those are only minor developed due to a missing common
data model for products and services. In this paper the
authors bridge this gap introducing a constraint-based
modeling approach.
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1. INTRODUCTION

Nowadays, the rapid dissemination of knowledge and
the international harmonization of standards leads to the
problem that it is more and more difficult for companies
to distinguish themselves from competitors only by
technical product characteristics [1].

One possibility to challenge this is to combine
products with services to provide an integrated solution.
These so-called Product-Service Systems (PSS) are
solutions, which fulfill individual customer needs [2, 3].
Here it is secondary wheather the value proposition and
revenue is achieved primarily by the product or service
components [2]. To benefit the advantages of PSS an
integrative relationship between product and service
components has to be developed [3, 4].

PSS are seen as customer-specific solutions, this
would lead lead to a very high development effort if the
entire development process have to be executed for each
individual customer and each changing customer
requirement [5, 6, 7]. One way to challenge this problem
is to model a configurable PSS [4, 8, 9, 10].

Based on the conceptual similarity of the enterprise types
of PSS and Mass Customization (MC), PSS can be
understood as an MC offer. So MC development
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processes and modeling tools could be applied to PSS
[12].

One of the the key principals of MC is the solution
space modeling [11]. Which have already been applied
for physical products. How a solution space is explored
is determined by the control knowledge. This knowledge
is implemented by knowledge-based engineering (KBE)
principles like rule-based, case-based or model-based
reasoning [13].

In the PSS literatur approaches for rule-based and
case-based configurators (eg, in the work of Laurischkat
[8]) are documented, but here is a lack of model-based
configuration for PSS [7]. For this a model is requiered
which combines product and service parts and all their
dependencies. Like mentioned by Wagner et. al [16] it is
an important requiered competence for the development
of PSS is to combine product and service parts in a
appropiate way with all its dependencies dependencies
[16].

The advantage of a model-based configuration with a
parametric model would be the possible adaptation and
variant design of PSS which could be as powerful as it is
already state of the art with the CAD systems for purely
physical products. In addition, such a data model would
additionally enable computer-aided product optimization
[12].

In this paper an approach for a solution space
modeling of products and services in a joint parametric
model is shown and an example presented. The paper is
part of a research which is structured by the design
research methodology (DRM) of Blessing et Al. [17].
The Stages “Research Clarification” and the “Descriptive
Study I” are already executed and presented in previous
papers [12, 15, 18], the research of this paper takes place
in the Stage “Prescriptive Study”.

The paper is structured as follws. After the
introduction an overview about the relevant state of the
art (section 2) is given. This contains an introduction to
PSS, CAD-based solution space modeling for physical
artefacts, service modeling with the architecture of
integrated information systems (ARIS) and PSS
configuration approaches. In section 3 a solution space
modeling for PSS with a model-based configuration
approach is presented and in section 4 an application
example described. The paper ends with a conclusion
and outlook at further research in section 5.



2. STATE OF THE ART

In order to correctly classify the example presented in
this paper and the underlying approach, at first an
overview of relevant areas of the state of the art is
shown. This includes basics on PSS, solution space
modeling for physical artifacts, service modeling and as
well existing approaches to PSS configuration.

2.1. Product-Service Systems

In literature various characterizations and approaches
for the development and configuration of PSS are
discussed [5, 6, 19, 20, 21]. A characterization which is
often used for PSS, was developed by Tukker [21] in
2004. He destinguishes three different types of PSS and
the corresponding business models according to the
content of physical product and service components of
the value creation (Fig. 1):

e Product-oriented: Product-related services such as
startup and initial operation; maintenance contracts;
supply of consumables; financing plans; Advice
and consultancy such as training, logistics and
optimization.

e Use-oriented: Product lease; product sharing;
product pooling.
e Result-oriented: Activity management;

Outsourcing; pay per unit; functional result.

Product-service system
Value Value
mainly in Service content | | mainly in
product (intangible) service
content Product content
content (tangible)

Pure A: Product B: Use C: Result Pure
Product oriented oriented oriented Servie

Fig. 1. Main PSS categories based on Tukker [21]

Literature agrees that the structure of the PSS
development process influences the quality of a PSS [2].
To address the individual customer needs and due to the
fact that a combined product and service development is
necessarry a PSS specific development is needed. The
literature agrees to that, but the existing approaches
remain mainly vague and conceptual [22]. Additionaly
they are discussed on very simple or very specific
examples, which makes the transfer to relevant
applications difficult [12].

