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Abstract: Product Service Systems (PSS), can kbat only about one-third of German mechanical
considered as mass customization business models watigineering companies use digitally driven services to
an extended time horizon. For the development of suelkpand their own offerings. And only one fifth use
customer-specific hybrid value propositions, small antechnological progress to establish new business models.
medium-sized enterprises (SME) face the challenge Diie obstacles to this do not usually arise from
identifying relevant potential for PSS in their areas ofechnological causes, but rather have economic or
competence, as they often lack capacities, experts or theganizational reasons [4].

appropriate tools and methods. In order to counteract To counteract this, an approach to determine the
this, the paper presents an approach which allows tootential for PSS implementation is necessary. This
identify the potential on the basis of the products anshould be done with respect to the products and services
services already offered by the company and theready offered by the company and regarding the
individual customer requirements. For this purpose theustomer needs to be satisfied. This is particularly
contradiction formulation and resolution of the Theory ohdvantageous for small and medium-sized enterprises.
Inventive Problem Solving (TRIZ) included the TRIZThe obstacles to changing the business model are
Reverse approach is used and adapted for the P&S3atively high for these companies, because this process
application. The original TRIZ contradiction matrix asis always risky [42]. Therefore, potentials must be
well as existing PSS-TRIZ approaches are analyzed aitkntified, which can be implemented with small changes
enhanced to a PSS-specific contradiction matrix, whicand little effort. PSS offer new approaches for companies
is integrated into the procedure of the specific potentidb implement functions of a value proposition. For
determination according to TRIZ-Reverse. So this paperoduct development, this results in the ability to find
provides a method which supports SME to analyse tmevel solutions for constructive problems. The ability to
potential of different PSS solutions by showingatisfy conflicting requirements is enhanced by the
resolvable contradictions. And moreover to identify theervice and digitization components [1].

most promising offers for a further development and One approach to determining the potential of new

extension to a PSS. technologies is TRIZ-Reverse, which is based on the
Key Words: Product Service System, PSS, TRIZ, Theory of Inventive Problem Solving (TRIZ). It was

TRIZ-Reverse, Potential Determination, Small and originally developed in the Collaborative Research
Medium-sized Enterprises (SME) Center (CRC) 1153 - Tailored Forming to investigate the

potential of multimaterial forming components. It is used
to analyze which contradictions in conventional
1. INTRODUCTION components can be resolved by the new technology [5,

. : . 6
Due to increasing technological progress,]

digitalization and growing competitive pressure as The aim of this paper is finding an approach to

result of globalization, companies are facing gre etermine the potential of PSS by using an adapted

. ot X . .. TRIZ-Reverse. To realize this, the inventive principles
phallenges in order to maintain their economic PoSitiof, yiained in TRIZ must be translated into PSS-specific
in the future [1]. For traditional mechanical engineerin

the int i ¢ duct d . rinciples.
€ Integration Of products and Services opens up new Accordingly, the first part of the paper introduces

value creation potential [2]. Through the combination OII’SS as well as TRIZ and TRIZ-Reverse. Subsequently a

gro?uct apngs sef:cwce compon?rr]]ts, Protdugztt tSebrvl Stocedure for Systematic Literature Review (SLR) is
ystems ( ) offer companies the opportunity to be esented in which already developed PSS principles are

adapt to customer needs and to differentiate themsel e?r?alyzed and summarized in an expert workshop. The

from the competition due to increasing digitalization .[3]results of the SLR and the workshop are presented in the

However, many companies do not use the giv llowi
. T owing part 4. Then the TRIZ-Reverse approach for
potentials. The Monitoring Report of the Federa SS is explained and how it is used to discover PSS

Ministry for Economic Affairs and Energy 2018 ShOWSpotentials. Finally a conclusion and an outlook are given.
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2. STATE OF THE ART innovative solutions by resolving contradictiond][2A

typical contradiction is, for example, that the gidiof a
2.1. Product Service Systems (PSS) component is to be decreased but the strength nutist
Qg reduced. With a non-systematic solution seagai (

