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Abstract: A common description of Mass Customizationariety as small and efficient as possible [7]. Robust
is offering individual, customer-specific product variantgprocess design aims at developing and managing a value
with mass production efficiency which targets both atetwork that is capable of efficiently realizing variety in
manufacturing and distribution. In order to do so,production and distribution [8, 9].

defined degrees of freedom are introduced into a product However, MC principles have been successfully
model or portfolio which are restricted by choices andpplied in business-to-business contexts, e.g. in
decisions a customer makes in a co-design process, argechanical and plant engineering [10]. A driver for this
in a product configuration system. Althoughis the constant request for better performance and
customization itself is already a value propositionefficiency, which leads to increased variety and
businesses feel the need to further differentiate from th&ooperative business models in that industrial sector, too
competitors so that accompanying services, such as[ihl-13]. In particular, solution space development
the area of after-sales, become more important. In trsupports such suppliers in raising the quality of design
present paper, the question is raised how after-sales carntefacts, shortening lead-time in development and
be integrated into a MC offering and which concepts angutomate routine design tasks by e.g. knowledge-based
tools are beneficial for this purpose. Therefore, currenéngineering systems in order to shift human resources to
topics in after-sales, like e.g. predictive maintenance aridnovative problem solving [14]. Another application is
service assistant systems, are related to the three MC kbg use of product configuration systems in pre-sales in
competences choice navigation, solution spaasrder to support sales engineers in decision-making,

development and robust process design. planning, quotation and calculation [15].
Key Words: MC, Service Support Systems, Service Nonetheless, especially mechanical and plant
Modularization, After-Sales Services engineering companies face a shift in their value

proposition which sets the focus to accompanying
services and after-sales [16-18]. As businesses begin to
1. INTRODUCTION offer solutions instead of selling products, which is also
Supplier in many industrial sectors face a demand f ddressed in the discussion on product-service systems
0], it becomes clear that a long-term perspective

individualized offerings and a wide range of custom . ; . .
. . . Tegarding technical support, maintenance and upgrading
requirements [1]. Business-to-consumer markets, like .
. iS_a new source for generating revenues [19]. Hereby
apparel or the automotive sector, are examples, WheCrﬁallen ing is the rising complexity of the correspondin
Mass Customization (MC) business models have beén ging 9 piextty P 9

: ervices as they are subject to e.g. individual use
successfully implemented [2-3]. These may b%ehavior and histories as well as the fact that assets are

understood as hybrid competitive strategies that comblneeOI in a networked environment [20]. Since MC key

cost leadership and differentiation with respect to definecom etences have alreadv established themselves. in
markets [4]. MC is characterized by three ke P y

competencesChoice navigationsupports customers to)brOdUCt engineering for complexity management [21],

. : ) X . .the question arises if and how MC can be extended
identify and specify a solution according to the“{Ig?wards after-sales and what are tools to support this.

p?gggl;?r[5ne%<]jssoa|1lrj130n|nvsolztzz tdh:vgomm:m(e:%;ii&g This article thus examines service provision and
P Lo pa P supporting tools in after-sales and relates them to the
product models that have defined degrees of freedom |n

three MC key competences. The research follows the

order to be configurable and realize a large externgl ~. -
variety that is visible to the customer with an i”ter”%%)esé%r:,eﬁfsezr:himtférogrgﬁgezvé?kmf/gr[qu]étﬁgésawgng
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supporting tools to mass customize service offerinigh 2.2. Service Support Systems
a focus on after-sales.

The remainder of this article is structured asofol:
Section 2 presents the research background witfeces
to after-sales and service support systems anésepts
the first descriptive study according to the DRMiathis

Service support systems provide relevant infornmatio
at the point of service to raise work performanas.
such, e.g. operating instructions, maintenancetést or
fault diagnosis queries are made available in a

mprehensive way at the right place and time [26].

used to understand the research problem and igent . .
: . : . ereby, beneath the actual information system &ed t
influences on it. Section 3 then describes theettvi€ . .

data backbone, the tool dimension needs to be

key competences and the tools that are used fon.the = . -
After presenting the research method in Section Rarncularly considered for two reasons: First, thel

. . . Mmust fit to the use case of the technician, e.gemime or
Section 5 then extends this framework towards sesvi . .