A challange of PSS research and development is the
multi-disciplinarity it includes researchers from various
fields of interest. In the absence of the evaluation of the
existing approaches, no one of them can be seen as a
generally accepted and standardized approach for the
development of PSS [23].

But based on literature studies (presented in previous
papers [12, 15, 18]) on the existing characterizations of
PSS and the existing theses and approaches in PSS
design research, the following main implications can be
named for the PSS development [15, 18]:

- coequal development of product and service

components [15, 18]

- integration and addressing of individual

customers and their needs [15, 18]

- monitoring and addressing of the customers
requirements during the whole life-cycle of the
PSS [15, 18]

2.2. CAD-based Solution Space Modelling

In contrast to rigid geometry modelling that cannot
represent solution spaces, parametric CAD is able to do
so. Especially, the possibility of defining mathematical
and logical constraints between parameters in a CAD
system makes it possible to implement knowledge in
explicit form within digital prototypes. In relation to
variant design, the designer does not only specify the
product shape but also the control and configuration
concept for his component and thus describes a solution
space [24, 25].

Knowledge-based CAD

Ability to draw conclusions from the current design
situation (geometrical and also background
information)

Feature-based CAD

Recording and processing of geometry and
stored information (semantics), such as function,
production technology

CAD (parametric)

Recording and processing of geometrical

elements with variable references:

a) Chronology-based: Editable modelling
history

b) Constraint-based: Editable equation
systems

CAD (conventional)

Recording and processing of geometrical
elements with fixed values

Fig. 2. Overview of the principles of 3D modelling [26]

The German VDI guideline 2209 [26] mentions two
other types of CAD systems, which provide additional
functionality for creating variable geometry models and
for mapping design knowledge (fig. 2). Feature-based
CAD systems are an extension of parametric systems. A
feature can be understood as semantic information object
which consists of multiple geometry elements with
parametrics and behavioral rules [25]. Features can adapt
themselves to their environment to a limited extent.
Knowledge-based engineering (KBE) is the capstone in
variable geometry modelling and aims at the automation
of routine design tasks. Therefore, two different
knowledge categories have to be considered (fig. 3):
Domain knowledge describes a solution space in which a
solution for a design problem may be found [27]. It may
be expressed e.g. by dimensioning formulae that
constrain parameters of the CAD-model, templates as
reusable building blocks or design rules [28].

Control knowledge is different since it determines the
way a solution space is explored. In literature this is also
referred to inferences and reasoning since the system
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reasons about new or adapted requirements. Therefore,
three different techniques may be used [13, 29]:

e Rule-based reasoning: The knowledge
representation relies on IF-THEN-ELSE-
statements. Rules are fired procedurally and can
execute subordinate rules or delete them from
the working memory in order to realize more
complex tasks.

e Model-based reasoning: The possible solution
space is described as physical and/or logical
model (constraint-based) or by representation of
resource consumption and allocation.

e Case-based reasoning: Here, knowledge is not
explicitly modelled as rules or constraints. The
knowledge necessary for reasoning is stored in
cases that represent former approved solutions.
A simple case-based reasoning system can
either retrieve single already existing cases or
assort a set of cases, which represent the best-
fit. Highly developed ones are able of mixing or
altering exiting cases in order to adapt them to
new situations.

Domain Knowledge

Parameter
Tables
Templates Design Rules

Solution Space
Exploration

Solution Space

Design

Control Knowledge

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

Fig. 3. Knowledge Modelling in KBE and KBD

2.3. Service Modeling

Compared to product development, there is just little
software support in service development. The
representation of services is realized by diagram-based
methods which are data flow based, object-oriented or
control flow-oriented. The service modeling includes the
documentation and presentation of the processes as well
as further necessary information like data which is
needed in the process and organizations or people which
are involved. The goals here are the targeted detection of
weak spots (like media breaks within a process), or the
analysis of certain properties of the processes (for
example, throughput times or the costs of a process
(activity costing)). In addition, the simulation of planned
processes is possible with information about activities as
well as further information such as throughput or set-up
times and an exact process description [30, 31]

In the design of information systems the modeling
language and the business process models become more
and more important compared to the system
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implementation. They display the service processes and
were already seen 15 years ago as important enabler to
fulfill the requirements of generating, customizing and
configuration techniques [32].