For PSS, different characterizations and approachgs o oo
PD Trial and Error) the probability of finding the hes

for the development are discussed in literatureS[79, . . .
10, 11]. A frequently used characterization Wagolutlon for complex problems is relatively smaiRIZ

developed by Tukker [11] and distinguishes thredses the mechanism of abstraction for this, becthese
different types of PSS (product-, use- and resulﬂnalys's of the patents showed that a large nuraber
oriented) and the Corresponding’ business mod ifferent solutions are based on a relatively smathber
depending on the content of the physical product ar? generalized solution principles. For the solnfithe

service components of the value chain (Fig. 1): concrete _contrad_lctm_n is translated into a genmdl_
contradiction, which is then resolved by a geneedli

Value Product-service system Value solution principle. The generalized solution prpies
mainly in : mainly in originate from the patent analysis and are theadled
product Seryme co_ment service 0 i incipl h lized aolicti
content | | Product contert (intangible) | | oo 40 Inventive Principles. The generalize contraaoliGtis
(tangible) formulated by two of 50 technical parameters [28].
Pure aproduct ||y oo N B Resu Pure order to ensure a systematic approach, TRIZ offees
Product oriented ' oriented Service contradiction matrix as a tool to assign the cdrrec

Fig. 1.Main PSS categories based on Tukker [11] Inventiv_e _Principles for the solution to th_e for@td(_j
contradiction. Since the number of Inventive Piphes

For the research and development of psgas remained constant over the last decades et@n af
multidisciplinarity and thus the involvement ofS€veral updates (e.g. [22]), it can be assumed rtewat
researchers from different fields of interest igreat and previously unknown technologies will also be
challenge. So far, none of the existing approachesbe covered by them.
considered as a generally accepted and standardizeds 3 TR|Z-Reverse
approach for the development of PSS [12, 13].

Nevertheless, it is necessary to integrate theferefit According to Brockmdller et al. [5], the procedure
views and to consider the components of the syste$fntradiction resolution can also be used to detem
equally [14]. the potential of unknown technologies. Figure 2veho

When considering and developing PSS, fouthe process of resolving a contradiction with TR23]
dimensions or relevant areas can be identifiedntbet compared to the TRIZ-Reverse process [5]. The lower
obvious being product and service. Which should beart of Figure 2 shows that the procedure is pevéat in
considered coequal in the development [Bloducts reverse order. The first step is to determine wiitthe
that are tangible goods and can also be produceshfe. 40 Inventive Principles offer a solution for the
Services are activities (work) for others with an technology under investigation. Then all irrelevant

economic value, usually performed on a commerci@finciples are removed from the contradiction matri
basis [16]. Now, only the technology-specific contradictionse ar

In addition to servicespformation technology (IT) Present and the potential of the technology becomes
must be considered in the context of digitizati@). [ Visible. In the CRC 1153, TRIZ-Reverse is used to
Within the framework of PSS, information anddetermine whether the use of the Tailored Forming

communication technologies enable many services afRfhnology is worthwhile for the components under
additional value creation. These are now accessibte Investigation. Here TRIZ-Reverse is part of a cotapu
affordable, and to a large extent it is possible fodided engineering environment and the first prostss
manufacturers to enhance their products witk? design Tailored Forming components from scratch.
information technology [17]. Note that TRIZ-Re_ve_rse is not to be confusgd with
The fourth dimension is theusiness model (BM)in  “Reverse TRIZ". This is an approach to detect faifuof
which PSS enables the manufacturer to offer a high@ System during early development stages, sinolahe
value that differentiastes more easily from theailure Mode and Effects Analysis (FMEA) [24].
competition. The go_al of PSS logic is to use the TRIZ Process
knowledge of the designer/manufacturer to bothease
value as output and reduce material and other @ssts| Concrete Generalised\ General Concrete
input to a system [18]. Thus, another feature ef #$S Problem Problem Solution Solution
that affects the usual ways of making profits i€ th
possibility of generating income and profits natotingh
sales but through efficiency gains [19].

2.2. TRIZ

TRIZ is the Russian acronym for the Theory of  Fig. 2. General TRIZ Process (acc. to [23]) in
Inventive Problem Solving. It is a set of methodsthe ~ comparison with TRIZ-Reverse Process (acc. to [3])
structured and systematic development of prod&s [

The knowledge underlying TRIZ is based on the asialy
of several million patents. Characteristic for TR$zthe
thinking in contradictions. The purpose is to geter

Problem? TRIZ-Reverse Process Solution
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3. DEPLOYED RESEARCH METHODS

3.1. Systematic Literature Review (SLR)

For a systematic literature review a defined proced
is necessary, in which the research question toela¢ed
and the methods for its implementation are nameds&

SLRQ 2: how were TRIZ principles interpreted in
the literature for PSS or in relation to PSS?