: I she needs both hands for measuring current in &aton

Both sections correspond to the prescriptive stfdje ) o e o
DRM, where, relying on assumptions and experienaes,un't' a _hgndheld device is not beneﬂma} for Inaang
solution to the given problem as well as supportin rqducpwty. S(_acond, the tool |ts_elf restricts thay in
methods and tools are developed. Afterwards inicect hich information can be transmitted and visualiaed
6, this framework is applied to develop mass cu&ec sets time and space constraints [29, 30].

after-sales services within a single case studynfrocor;]rhaerislé?]e t:f Zm:rr_tt;)):sendesngg t?glﬁzuglilfgvsr}]o':]e
mechanical and plant engineering. This is refleaad P pap '

8mplex data and interactivity, e.g. querying serksda

discussed in the subsequent section 7, which al ; : L ;
. . irectly from the service object and linking eriorages
concludes the article and mirrors to the secon

descriptive study in DRM with  repair processes. Due to the heterogeneous
' landscape of devices, a large variety of produatuies
(e.g. display size, interfaces or interaction maddras)
2. RESEARCH BACKGROUND is available. In comparison, smart watches are more
The life cycle of industrial machines and plantenof Jimited in display size and interaction possibditj and
spans several years or even decades, where operatifus the supply of information, are more limitedr fhis
must be ensured [23]. For manufacturers of sudieason, smart watches are used for visual, acouostic
equipment, new potential for value creation resfittsn  haptic (warning) messages or work instructions [31]
product-related services, which range from press@deg. Head-mounted displays, such as smart glasses, €an b
technical consulting and planning) over sales (e.@perated by speech and gesture recognition without
installation and training) to after-sales (e.g. m@mance physical interaction and can directly capture tlserls
and repair) [24]. Leveraging this potential offersield of view via an integrated camera. The dispisy
important differentiating features for companies iralso located in the field of view, so that the mistion of
comparison to their competitors [16]. the information supply during process execution tede
21 After-Sales place without inte_zrruption [32]. A_curr_en_t disadt&axglg is
also the small display area, which limits the vgrief
After-sales services include e.g. supplying thapplications compared to smartphones, as well as
customer with spare parts, carrying out maintenamee wearing comfort and a low battery life. Augmented
repair measures or technical support and trairiitngis, reality (AR) glasses are intended to reduce thiblem.
they extend and intensify the relationship betweeAR allows the representation of and interactionhwit
manufacturer and customer beyond simply purchasingtual (3D) objects directly in the real environmend
repeatedly [19]. As such, these services do noy onks such is not limited to a single technology [38]the
contribute to customer loyalty, but also signifitarto  context of service support systems, AR applications
revenue and profit in modern industries [25]. mobile devices as well as on glasses like the Migfto
Technical services in after-sales have a high le¥el HoloLens are investigated [34]. Compared to smart
complexity [26]. Installation tasks follow a plarile, glasses, AR glasses have a semi-transparent digfitlay
linear process sequence, but maintenance measawves ha larger display area and overlays the real enmigom
non-linear, dynamic sequences of action [27]. Quste with virtual objects. The interaction is done byesph
specific machine configurations, third party comgats recognition or gesture control. Especially earlyides
and retrofitting deepen this problem, as individuare criticized for their low field of view, wearirpmfort
circumstances and boundary conditions must be takend inaccurate tracking of input gestures [35]. As
into account during process execution. In additit®, mentioned before, the choice of a service suppsitem
digitization of products, as currently discussedamthe must always be made for the specific use case. A
term Smart Productg§20], introduces a digital degree of combination of different devices to compensate the
freedom, which on the one hand enables new produghitations of individual ones is generally possilj86].
functions, but on the other hand also further iases the Existing research work on service support systems
complexity of maintenance measures [28]. shows that, in addition to the choice of techno|aiine
The documentation of knowledge required to carrgcope of the system also must be designed flexibly.
out maintenance measures is often limited andcskati Kammler et al. [35] have developed an AR assistance
form of design and process information, decisieesror system and investigated whether it is suitable for
fault images. Accordingly, the performance ofsupporting knowledge-intensive services. In additio
knowledge-intensive services like performed in rafte taking into account existing requirements for téchh
sales places high demands on the service techi#dn customer service and HMD-based assistance systems
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(e.g. [26, 37]), a modular concept was developed amased on a vendor-consumer system. In this sydiestn,
implemented with the help of service experts. Ththe requirements and the state of a buyer are mddel
system can take over the guidance of complex pseses Afterwards the transformation rules into a desistate
and proactively provide information on required repa of the consumer follow. This is realized by decosgmb
parts and tools. Through the connection to theiserv functional units of the service provider, similar the
object, sensor data as well as context-sensitivming feature-based modeling in geometry design. With the
messages are displayed in case of e.g. increasatvice design catalog, Akasaka et al. [49] prowdde
temperature. A channel to the back office can bextension for the Service Explorer. The catalogdesd
established via a communication interface to previdthere is developed as a support system for thehegist
technical support for process execution. The ARf service parts of a product-service system. dvjgles
assistance system is perceived as advantageou® in gervice modules for functions to be implementeduoh
evaluation, but the technology used is criticizedhw a system.
regard to the display area and interaction mechamis