A modeling language for services is the event-driven
process chain (EPC), which is based fundamentally on
approaches of stochastic network procedures and Petri
networks. The EPC has a high application orientation
and therefore a high degree of dissemination and
acceptance in science and practice. The EPC is regarded
as the central modeling language of the architecture of
integrated information systems (ARIS) [30].

The ARIS-approach by Scheer [32] originally
provided a framework for the modeling of computer-
aided information systems. ARIS offers a holistic view
on process design, management, workflow and
application processing through  the generic
methodological framework. The ARIS House (Fig. 4)
forms the reference framework and is divided into five
sections, which include the functional, organizational,
data, performance and control views [32, 33, 34].
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Fig. 4. The five ARIS views (ARIS-house) based on
Scheer [33]

The area of the organization view (in Fig. 4 the roof
of the ARIS-house) represents the organization in which
the resources required to execute a function (here a task
or activity to support one or more business goals
associated with time and resource consumption) are
assigned. In the area of the data view (left side in Fig. 4),
the mapping and structuring of the information objects
that are required or arise during the transformation
process takes place. In the centric area of Fig. 4 (the
control view) the elements of the four other views are
arranged in the overall business process and placed in
relationships. The function view (on the right side of Fig.
4) shows the processes that transform input performance
into output performance. It also shows the goals that are
closely related to the functions, as they are supported by



functions but also control them. In the performance view
(the basement in Fig. 4), the structural design of the
tangible and intangible input and output performance
required or created in the transformation process takes
place [32, 33].

The modeling language EPC connects all the views in
the ARIS-model and describes the dynamics of the
business process [32]. In such a process model, the
process-related relationship of functions is presented.

In the EPC, the functions are represented by the
function block (see Fig. 5). Functions are triggered by an
event and result in another event. Events are represented
in the EPC by their own separate block (see Fig. 5) [35].

H Setting ”
Message data

r R
Function < Event

. [¢]
Human ) Machine
perfor- | ( |zational Goal resource
mance entit
perfor- || || Appli- : Computer @Logical
mance | cation l hardware connector
software Jesource, "AND"

Fig. 5. EPC blocks based on Scheer [32]

Functions and events are linked by control flows. In
addition, the connectors AND, OR and XOR are used.
Control flows, connectors, events and functions are the
basic building blocks of the EPC, which is extended by
further flows and building blocks (see Fig. 5 and Fig. 6)
[32].

Organization/ resource flow
——> (Control flow
............................ > Information ﬂOW
-------- > Information service flow
----- .=-.-.3» Flow of goods
————— > Cash flow

Fig. 6. EPC flows based on Scheer [32]

In Fig. 7 the EPC is shown by the example of a
component inspection. First, the "component is
submitted" (event), this triggers the function "component
check". It is followed by the connector "exclusive or",
since there is either the event "no errors found", or "error
found". The event "errors found" is followed the function
"rework component” which is followed by the event
"Errors fixed". Afterwards an "exclusive or" linked this
string to the second string and triggers the function
"component output”. This results in the event
"component released" and the component inspection is
completed.

Component Component
is submitted check
S - ------- ﬂ
L]
1 Errors
: found
No errors Rework
found
component

]

'

: Errors
\ solved
'

-------

Component Component
output is released

Fig. 7. EPC example »component inspection«

In addition to the EPK, there are other languages,
such as the BPMN (Business Process Modeling
Notation). But the application of the BPMN is limited to
process modeling and for example the mapping of
further information about used infrastructure or resources
are not covered by the language [34].

2.4. PSS Configuration

As mentioned in section 2.1 the addressing of the
individual customers and their needs is an important
point for PSS development. To achive this with an
acceptable workload is to provide configurable PSS [12].
The main approaches of the configuration of PSS, which
are discussed in the literature, will be shown in the
following. A detailled discussion can be found in [12].

Laurischkat [8] concentrates in her approach on the
configuration of service components of PSS which is
modeled by decision tables or production rules. Bochnig
et al. [9] published an integrated PSS development
approach with the possibility of PSS configuration. They
introduced a CAE tool, in which variants are generated
by combining existing PSS modules. In their work,
Aurich et al. [36] identified modularization as a
promising strategy, they use combination matrices and
focuses on possible product and service architectures for
PSS. The approach of Mannweiler [10] presents the idea
of a development of industrial PSS with predefined
blocks which are predominantly product components.