In the second step (2), Google Scholar and Scopus
are selected as the considered databases. GodgiaSc
is chosen because of its variety of sources and its

include a search strategy aimed at finding as mudfterdisciplinary overview of prior research inciug

relevant literature as possible and its documemdg5].

The entire review process must be disclosed, imogud
the selection of keywords and sources, the deoraif

search phrases, the definition of evaluation dateetc

[26, 27]. The result of the research is to desctie

current state of research or knowledge availabléh@n
scientific literature and to base further work bf2B].

The procedure of the literature analysis is shomwn
Figure 3 and its steps are based on the finding$ofpe
and Hold [29] and Kitchenham [30]. It is divideddrthe
following seven steps:

(1) Research question of the SLR, in which th
underlying research questions are defined. (2)cBete
of literature databases, in which a reasoned s$etecf
the databases used for the research is made.
Definition of the search phrases used for the aigmbnd
derived from the research questions. (4) Merginghef
search results, in which the search hits are meeged
duplicates are removed from the data set. (5) Appbn
of the exclusion criteria, by which the search hssare
further narrowed down and reduced by the irreleva

various studies and academic papers. It is extehged
the search in the Scopus database, as it is anrtempo
database especially for leading journals and piinge
from publications on the PSS research area. For the
advanced search in both databases, it is possildefine
different keywords and their combination and meggin
by using search phrases. This is done in the tteg (3)
jand is documented in Table 1.

Table 1.Search phrase for Google Scholar and Scopus

(,Product Service System“ OR ,PSS" OR ,IPSSf
OR ,Industrial Product Service System*) AND
(,TRIZ"* OR ,Potential determination®)

(,Product AND Service AND System“ OR ,PSS*
OR ,IPSS* OR ,Industrial AND Product AND
Service AND System*) AND (,TRIZ* OR
~Potential AND determination®)

Google
Scholar

Scopus

The result lists of the searches were sorted by
relevance, and since a continuously decreasingaete
1 the articles for our research purpose couldliz=oved

hits. (6) Conduction of the review, in which thein the rear hits, only the first 10 pages of theutts

information is filtered out of the literature andepared
for further work steps. (7) Synthesis of the reduitther
use and processing of the results from the litegatu

@ J Research question for the SLR |
/[

@ ¥ Selection of the literature database I
/

@ %Deﬁnition of the search phrases |
/[

@ %Mcrgc of the scarch results |
/[

@ %Application of the exclusion criteria |
/

@ ¥ Conduction of the review |
£ ¢
@ ¥ Synthesis of the results | 0

Fig. 3.Phases of the SLR procedljre
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The seventh step of the SLR in the context of this
paper takes the form of a workshop. The workshop

design is presented in Section 3.3.
3.2. Execution of the Literature Review

The literature analysis is carried out startinghwetep

(1), in which the underlying research questions are |

derived from the motivation and the state of the Bne
review is based on the following two questions:

literature and is it used to determine potential?
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SLRQ 1: to what extent is TRIZ applied in the PSS

(N=100 articles) were considered, which could be
assumed as a sufficiently large sample. In the steq
(4) the results from the searches were merged lamd t
duplicates removed from the lists, resulting inaanple

of N=155 articles (see step | in Figure 4 of theRSL
results).

This is followed by the application of the exclusio
criteria (5), which is illustrated in Figure 4 byeps I
and lll. First the headlines and abstracts of thielas
were read and the number was reduced to N=135
articles. After carrying out the review (6) for the
remaining articles with focus on the use of Innoxat
Solution Principles with a reference to PSS or the
determination of potentials of PSS, the selectmula be
narrowed down to N=10 relevant articles. The esalent
information from these articles was processed and
analyzed in a workshop and the results were syiztiebs

(7).