Another example shows the application-specific 3. FRAME OF REFERENCE
requirements based on the documentation
measurement of chronic wounds in the healthcar®s
[38]. Here, hygiene standards and time expendjpose
a particular challenge. The developed tablet apptio
was discarded due to additional disinfection effamtl
instead an AR application was developed that can be 3.1. Choice Navigation
operated without physical interaction.

Current research work is further developing th

and In order to develop a reference framework, existing

€CMC literature reviews have been meta-reviewed ®, 5
54]. This framework is used and extended towafi#s-a
sales in the following section 5.

The idea behind choice navigation is that inforomati
%ystems, e.g. a sales configurator, help custorteers

concepts toward_s context-sensitive, _adaptive SerVi%prore an offering and to specify a product variaat
support systems, introduced 3mart Assistance SyStemsoest meets his or her individual requirements. The

[39]. However, the development effort for such epss information system assures that this specification

means that t_hey are not only develop_ed for Slr'gll(‘?omplete (users without direct product knowledge an
individual services, but for a service portfolio.

expertise can determine all requirements in a strad

2.3. Service Engineering and intuitive manner) and consistent (conflicting
requirements are recognized and resolved) [5]. The
following tools are dedicated to choice navigation:

» Sales Configuration: These are a tool to let custam
participate in a co-design process. Functionalities
include translation from customer requirements into
product variant  specifications, highlighting
differences between multiple variants and aid in
decision-making, product visualization, calculation
and generation of order documents [54]. As benefit
for the supplier, sales configurators allow to kréwe
configuration process and record multiple
interactions of the same customer, e.g. to generate
purchase suggestions [55].

Recommender Systems: A recommender system
combines the product model that is used in a
configuration system with a user model to extrajola
which configurations (or more generally which it§ms
could be of interest for the user. Basis for thsyrhe

e.g. demographic data or preferences [56].

Customer _and Customer Relationship Management
Systems: These allow for creating a customer
collaboration strategy instead of simply keeping
records about customer transactions. The supplier
uses data acquired during the co-design process to
learn about preferences and occasions with respect
purchase decisions. Used in a trust-worthy wayg thi
enables a learning relationship and thus deepens
customer relation [57].

Although services differ fundamentally from physica
products since (1) production and consumption ¢déc
(2) they cannot be stored and (3) are immatergayjices
are subject to design and development activitiethe
field of service engineering. A detailed discussiohn
service engineering in context of after-sales igobne
the scope of this article, nevertheless the dissatioin
of methods and tools from product development dediv
valuable insights [10, 40]:

In his work about product-service systems, Morelli
provides various processes for development, whieh a
mainly based on so-calledlueprints i.e. on the
workflows ~and flowcharts of various already |
successfully planned and executed services [41lis It
inspired by an established process for the devebopof
physical products and software artifacts, which as
templatesTemplates may be understood as a parametric,
updatable, and reusable building blocks within gitdi
prototype [42].

Another product development concept that is applied
for service engineering is modularization [43]. ilndual
services are broken down into numerous elements wit
corresponding interfaces to provide a basis for
personalization [44, 45]. Analogous to productfplahs,
service platforms have been established to manage t
complexity of modular and configurable services,
defining standard and personalized service elemands
relate them to operational resources [46, 47].