Compared to the three reasoning techniques for
CAD-based solution space modeling which were shown
in section 2.2 there are only two of them used in the
approaches documented in the PSS literature. So far the
identified PSS configuration approaches uses ether rule-
based or case-based techniques. For a model-based
configuration of PSS a constraint-based PSS model is
necessary. To develop a constraint-based model the
approach of Steinbach should be used as a starting point
as evaluated in [7].

Steinbach's work [37] adapts the definitions of
characteristics and properties of Weber's [38]
Characteristics Properties Modeling/ Properties Driven
Development (CPM/ PDD) approach to PSS. The
approach of Weber models products from a developer
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point of view (the characteristics (Ci) which can be
affected by the developer) and from a customer point of
view (the properties (Pi) which are noticed by the
customer). These are connected and translated by
relations (Ri) which are restricted by external conditions
(ECi) (shown in Fig. 8) [37, 38].

Characteristics Relations Properties
nProdud |Product part 1 | EC I
- ‘ : ghWaraclensnc class lr ‘ : DINEN 733‘ ‘,_Propeny class 1“7 . I
] 1 = P11
g = Characteristic class 2 l’ = P12 s
N o

o D = Characteristic class 3 «_| . =
=] X . Relati J g
g | 1 I\ 1 Relation g
g0, e £
o 'SEI’VICE part art 1 - Relation T 1 3
= Process characteristics — \Property class 2| , =
5 . il oo ——+ P2
= . G2 — 1 relaton, j

= Process characteristics o

Fig. 8. PDD for PSS based on Steinbach [37]

For PSS, Steinbach extends the model with internal
relations of product and service parts which can also be
visualized (shown in Fig. 8 on the left side). The product
parts are subdivided in characteristic classes and the
service parts in process characteristics. The internal
relations mostly exist between characteristic classes and
process characteristics [37].

The approach provides a good theoretical foundation
for further research on the representation and modeling
of PSS. It helps to capture the PSS and to sketch it in an
integrated way [18]. The internal dependencies as well as
the relations including the external conditions can be
used to create a constaint-based CAD model.

So far there is no documented example of a
realization in a CAD environment. Within the scope of
this paper this gap is closed, Steinbach is used as
theoretical basis and extended with further methods from
product and service development. On the one hand, the
ideas of solution space modeling for constraint models
for physical artifacts (introduced in section 2.2) are used.
On the other hand, the ARIS approach (with the EPC)
are used for service part modeling, due to the fact, that
the EPC is already seen as an important tool for
generating, customizing and configuring services in the
area of pure service development(see section 2.3). Based
on these three principles, an approach is presented that
closes the gap of a contraint-based PSS configuration. A
basis for this is a solution space modeled due a joint PSS
CAD model with coequal service and product parts.

3. MODEL-BASED CONFIGURATION
APPROACH FOR PSS

After the theoretical basics, the approach for a model-
based configuration of a PSS is presented. In the
following, the procedure of the procedure of the
approach is described and a graphical overview is given
in figure 9.

For the schematic representation of the PSS, the
approach based on the work of Weber and Steinbach [37]
is used. In this the needs of the customer (the so-called
properties) are represented. These needs are formulated
independently of a specific product or service, with the
target to develop these coequal afterwards. The
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properties addresses the value proposition of the PSS,
which is related to the business model of the PSS
provider.

The decision which business model is targeted and
therefore where in the characterisation of Tukker the
offered PSS can be classified has an influence on the
requirements for the PSS and thus also its development.
However, these decisions are made before or in early
stages of the development of the actual PSS and are not
considered in detail in this paper but are included as
given in the requirements. To take the individual
requirements of the different customers into
consideration, all possible requirements have to be
considered. This creates a kind of requirement space.

The properties of the customers are linked by the
relations with the characteristics of the PSS components.
These components and their “characteristic classes"”
(product parts) and “process characteristics™ (service
parts) are designed in a way that all properties are
indirectly controlled by them.

Possible tools for capturing the PSS components and
their "characteristic classes" and "process characteristics"
are excerpts from the specifications for individual
physical artefacts and the representation of the services
by the EPC including the associated resources, etc.

It is important here that the internal dependencies
between  “characteristic  classes” and  “process
characteristics”, i.e. between the product and service
components of the PSS, are already part of the design.
This leads to the situation, that the interactions (internal
dependencies) are taken in to consideration at an early
stage and the developer is forced to develop product and
service components on an equal foundation and related
to each other. To work out the internal dependencies,
tools such as the creation of constraint networks, a
parameter plan, or the formulation of rules are used.