Sources Google Scholar

<-a

<-(‘

(Product Service System, or PSS, or Industrial Product Service
System, or IPSS) and (TRIZ, or Polential determination)

N=57

Search
Items

Step I

155 articles |
I

A 4
Step 1T ‘ 135 articles | ‘

T
A4
10 articles | ‘

Fig. 4.SLR Results

Step 1T




3.3. Coding Workshop One result of the SLR is that different authorsgass
. the same interpretations to different principles A
SLll?n :r%iru;o fgflu\?\}gré?g clgsls]lfslvatgzrreasrlljilztz dthr:‘Fonsequence, the focus group has re-sorted sortre of
e e _group P 9 . interpretations so that the same interpretatioahkzarly
is a guided discussion among experts from the sield

product development, industrial engineering an ssigned to a single principle. Furthermore, it hasn

information systems research. The aim of the wargsh ecognized that in the PSS area some of the 4irvee
was to create a uniform basis .for resolving conttaxhs principles are subprinciples of other ones. Inttgiions

in PSS from the results of the SLR. The workshog Waof these subprinciples have been assigned to the

planned in such a way that the interpretations hef t_respectlve_ parent pr|nC|pIe§. In addition, = some
o . . interpretations are formulated in such general $etimat
principles were discussed one after the other demoto

. . @ concrete reference to a PSS is not possible eTleage
analyse the statements. The interpretations will be . .

i . ; not been further considered. The same applies ttelypu
generalized and, if necessary, assigned to oth

o . A Srroduct-related interpretations, since in this cése
principles. In _addmon, the focus group is intedde classical TRIZ can still be used. The result of the
supplement missing aspects.

workshop is that not all 40 inventive principles tbe
classical TRIZ are used for a PSS. 28 of the caight
innoventive principles remain for which a PSS céfero
a solution. The principles P09, P10, P14, P29-R88 a
P37-P40 are not suitable for PSS or are part ofheno
The result of the literatur research shows thairinciple. For example, Principles P09 (Preliminary
definitions and interpretations of the basic inroxe&r  counteraction) and P10 (Preliminary action) areostm
principles for PSS are available in the existingréture. entirely merged into Principle P11 (Beforehand
However, these differ significantly in some cas®se cushioning). Finally, principles P18 and P28 haeerb
reason is that very specific examples are used (ergnamed from a purely mechanical to a PSS congh& (
Cosmetics [32]), or the description is very genenadl mechanical vibration to oscillation and P28 mecbalni
uses the same examples for different principleg. (e.substitution to virtualization).

[33]). Often the principles also refer to individyzarts o
(products or services) of the PSS (e.g. [34]) aodto 4.3. Elaborated PSS Principles

4. RESULTS OF THE STUDY

4.1. Results of the Literature Review

the ove_ral_l system. With respect to the interdigaapity Table 2. shows the 28 PSS principles and their
and holistic system view of the principles, theutssof interpretations that were developed during the shoi.
the SLR are synthesized in the coding workshop. It also shows which authors used the same intexjioat

Lo . for the same principle (column "same") and - ifilalde
4.2. Findings of the Coding Workshop - in which other principles the interpretation wasind
The results of the SLR formed the basis for thin the literature (column “different”). In addition

discussions within the focus group by making th&able 2. contains further interpretations (in ia)i that

interpretations of the 40 Innventive Principlesilde were added by the focus group.

to the workshop in a roughly pre-sorted form. The In order to be able to apply the PSS principles

following are the issues that were discussed in theystematically in the sense of TRIZ, an assignntent

workshop. parameter-based contradictions is also necesseagy he

Table 2. PSS Principles

PSS-Principles Same Different
_Principle 1: Segmentation o]
« Segment the service (processes) into individusbstgsroducts into modules (experts, [35], [36],
specialized machines or programs for certain skbjas E{H [40],
. Segment users/customers (e.g. needs, age, buyiagiber) | 34,1417 | [41: P03 |

* Segment the service according to local or regiatitierences
Principle 2: Taking out

« Operate Outsourcing [33], [40] [34]: P24; [40]
P24
« Clean up your value network to achieve more diceistomer interaction (horizontal
integration)
 Principle 3: Local Quality ]
« Adapt products/services to the needs of the cusiosers (personalization) [33], [34], [34]: P35; [41]:
_________________________________________________________________________________________ (40, [41] ____| P4,P31,P35 _ |
« Create a "feel-good atmosphere" in your branches [41] [41]: P6, P10,
P32, P35

» Adapt your stock keeping to the local conditionss{omer orientation)
Principle 4: Asymetry