Regarding computer aided design and configuration 3.2, Solution Space Development
of services, single approaches have been introdoaed . .
the maturity of comparable systems as in the prioduc Sqluyon_ space de"e'op'”f.‘er.“ determines t.he_s_uccess
design domain is not reached yet [10]. in eliminating the contra_dlctlon .between mdmdual

Sakao et al. [48] developed the Service Explorer tBrOdUCt and mass prod_uct|on efﬁaency that is el
provide such a computer-aided service modeling todfl MC [4]. The solution space defines degrees of
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freedom, choices and options, which the customer conceptual design to detailed design and definitibn
determines during the co-design process [58]. keda product and production data [10].
into account responsive production and distributadn
product variants and is kept stable over a longeiod
of time [8]. Regarding the discussion of the design The design of robust processes has two
solution space itself, refer to [7]. Solution spaceonsequences: First, it enables to quickly connect
development involves, amongst others, the followingrganizational units and resources in order toigoné a
tools: customer order-specific value creation network [8].
* Product Family Design: In order to reduce variantSecond, it leads to a description of the portfodib
induced costs, product families share commooapabilities of this value creation network and the
features and components accross multiple produictcorporated manufacturing processes. Fed back into
variants and allow variance only in defined areas olution space development, it formalizes produnctio
components [59]. Further on, product platform&nowledge and describes limits of the solution spdg.
integrate components and the necessary interfad@ebust process design uses as tools and methods e.g
which provide basic functions for a large number ofe Postponement: Postponement means to shift the order
product variants [60]. penetration point towards the end of the production
e Modularity: Modules are self-sufficient building  process. All manufacturing stages before may be
blocks that fulfil defined functions and that cae b  treated as standard, what raises efficiency [67].
designed, manufactured and validated independently Cross-domain and Cross-Enterprise Information and

3.3. Robust Process Design

from each other and the later assembled system [61]
Modular designs offers not only the possibility of
exchanging faulty modules during maintenance,
upgrading the product through improved modules or
quickly dismantling a product for disposal but alto
for creating a large solution space due to the
combination possibilities. Different types of
modularity, like e.g. component swapping modularity
or bus-modularity, have been proposed [8]. .
» Design Parameter Variation and Forward-Variance
Planning for Multi-variant Products: The concept of

design parameters describes geometry based onredundant

topology, shape, dimension, count, sequence,
tolerances, material and surface finish. In order t

Knowledge Sharing: This enables (1) product
development to quickly communicate customer
requirements, demands and habits with the goal of
speeding up new product development and
introduction, (2) production to coordinate the slyp
chain and optimize daily operations and responses
and (3) operations and finance to strategically
integrate manufacturer and suppliers [68].

Supply Network Coordination and Management: In
order to organize for product variability,
manufacturing needs to be set up as flexible, even
production units which offer their
resources to the organization. Scheduling, decogpli
and optimizing the trade-off between variety and

explore the solution space, a corresponding design costs are the major points of interest here [51].
methodology describes alteration rules to these Resource-based Configuration: This is a special
parameters, e.g., changing the sequence of machine configuration approach that is dedicated to balamci
elements or to change the topology of a structural resource allocation and consumption in a technical
component [62]. Based on these design parameters, asystem, which can be a product or a production
specification language for multi-variant productasw  facility. The resource is a conceptualization of a
implemented to combine design parameter variation relationship between components and / or their
and solution space development [63, 64]. environment [69].

» Design Prototypes and Templates: A design Product-Process Configuration: This approach uses
prototype represents a space where a design drtefac constraint networks to integrate a domain model of
may be altered in a defined way and serves e.g. as selectable product features and characteristics,
template for variant creation [65, 66]. From a product components or features and manufacturing
computer aided design point of view, such templates processes used to produce and assemble the
accumulate several model elements into a reusable individual product variant. When resources such as
building block of a part or assembly model and production equipment and processing times are
implements task-dependent knowledge of previous assigned to a manufacturing process, the seleofion
development projects and a scheme how it is applied a product variant also leads to a configurationhef
to a new situation [43]. necessary process chain [70].

+ Knowledge-Based Engineering Systems: KBE
systems are computer-aided problem-solving tools
for engineering tasks that combine computer aided
design, object-oriented programming and techniqueé1
from artificial intelligence to e.g. automate rowi
design tasks. Instead of individual product vagaat
common master model is set up as an image of t
solution space [7]. , fheory integration [71].