In order to present the PSS in a data model, the
product and service parts, including the "characteristic
classes" and "process characteristics” and the internal
dependencies, are transferred to a CAD system. The
Autodesk Inventor Professional system is used for this
purpose, since Gembarski et Al. already showed that
building technical product configurators or engineering
configurators within a CAD environment is possible
[39]. Based on this the technical system will be extended

to a PSS.
Specifications
of product parts
EPC for D
service parts
Parameterplan and
configuration process

Schematic representation of
the PSS based on Steinbach

r v l-
Concretization of the internal ‘/

Dependencies
U

Y

Translation to the CAD system
through parts, parameter and rules

Solution
7 space model
Exploration and Controlling of
the solution space due iLogic >|Gul

Fig. 9. Procedure of the approach
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To transmit the PSS into the CAD system the
possibility to insert parameters into the system is used.
This can be done using the implementation of MS excel



spreadsheets, or directly in Inventor's parameter tables.
In order to integrate the service into the model, the
component parameters are expanded in a first step with
the help of user parameters. For the components in the
CAD system, model parameter, reference parameter or
user parameter can be defined (they can be numerical,
boolean or text variables). The added parameters contain
information such as e.g. the assembly complexity,
required tools for mounting the part, or maintenance
intervals. The individual parts of the PSS are combined
in CAD assemblies (similar to physical products). The
main assembly contains all PSS subassemblies and parts
including the further informations which are deposited in
each part.

In the main assembly Inventor iLogic is used to
create a GUI on which further information and choices
to the services are realized. The iLogic environment is
used to integrate service parts and to model the solution
space of the PSS. The iLogic programming language
uses constructs like if-then-else rules, select-case
decision trees, while loops, and offers sub procedures
and a class concept. This language is similar to common
script languages. As command library the snippets
include code templates for almost every modeling
context within Inventor.

The service informations and choise possibilities
realized by iLogic are related and attached to the
parameter in the model. A more detailed description of
this is given in Section 5 in which the application
example is documented.

4. APPLICATION EXAMPLE

For a better understanding, the approach presented in
section 4 is now used at an application example.

4.1. Description of the example

As an example, an end-suction centrifugal pump
according to DIN EN 733 [40] is used. Just with the
pump as a product the example is located on the left side
in the characterization of Tukker (see section 3.1). By
adding service which raises the service-value-ratio a PSS
is created. So a product oriented PSS is possible with
maintenance contracts added to the pump. Additionally,
result oriented or use oriented PSS are possible, i.e. the
customer pays for a guaranteed pump performance,
independent of the material or service that is required.

For a better understanding the example is restricted to
one (product oriented) PSS which contains a defined
pump as the product part and additional services. The
added services are: pump maintenance, damage repair
and empowering the user for the repair.

4.1.1 Product part of the example

The product part of the PSS consists of the already
mentioned end-suction centrifugal pump. Other physical
parts such as the pipe system, or the drive of the pump
could expand the PSS, but in this example they are not
considered and taken as given. The pump is driven by an
engine through the shaft, which is mounted in the
housing and on whose end an impeller is mounted.

The pipe is axially connected to the inlet of the
housing of the pump, through the impeller, the fluid is

sucked and passed through the outlet of the pump back
into the pipe system. In the example shown here, the
focus is on the impeller of the pump and its installation
and disassembly.

4.1.2 Service part of the example

As service part of the example the disassembly of the
impeller is shown in excerpts. Two types of service are
taken in consideration, first the process of the
disassembly by a trained technician (no, or little support)
and second the process of empowering the user for the
repair (maximum support and protection against faulty
operation).

4.2. Realization of the example

For the realization of the example, the four steps of
the procedure presented in section 3 are executed.

4.2.1 Schematic representation

In the first step the PSS is sketched schematically
with the approach of Steinbach (section 2). Fig. 10 shows
a part of the system. It starts on the right side with the
value proposition of the PSS, a guaranteed pump
performance. At the properties level the required space
or a maximum downtime is noted. The properties are
connected to the characteristics through relations which
are restricted by external conditions, in this example
among others obviously the DIN EN 733 [40].