» Provide Predictive Maintenence
Principle 5: Merging

« Bring products and services together in time aad®(sequential) [40]: P40
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Principle 6: Universality

__+ Have various services performed by one pers@ehine or program .| BaLp40) | ]
 Use already existing components of products/sesiptaces to use them additionally in [40]: PO5
_______ anotherway i ]
« Provide sharing and leasing offers [40]: P17
Principle 7: Nesting
« Offer additional services during a service (pafglle [34], [41] [34]: P40; [39]:
PO5; [40]: P20;
________________________________________________________________________________________________________ [41]:P40____ |
« Connect different services and let them exchanigerivation [41]
_Principle 8: Anti-weight ]
« Use a brand image to distract from poor quality [34]. P22, [41]:
________________________________________________________________________________________________________ P22,P29 |
» Compensate insufficient product features throudiwawe or services and vice versa
_Principle 11: Beforehand cushioning || ]
__* Use condition-based maintenansepsor integration and monitoring | || [40]: P09, P25 __ |
« Offer the user or customer securities in advangg (@oney-back guarantee) ECA;J]Z Egg, P10;
__+ Plan possibilities for updating or customer comroation (e.g. software update) | || (41:P09 |
__+ Store and interpret usage data to monitor prodelettior | || [35]: P10, P26. |
« Train users, customers or own personnel to imptioeaise or application / Provide [40]: P10; [41]:
instructions or advice ECl)g, P10, P16,
« Provide total redundancies in the value network [39], [40]
_Principle 12: Equipotentiality |
« Offer the same service at different locations Eiﬂ [40], [41]: P10
« Cooperate with others to compensate local mark&trdinces
_Principle 13: Inversion ]
_.+ Reverse the type of responsibility .| (oL 141 | ]
_.* Reverse the type of distribution .| B ]
» Reverse the type of payment (performance in adyance
_Principle 15: Dynamics ]
« Use pricing models adapted to the conditions /caseracts flexibly [34] [34]: P11, [35]:
P16; [37]. P12;
________________________________________________________________________________________________________ [41):P11 |
« Personalize products, services or programs / Riauice or system configurations and [41] [32]. P10
_______ reconfigurations ]
« Design products, services or programs flexiblyn@giant devices for temporary supply) [40] [34]: P13, P30
R SO P34;[41]): P30___|
__2 Letthe system make its own decisions || S
« Set focus on small market to serve it more effetyior vice versa [41]: P35
_Principle 16: Partial or excessive action ||
« Overfulfill requirements to keep the number of aats small (level models in configuration
or price, portfolio analysis)
_Principle 17: Another Dimension |
« Use different product-service-combinations for shene results (e.g. street cleaning,
_______ telephone advice) ]
« Use the Closed-loop life cycle/economy |[3328(]) P20; [33]:
_Principle 18: Oscillation . o]
« Adjust supply and price to demand / Use demandsaai adjust the PSS accordingly [34], [41] [34]: P19, P36;
[41]: P15, P19,
________________________________________________________________________________________________________ P36,P37 ]
« Adapt innovation cycles to technological trends I[3333é P17; [41]:
_Principle 19: Periodicaction |
 Ask for regular customer and user feedback [34], [40] |[;1311]: P14, P23
__+ Periodically check the status of all systems amdees .| [oL ]
» Adjust maintenance intervals
_Principle 20: Continuity of useful action | | ]
__+ Store learned knowledge in databases and use it . _______| B ]
 Bring regular updates
_Principle 21: Skipping .
» Reduce waiting time for customers and users/ Peoaittlitional services to "seemingly” [34], [41] [34]: P16, P31;

reduce waiting time for customers and users

« Offer the PSS flexibly and skip unnecessary presess

« Offer privileges to Reduce the waiting time of oosrs

[41]: P31
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_Principle 22: Convert harm into benefit . | | ]

« Learn from mistakes/complaints and reclamationsiamiove the processes [34], [41] [34]: P23; [40]:
RS PR P23; [41]: P23___|
s Useofwastematerials | (830400 | ]
__+_Offer additional service in case of problems tersgthen customer loyalty . __| MU ]

» Operate retrofit offers
 Principle 23: Feedback ]
__*_Regularly report sales and inventory back to enaivientory adjustments .| MU ]

» Adapt the product, service, processes and progrosrding to the feedback or usage data
_Principle 24: Intermediary ]
__+ Intermediate services and products .| B ]