¢ Design Automation Svstems: As. particular type o As such, two aspects in particular need to be
KBE systems, design automation systems fully,,gjgered. On the one hand, the theories to bgriated
automate a design task from specification ovef st follow similar assumptions (compatibility). the

4. METHOD

While some of the above approaches from product
gineering are applied to make the high complexdty
after-sales offers manageable, the MC key compesenc
oint at further tools and methods. Their applmatin
rvice Engineering can be ascribed to cross-diisaiy

70



present case, the tools within the disciplinesofslla model (how is the outcome achieved?) and a resource
comparable understanding, so that, e.g. thmodel (which resources are needed to provide the
modularization of service and product components &ervice?), similar services may be merged into a
accompanied by the decomposition and definition gfarametric design: Resources and the process may be
interfaces. On the other hand, the concepts usest Ineu written as degrees of freedom, the instantiatiorthef
comprehensible across disciplines (communicatioproduct model then determines resources and treegso
clarity). accordingly.

By considering preliminary work from service and Service Engineering offers methods to develop
product engineering, it is ensured that the dewesop decomposed service partService modularizatiorwas
framework meets the requirements of real businessex already charcterized. A specialization of this et
As stated above, we follow the DRM, which has asea concept ofelementary servicesThe assumption is that
successfully been used for the development @h elementary service describes a not further
interdisciplinary frameworks and design supportildoo decomposable task or action. A service may then be
[22]. composed by combining and layering of multiple

With the help of expert interviews, relevant toatel elementary services [72].
methods were identified to ensure their practical In after-sales, a service aims at a state changa of
applicability [72], the coding of the results, i.the installed physical product, considering its indived
integration in the key competence framework, wabkistory and the individual circumstances for sesvic
carried out by three independent experts. provision. A simulation can help to raise the gtyadind
speed the service in two senses: First it can be
understood as training activity for the later seevi
provision, second it allows to determne long-temd a
hside effects of the service. A supporting concept
therefore is provided by th@igital Twin, which is to be
understood as digital representation of an activigue
artefact which records and processes charactstistic
conditions and behaviors using suitable models and
information systems [73-75]. In the context of s$imn

Taking the implementation for traditional productSpaCe development, the Digital Twin supports servic

offerings mentioned above as a basis, an implertienta engineers as co_mputer_alded, and potentially krugde
for service is defined as follows: The solution &pa based, engineering environment [76].
model describes units of service, their correspundi
resources and interfaces as well as the composition
such entities to valid service offerings.

Considering the solution space as a contain
representing the external variety of an offeringy fie
service equivalent is aervice catalogthat includes all
possible services that a company can provide.
services can be descibed according to Bullingel P40
product model (what does a service offer?), proce

5. AN EXTENDED MC FRAMEWORK FOR
AFTER-SALES

The framework developed here (Fig. 1) integrates t
discussion from the research background and erwiithe
with experiences from pre-studies in the field efvice
support system integration.

5.1. Solution Space Development of Services

5.2. Robust Process Design of Services

As robust process design describes the infrasteictu
& realize variety, the according definition fonsees is
infrastructure for safe execution and orchestratidn
services as well as provision of required resources

As discussed in section 3gervice support systems
AI|?<e smart glasses are a valuable building bloclsunh
'ggfrastructures. As central operational resourcatched

Mass Customization Key Capabilities

Techniques

Implementation
for Traditional
Product
Offering

Implementation
for (After-Sales)
Service
Offerings

Choice Navigation

Solution Space Development

Robust Process Design

- Sales Configuration

- Recommender Systems

- Customer and Customer
Relationship Management System

- Case-based Service Advisor

- Digital Service Portal

- Service-Configuration

Product Family Design
Modularity and Parametric Designs
Design Prototypes / Templates
Knowledge-Based Engineering /
Design Automation Systems

- Service Catalog

- Service Modularization

- Elementary Services

- Digital Twin

Postponement

- Supply Network Management

Resource-Based Configuration
Product-Process-Configuration
Portfolio-of-Capability Modelling

- Cross-domain and Cross-Enterprise

Information and Knowledge Sharing

- Remote Monitoring Systems
- Service Support Systems
- Service Platforms

Product Configurator helps Customers
to explore an offering and specify best-
matching variant.

Solution space model clearly describes
options and degrees-of-freedom as
configurable entities.

Supply chain configured from loosely
coupled networks of modular, flexible
processing units.

Service configuration allows customer-
specific development of highly-
responsive and dynamic service offers
according to varying conditions.