Characteristics = DINENT733 Properties
— | —
{ Pump Search [
- l
= Dimensions — ‘_f___* v Requ\red space
= Assammy Dimension (Adaptor) ®
ow
@ = Quiput Costs e
‘o = Base (dim) //T 2
5 . /v - E
b=} Dl . - ) 2
o T |Co nﬁdence | . §
= D {Repair | Max. downtime: | |€
= R | |\a
£ . £
% Expenence " E
- | = Rehahlhty | | (&
L* | -
-

Fig. 10. Detail from the schematic PSS depiction

Next the characteristics level is shown, it includes for
example the product part with the dimensions of the
physical artefacts, or the assembly structure which can be
manipulated directly by the developer. Beside the
product part also the service parts of the PSS take place
in the characteristic level. In fig. 10 the repair is shown
with potential characteristics like the qualification of the
worker and with process characteristics like time
information.

On the left side of the representation the internal
relations are displayed, where the relationship between
"Assembly" and "Qualification worker" and "Assembly"
and "Duration" is presented. The correlation of the
complexity of the used components (and their assembly)
and the education level of the technician is important
when an appropiate technician is to be chosen as well as
the amount of needed support. Also the dependencies of
the assembly complexity and the duration of the service
(an assembly with a higher complexity results in a higher
duration) is formulated through internal dependencies.
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4.2.2 Concretization of internal dependencies

To concretize the internal dependencies the second
step of the procedure follows. With help of the
specification, the characteristics of the product parts are
elaborated. These characteristics are for example the
dimensions of the artifacts which are defined among
others by the length with a concrete value or a defined
parameter which represents a value range. But also
characteristics like maintenance intervals, the expected
part lifetime, the monting difficulty, or the position in the
mounting sequence. The characteristics of the service
parts are developed by means of the EPC (section 2.4).

As mentioned before the service focuses on the
disassembly of the impeller. As an example, the EPC for
the process of the disassembly by a trained technician is
shown (see fig. 11). Furthermore a part of a technical
drawing of the pump with item numbers is depicted. The
numbers are used in the EPC for a better orientation
when one of the items is named

Impeller has Housi
to be dis- ousIg 15—,
loose
assembled
Remove
housing (3)

Impeller ()
disassemble
|

Loosen
screw (10)
connection

Slotied nut (5) Slotted nut is
loosen accessible

Impeller is

Impeller is |
disassembled

accessible

—_—
ﬂ Remove seals

| 489
Ll

Fig. 11. EPC of the Impeller disassembly

The EPC starts with the event "Impeller has to be
disassembled" which triggers the function "Loosen screw
connection™. This results in the event "Housing is loose",
and is followed by further functions and events. The EPC
ends with the event "Impeller is disassembled", which is
preceded by an "and" connector, connecting the two
previous functions "Demounting impeller" and
"Demounting seals".

Fig. 12 shows the extension of the EPC on high detail
level for the function "Loosen screw connection™ in case
of empowering the user for the repair service.

/ Housingis
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{ tobeds- ) screw (10) »
assembled /| connection_ | _ '\

"
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/Impeller has®, { Loosen

procedure
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instruction [
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*smart device”
o] (AR-glass,
. tablet)

Fig. 12. EPC extension with high detail level
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The extension takes place on the one hand by
incoming ("Working instruction” and "Customer
communication™) and outgoing (entry into "Procedure
protocol") information service flows. The human work
performance of the "Account manager" (“supports™) and
the "User" (“executes") enter the function via control
flows. The "responsibility” of the organizational unit
"Customer advisory service" and the "use" of the tool
"Screw-wrench” and the computer hardware "smart
device" are also incoming through control flows.
Incoming and outgoing is the information flow of the
application software "Assembly instruction and control".

In addition to the EPC and specifications, the
parameter plan and the configuration process plan are
also used for specifying the internal dependencies. In the
parameter plan, all parameters are listed, how they are
passed on within the model and by which constraints and
rules (global and local) they are connected to each other.
An example of this is the required flow rate of the pump.
The flow rate leads a certain norm impeller, which
determines the diameter of the shaft at the corresponding
shoulder by means of its standardized inner diameter.

The configuration process plan is a formal model that
visualizes the process of the configuration and contains
actions (or functions), input parameters and decision
points.