» Use multi-level sales systems (direct to end custenB2B sales, platform economy) |[:‘312; P28; [41]:

. Integrate your own systems into systems of othmplgus (and viceversa) | | ]
_Principle 25: Self service o]

« Let users or customers run part of the PSS (cajdesi prosumer models) [gg], [jg], [41]: P38
_________________________________________________________________________________________ ]

« Let the PSS supply itself with consumables
 Principle 26: Copying ]
_.2.Use systems to replace/support the human_____ | (52 1 S I D

« Transfer processes and methods from foreign sysa@chg\dapt them (cross innovation) | [34], [41] |[>303é PO5; [41]:

» Adapt Best Practice Examples
 Principle 27: Cheap shortliving objects ...l
__: Used limited (test) versions .| ALy ]

« "Sacrifice" products to fulfill services Esoi P34, [41]:

_« Match the product life cycle with the propertiestiu materials used (obsolescence) | ZoNZ I
_Principle 28: Virtualization ]

« Use the advantages of digitalization and virtudi@ra(e.g. remote maintenance, [34], [41]

_______ servitization, ...) i ]

» Automate processes and services [41]: PO2
Principle 34: Discard and recovering. .l

» Repair, replace or dispose products or componergtall replacement part circuits) [40]

_Principle 35: Parameter changes L ]

» Adapt the environmental conditions for your own ragien
_Principle 36: Phase transiton ]
.2 Adapt the service to the product lifecycle | (o ]

« Adapt the PSS to the life phase and circumstanicesstomers and users [40], [41]

4.4, List of TRIZ Parameter for PSS Table 3TRIZ parameter for PSS

Even if the constancy of the number of parameters .

. . . . . O

not quite as strict as with the principles, theg aiso R E g ol s
defined for TRIZ and are continuously updated. fhis .
reason, the existing parameters are used heresifnd
these have an influence on different dimensionsa of | 1. Weight of moving object X | X
PSS, the parameters are assigned to the dimen3ibes. | 2- Weight of Stationary Object X

. ) ] 4 3. Length/Angle of Moving Object X | X
dimensions have already been presented in Section 7 Fengih/Anglo of Stationaty Object X
the assignment of the parameters, which dimenst®s |5 Area of Moving Object % %
concern, was done by the described focus group. 6. Area of Stationary Object X X

Subsequently, the matrix is checked for consisten( 7. Volume of Moving Object X | X
with principles (Section 4.3.) and the parametditsis | 8. Yolume of Stationary Object x
results in the list of parameters for PSS (Table 3) ibs/r;ape X | X
. . . . . Amount of Substance X | X
During the assignment it is noticeable that usuéi®/ |77 Amount of Information x Tx [ x I x
product dimension is marked, which is a consequémce| 12. Duration of Action of Moving Object X | x| x
the fact that TRIZ has its origin in product deyeteent. | 13. Duration of Action of Stationary Object X X
However, the focus shifts to the consideration ig EpeeC;T X | X | X
: H . Force/lorque X
funcional parameters) many aleady refer (o systom | 12 ENEroy Used by g Obec : :
. 17. Energy Used by Stationary Object X X
consequences of the system concept that is al 13 power X | x
necessary for the PSS view. All dimensions arenoftd 19. Stress/Pressure X
selected here. 20. Strength X
21. Stability X
22. Temperature X
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23. lllumination Intensity X

24. Function Efficiency

x

25. Loss of Substance

x

XX [ XX

26. Loss of Time

27.

x

Loss of Energy

28. Loss of Information

x
x

29. Noise

x

30. Harmful Emissions

31. Other Harmful Effects Generated by Syste

32. Adaptability/Versatility

33. Compatibility/Connectability

34. Trainability/Operability/Controllability

35. Reliability/Robustness

XX [ X |X|X

36. Reparability

37. Security

38. Safety/Vulnerability

39. Aesthetics/Appearance

40. Other Harmful Effects Acting on System

XX [ XX

41. Manufacturability

XX XXX X[ X[X|X|X|x

42. Manufacture Precision/Consistency

43. Automation

x

44. Productivity

x

45. System Complexity

x

XXX XXX XXX XXX | X | X |X|[X|X|X

46. Control Complexity

47. Positive Intangible Factors

48. Negative Intangible Factors

XX [ X | X

49.

x

Ability to Detect/Measure

50. Measurement Precision X

XX [ XX

XX [X X |X|[X|X|X|X

4.5. Enter the Matrix

In order to create a tool that can be used to captu f

the potential of a PSS implementation, the TRIZ-&teg

method is used. The principles relevant for PSSehav ,

already been identified during the workshop.