Solution space model describes units of
service, their corresponding resources
and interfaces as well as the
composition of such entities to services.

Infrastructure for safe execution and
orchestration of services as well as
provision of required resources.

Fig. 1.MC Implementation Framework for Product and Serdéerings
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to the task to be fulfilled, they do not only er@mbl be ensured. The knowledge about the corresponding
information provision, but interacting with the g¢iee service processes is partly documented, but due to
object (e.g. visualization of sensor data) andration oftenly customer-specific problems and partly thirear
with other services as well (e.g. connecting thedfi old machines installed, it is mainly available Hyet
technician with the backoffice). know-how of the manufacturer's service technicidns.
As information systemigital service platformsake addition to very complex services such as faultyaigesis
the role of coordinating required functions andré¢tiere when the machines are down, classic wear part
necessary resources. Additionally, such platformeplacement and maintenance work complement the
orchestrate service execution. company's service portfolio. The customer can selec
Regarding interaction with the service objectthese services and their term from a list when lpasing
streaming of e.g. sensor data and diagnosis ofatipgr the machine. Spare parts supply, safety stockstlaad
states is an important factor that supports thertean scope of the maintenance work can be defined
in making decisions. Aemote monitoring systeallows individually. The fleet of service technicians pesses
to track machine data already from the back office the specified maintenance dates and is sent to the
plan service execution already in advance. customer at short notice in the event of unplanned
machine downtimes. Due to the high costs associated
with such downtimes, the time and quality of sezvice
Following the idea that choice navigation helpkey targets for the service offering.
customers to exactly specify what they want, a A redesign and expansion of the after-sales service
corresponding definition is Service configuratidlows  offering was initiated in order to aquire additibnzarket
customer-specific development of highly- responsind share. As indicative objective, the involvement of

5.3. Choice Navigation for Service Offerings

dynamic service offers according to varying cormais. customers into service provision and the perforreanc
The concept of the Service Explorer mentioned abownhancement of own service technicians were defined
is an example for aservice configurator.Although The design of the according service system was

reasoning capabilities are not reported, the canesgs a guided by the proposed framework. As a startingitpoi
model for consumer state change, which could be ase the service solution space was determined in thetist
a basis for model-based reasoning. existing services were collected and condensed in a
Another approach that is already in use in pradtise service catalog. Afterwards, these services weoldor
the case-based service advisotike in case-based down into modular building blocks in order to bdeatn
product configuration, problem and solution, herg. e configure them according to customer requiremefss.
the maintenance process, are stored in a dataliase. far as possible, modules represent an individuatgss,
event that corresponds to the problem occurs, tiike component replacement, including necessary
according process can be proposed and executids |t resources.
to be noted that a robust design of such a seadegsor In the next step, the manufacturer defined a role
depends on a robust formulation of events, ideallgnodel that described who should be able to perform
independent from wording (just relying on a comkima which service. It was agreed that for less complex
of sensor data) or using a glossary. processes, like exchanging specific wear parts, the
A less knowledge integrative solution isdigital customer should be qualified to perform them asl& s
service portal where a customer can overview theservice. For a second group of processes, theroests
services offered for a machine, add services to thie be connected to the local diagnosis center via a
contract or organize sequential service executimheag. Vvideo/audio link in order to carry out the faulagnosis
the supply with resources like spare parts. in a cooperative manner and save time.
Then the focus was switched to robust process lesig
It is noteworthy that the framework may be used iand according to the requirements, service support
two ways: On the one hand it allows the implemémtat systems were implemented. Having the requirements i
of single building blocks, independently from eather, the plant in mind, AR glasses were chosen as noah t
in order to design after-sales services more fleximd In order to guide a customer through a self-seyvice
more agile. On the other hand, all three key compets manufacturer developed a process visualization that
are logically linkable. A possible implementationshows each step and which operational resources(to
sequence can be found in the following case study. spare parts, another helping hand) are needed. A
confirmation system was not implemented, the tezsasi
6. TEST CASE FOR AN AFTER-SALESSERVICE  use voice commands to step through the procesasa
PORTFOLIO IN PLANT ENGINEERING of an unexpected event, an online link to the baffike
H’s possible to involve experts from the manufaaturée

regard to its applicability with a medium-sized quany same counts for the_ replacem_ent of system-re_levant
from the mechanical engineering sector. Th&omponents that requires supervision by an expegikn

manufacturer of industrial production plants sels service technician using AR glasses. For own servic
products worldwide to customers from variousteChn'C'ans' the manufacturer started to implement
industries. Due to the heterogeneous requirements case-based service advisor for fault diagnosiso Aking
plants are highly customized for the use case. T glasses, the technician logs on sensor datauaes

product life cycle sometimes spans several decadé de v0|cet {_nterface to navigate through the machine
during which spare parts supply and maintenancet mfgZcumentation.