In the next step the product and service parts
including all parameter as well as the constraints and
rules are translated to the CAD system (fig. 13).

| Pump - {
= Dimensions |
= Assembly |
= Qutput
= Base (dim.)
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f — 2
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| S=
D, epair 1
= Potential charact.
—T = Qualfication worker
(Knowledge, ...)
= Manpower

Internal Dependencies

= Process charact.
= Time (Duration, ...)
= Cyce

Fig. 13. Transfer of the schematic PSS to a CAD-system
4.2.3 Translation to the CAD system

To build a holistic data model in the CAD system the
physical artifacts are created (as parts in Inventor). In the
part document the parameters of each artifact are
managed by the parameter table. In fig. 14. the part
wimpeller” is shown including the parameter table which
contains the physical part parameter like the geometric
information and in the section “user parameter” also the
extended information.
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Fig. 14. EPC extention with high detail level

The extended information connected to the impeller
are for example “assembly complexity” (which is related
to the service technician), “maintenance interval” (which
contains the information after how many working hours
the part should be checked or changed) or “mounting
tools” (which contains the information what kind of tools
are needed). In the comment field these parameter are
described in a short sentence and linked services can be
named for a better orientation. This is executed
analogical for the other parts of the pump.

The parts will be assembled in the main assembly,
which includes all parts of the pump as well as the
related parameters, so it contains all information.
Additionally it also contains the GUI realized by the
iLogic environment.

4.2.4 Exploration of the solution space (GUI)

The exploration and controlling of the solution space
is realized with a configurator in the main assembly. The
GUI is based on iLogic and on information which are
stored in iLogic (by formulas and rules) as well as the
linked parameters of the parts. Fig. 15 shows the GUI
with which the PSS can be configured and the solution
space is spanned. In the first step, the component and the
type of service can be selected via the GUI. In a next
step, the more precise specification of the service takes
place, for the repair, for example, it is determined who
executes it (either the service technician, or the user by
itself).

T PeG

®Laufrad
) Laufradmutter

Dienstleistungs-Planung

3 Abbrechen < Anwenden

Fig. 15. GUI of the PSS solution space

An example of the constraints of product and service
parts and how it is realized in the model is the relation of
the assembly complexity and the education of the service
technician or the user. In the configurator it is possible to
choose a part (in fig. 15 the impeller) and type of service
(repair). The next step is to assess whether this service
can be done by the user or whether it has to be done by a
service technician. For this purpose, different parameters
for the qualification level of the users and technicians are
defined (in iLogic) as well as parameters describing the
assembly complexity of the parts, assigned to each part.

These parameters are compared by rules and thus it is
to determine whether a repair can be executed by a
person. If this is not possible, a higher qualification level
may be required (service technician), or the person with
a low qualification level (user) may be supported by
assistance such as assembly instructions and tool or part
lists.

Finally, the structure of the described data model in
the CAD environment is shown schematically in figure
16. In the middle of the representation the PSS model is
displayed which includes product (e.g. pump) and
service parts (e.g. repair), such affiliations are indicated
by lined arrows in the figure. The service includes
service parts (e.g. disassembly of impeller) or activities
(e.g. loosen screw), all of them are represented by ovals.
The products as well as the included assemblies (e.g.
shaft assembly) and parts (e.g. impeller) are represented
by rectangles with rounded corners. Knowledge and data
are represented in the figure by rectangles and the flow
of information or data by dashed arrows.
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Fig. 16. Shematic Representation of the datamodel
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With the control knowledge the PSS is defined and
the included product and services are selected (by the
GUI). Part of the control knowledge is the reasoning
algorithm (realized by iLogic code) which select the
necessary service and product parts and components. The
knowledge-base which is part the domain-knowledge,
can be realized by constraints, templates, features, design
rules or parameter tables (e.g. by the extension of the
part parameter by parameter tables or rules realized by
iLogic code).

5. CONCLUSION AND FURTHER RESEARCH

In this paper, first the need for solution space
modeling for PSS was outlined. Subsequently, the
solutions space modeling of physical artifacts and ARIS
with the EPC as a method for service modeling were
considered. A promising approach for the development
of a constraint-based CAD model for a model-based
configuration was shown and extended with solutions
space modeling of physical artifacts and ARIS. An
approach to solution space modeling for PSS was
presented and an application example described.

The description was a simple application example
with only one product and a limited number of services.
In the following research the method will be executed
with bigger and more complex systems, furthermore a
detailed description of the implementation of the model
in the CAD environment will take place including a
procedure model.

The approach shown in this paper will be further
elaborated and detailed in the future and evaluated in
further application examples. Furthermore, an extension
of the model with more information, such as the
integration of priority graphs and an automated
optimization of the system, for example with regard to
the adjustment of maintenance intervals of adjacent
components, must be reviewed.
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