34| 35| 36| 37| 38
> %)
Worsening % o P
Paramete s > B - 3
> s=Z 2| E]| - | &
Q o) =
o= g|B|E|2
Improving >S9 S| & 2|3
Paramete = c| = 2o s
o o
SOo|® | & L
£ = ]
< [} n
= o
. _ 25-10|3530| 227 (2821 3130
24 Function Efficiency 1134028| 171 24 | 224
315(1012| 244| 217(24 19
25 Loss of Substance 222 |35 24| 3541228 315
1025|3546| 17 24| 2282512
26 Loss of Time 426 314|321 | 269|131
131|3540| 119(2832 194
27 Loss of Energy 3525/17 11 302 | 26 3531
. 713|1324 21026241028
28 Loss of Information 105 | 1026|1713 251 | 247

Fig. 5. Extract from the PSS contradiction matrix

5. TRIZ-REVERSE FOR PSS POTENTIAL
DETERMINATION

Two different ways of determining the potential can
be selected: On the one hand, the procedure can be
applied generally for PSS. However, this leads tiga
amount of work and a very confusing matrix, since
irrelevant contradictions are also mapped. On tinero
hand, certain partial solutions or concrete appboa
scenarios can be considered. In this case, the PSS-
specific matrix can be reduced accordingly in adean
so that only relevant contradictions are mappedthed
potential becomes more visible. For this reasom th
procedure for determining potential for a concrete
application scenario is shown below and illustraisithg
an example.

5.1. Systematic Approach of the TRIZ-Reverse
Process for PSS

To reduce the matrix, the procedure of TRIZ-Reverse
is applied to a specific PSS solution. The systemat
approach is shown in Figure 6.

? Start

[ Concrete PSS Solution ]
v
Choose generalized PSS principles that correspond to the
concrete solution
¥
Remove all irrelevant principles in the PSS contradiction
matrix
~ + At
The matrix shows which contradictions can be resolved by
the remaining PSS principles.

¥

From the parameters that form the resolvable
contradictions, concrete problems can be defined.

¥

[ PSS potential becomes visible ]

é End

Fig. 6. TRIZ-Reverse process for PSS

In this way it can be analysed how different
contradictions can be resolved with little effoih
addition, areas can be identified that are pasdityl
suitable for the company, as capacities or exgedie
already available for these cases. Furthermor@saran
be discovered which offer the corresponding poéénsb
that an investment to build up capacities or experis
worthwhile. The reduced PSS matrix can be used in
combination with the PSS principles analogous t® th
classical contradiction resolution process.

Subsequently, the TRIZ-Reverse matrix (in this case

the updated Matrix 2010 by Mann is used [22]) isvho

reduced by removing the principles that are natvaht
for PSS. A section of the resulting PSS matrixhigven

in Figure 5. The PSS matrix now depicts for whichrr|z-Reverse, a manufacturer of gastronomy coffee

parameter combinations and contradictions PSS#er machines is considered who already offers an aufditi
solution and for which not. The division into theuf

dimensions of a PSS illustrates the areas wheenpat

for PSS development exists.
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5.2. Potential Determination with TRIZ-Reverse
for a PSS Application Example

For the potential determination and application of

maintenance and cleaning service but wants to offer
coffee to the customer in a results-oriented way thois
become a solution provider. For this purpose, he ca
integrate the existing services into the value psitpon,



but is facing the necessary expansion of his offer

include the supply of the machines with consumedgo 34| 35| 36| 37| 38

TRIZ-Reverse is now used for the presented part pf Worsening Z 2 >
the PSS, so that the potential of consumer goopglypu Paramete 228 | » z
can be considered. In the first step, the PSS iptexcare e g% § = z g
reduced with respect to the existiaglution (consumer | moroving %5 g g 3 g
goods supply). This results in an adapted list wité Paramete ZEE[&|o |
principles P01, P02, P03, P12, P13, P19 and P2&se€Th % ©l £ & %
can be regarded as theneralized solutionsin the next =