The implementation framework was tested wit
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Since customers refuse to integrate remothat the digital customer portal should be in amnbius
monitoring, the service support systems were designa exchange with the service configuration and the
communicate directly with the installed maching,. éor configured assistance system in order to operdimmna
data streaming. So the AR glasses allow to log ahe potential of agile service configuration evertsae
sensors in a guided way and stream data in shagera  isolated application areas.

As choice navigation tool, the manufacturer This work is not free from limitations. The sensce
implemented a digital service portal. Here, the@mmers focussed here are technical services from aftesshiat
can continuously monitor and adjust their servickave a certain complexity, usually incorporate
portfolio. The manufacturer's experience with theperational resources and the involvement of human
machines or that of other customers is incorporéied beings in service execution. E.g. financial serviaee set

offering recommendations for the service portfolio. in a completely different environment and thus \kd
to other design tools and support systems.
7. DISCUSSION AND CONCLUSION Furthermore, the main point of interest for thesser

ystem was drawn on service execution. Regarding
iability and e.g. transparency of accounting, such

flexible. In particular, the interaction of servioedules, systems offer potentials as well. With smart glasse

technologies and the associated complexity arfrvice execution may be recorded or _monltored
addressed. At the same time, the tools can injitiad externally. Th_|s may be taken as a basis in case of
implemented as isolated solutions, e.g. in the fofra warranty claims etc. Hereby, legal aspects like

service configurator, so that the existing sertiasiness surveillance O_f pe_r_sonal_ must b_e kept in m'n(.j' .
does not have to be replaced in total. From a scientific point of view, the consideratioh

By concretizing causal relationships between thecrvice engineering Is _rather_not complete. A fmihg
elements in the service solution space, dependeacié extensive literature review might lead to otherlding

information gaps can be identified. The advantagfes bIoc_ks for the implementatipn framework. This is
this approach lie in the agile development of Sofut particularly true for the integration of the resgraarea of

building blocks independent of new technologies gymart service systems Wh'?h are understood as bsem
service ideas, so that both new customer needs .smart prqducts apd digital services that rem’ese
current trends in service development are taken ir?bo |st|q solutions which are not limited to fulfila
account. predefined set of customer needs but to adapt to

Regarding the tool dimension of the service suppo?hangmg requirements over time [79]. . .
system, the project has confirmed the iterativeimeabf Fokussmg back on mechamca! and plant engineering,
such implementation projects. Testing the equipnient the expansion of after-sales Services as a d|_ﬁfertmn :
the later real environment is a necessary task. Fopaiedy and revenue stream is already being active
example, technologies such as AR require the atiapta pu_rs_ued in many industries. The role of the custome
of visualization forms, since they offer only a iied shn‘tmg from.the b.uyer of a prpd.uct. to the recrmef a
display area and peculiarities of human vision. (bligpd service offer!ng tailored to their individual needghile
spots, peripheral vision) have to be taken intooant the a_daptau_on to these needs has already _becqme
when displaying information [77]. Since these fimgh established in the prodgqt area, the _custom_erafsupem
often only come to bear during the operation ofeavn development and provision of services St'l! poses
technology or the execution of a service, an adapind chal[enges for companies, so that often only pfedef
feedback into process design is necessary. Services can _be cho_sen_ from. : .

Linking product and service, a knowledge base with As a deS|g_n guideline for the |mp_Iementat|or_1 of a
service information (processes, sensor data frawicee mass customizable after-sales service. portiolicz th
objects, error patterns and solution approaches) [EPlemented framework met the expectations durireg t
successively built up and condensed, which can keen project and Serves as starting point fqr the disions
used both for further development of the serviqepeut 2P0Ut Mass customizing (technical) services.
systems and also for the optimization of the prode).
the redesign of susceptible component geometries. 8. REFERENCES
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