step, the PSS contradiction matrix with the paranseis
also reduced by the deleted principles. In this ,whg
contradictory parameter combinations (@eneralized | 24 | Function Efficiency a2t 21| 21| 2
problems) can now be deduced. Potentiatpncrete

problems can be derived from these parameter2> | Lossof Substance 32| 12| 2| 214 19

comb!nat!ons. From these existing parameter,, Loss of Time s | 3| 1| 2 |®12

combinations, parameters relevant for the company 13

application are now determined. 27 Loss of Energy 1251 1192 32| 19
For the example considered here, Figure 7 showsa _

section of the matrix for the parameters 24-2828 | Lossofinformation 13] 13| 213 7

(improvement) and 34-38 (deterioration), from whibb
relevant contradiction of the parameters 26 Lossnoé
(improvement) and 38 Safety (deterioration) is now
considered. For a solution provider who sells affea
result-oriented manner, including the supply of
consumables, a high time expenditure for delivesy i 6. CONCLUSION AND OUTLOOK
problematic, as it becomes expensive due to peetonn This paper shows how the TRIZ-Reverse method
costs. It is therefore the aim to reduce this twfissme as developed from TRIZ is used to determine poterital
far as possible. At the same time, the result-tetn the use of PSS. For this it is necessary to ingérfire
supplier is responsible for the quality of the tesund inventive principles of TRIZ in a PSS specific oextit In
must therefore guarantee security against misuse anmder to be able to use TRIZ-Reverse in a meaningfu
abuse in the process chain. He must therefore esecway, the number of principles must be reduced.tS® i
functions and processes in the system so thaticertpossible to concentrate on individual aspects &1SS.
standards can be guaranteed in the result and aire @therwise it results in a high amount of work aacyé
endangered by time pressure. scope and a focused illustration of the potentimlaot
When looking at the three deposited principles (P2possible. Using the example shown in this papeigchvh
P12 and P13), however, potentials for resolvings¢heis limited to consumer goods supply, the number of
contradictions become apparent. To this end, thginciples to be considered was reduced from 2B. tm
dimensions of the parameters are first examinedtiaad the PSS contradiction matrix, all other principlesre
congruent ones identified. For parameters 26 and 38ibsequently removed. So the matrix indicates which
these are the dimensions of service and informatiaontradictions can occur in consumer goods suppty a
technology. how these can be resolved. By assigning the paeasnet
Based on the principle P25 "Self service (Let users to the four dimensions of a PSS, the potential haf t
customers run part of the PSS)", the refill (colied) by technology and the areas in which it must be
the customer can be derived for the service, widchT  implemented become visible. The matrix can then be
means the implementation of a manual via the machised like the classic TRIZ matrix.

Fig. 7. Extract from the “Consumer goods supply”
contradiction matrix

display or another device. With such a instructitor, Since a PSS-specific patent search is not feasible,
example, it is possible to confirm that steps hbheen database set up analogous to Altschuller's patatis
carried out (for quality assurance). is not possible. Therefore the approach of reimédinmg

From Principle P12, "Equipotentiality (offer thensa the classic TRIZ principles was chosen. For thigppse
service on different locations/Cooperate with oshtr  the current state of TRIZ research and the useRbZ Tn
compensate local market differences)"”, it can liivdeé the PSS field of research was analyzed. In therduitu
that the same bean quality is provided for theiserv will be investigated whether the new interpretatiérhe
which can be achieved, for example, through licenséPSS principles can cover the entire area of PSRu#t
local roasting facilities. For IT, this resultstire demand also be clarified whether the dependencies between
for a multi-sided platform for exchange and contaatontradiction to be resolved and the assigned ipiac
between roasting facility and machine or machirer.us are retained in the PSS contradiction matrix. Havev

From Principle P13 "Inversion (e.g. reverse theetypthe principles are formulated in such a general tiray
of responsibility)" follows the approach of holditge they offer a wide scope for interpretation and yet
customer responsible. For the service of consumeds) potentials and solutions are found. To be ablevaduate
supply, this means that the user of the machiobliged these points nevertheless, further application @tesn
to comply with a minimum quality standard. For tfiis are necessary. Ideally, the determination of pateig
results in a platform or interface through whichtested on a real application and compared withipusv
appropriately qualified critics can evaluate th&em. results.
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