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Abstract — Nowadays, constantly increasing demands on
products lead to great opportunities, but also major challenges.
Complaint management, in particular, is also affected by this,
as the high complexity of products and production systems can
often lead to failures. In connection with digitalization,
companies face the challenge of having to handle complex and
extensive information. In the field of complaint management,
not only the amount of information increase but also the
number of sources, channels, formats, etc. While the
companies act more and more globally and digitally, the
complaint management in German mechanical engineering is
still predominantly carried out manually. In order to improve
the processing time and the analysis of complaints, as well as to
implement the automated processing of complaint information,
the fundamental research project FusLa [funding code: SCHL
2225/1-1] funded by the German Research Foundation (DFG)
was launched. The aim is to develop an algorithm that
automates the evaluation of relevant complaint information
from different types of complaint texts. This paper evaluates
the functionality of the algorithm in the context of a validation
example from the field of precision machining and cold
forming.

Keywords-Algorithm; Complaint Management; Business
Process Re-Engineering for Manufacturing; Decision Support

l. INTRODUCTION

Due to the increasing internationalization of our time, the
complexity of products and their producing companies is
constantly increasing. The need for a higher individualization
of products inevitably leads to new challenges for the
company's  requirements  management, as  product
requirements become more and more complex [1]. Although
this increases the opportunities on the market, it also means
that the failure risks increase significantly. Therefore, a
direct relationship exists between the complexity of a
product and the failures that occur. An increasing humber of
complaints automatically accompanies an increasing number
of failures. Complaints mean additional costs for a company,
which have to be minimized in the context of increasing
complexity.
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To eliminate failures and thus avoid complaints,
companies rely on different approaches, including the
software-supported 8D report. However, these approaches
show numerous weaknesses when it comes to dealing with
the complexity that prevails in production systems. There is
no model integration that enables the traceability of causes of
failure within the production system. To process the flow of
information generated by complaints and master the
complexity of the production system it is necessary to use a
model approach. For this particular problem, the current
approaches, as demonstrated in section I, reach their limits
or do not yet focus on complaint management. In order to
solve this problem, an algorithm based on the current state of
the art was developed [2] and validated in the industry. In the
following section 11, this paper deals with the current state of
the art and examines which findings have been gained in
science as well as in industry with regard to failure-cause
searching and solution-finding based on complaint
information. Within the framework of this paper, future-
oriented approaches will mainly be considered and examined
for interfaces to the topic. Section 111 describes the developed
algorithm with its functions and methods as well as the
applied validation. Finally, the results of the validation
carried out previously are being used for an evaluation in
section V. Moreover, it gives an outlook for upcoming
research fields.

Il.  STATE OF THE ART

Considering the field of science, there are some research
projects that focus on failure-cause searching and solution-
finding in production systems. However, it turned out that
these research projects either are not related to complaint
management, do not function algorithm-based and thus are
not automated, or just subjective evaluations take place. At
this point, some of the already published works of the
research group Product Safety and Quality Engineering can
be referenced, which have already dealt with this topic and in
which the current state of science and technology has been
analyzed in detail. These include the ICONS 2019 Paper [3].
In addition, the state of the art was examined in detail in the
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GQW Paper 2019 [4] for the probing as well as in the
QMOD 2019 Papers [5] for the prioritization and in [6] for
the failure cause localization of the algorithm. In this paper,
the focus shall be on the future-oriented approaches and
validation of the algorithm in the sense of an extension of the
previous publications. These are explained and examined in
the following. Especially at the present time, the relevance of
Artificial Intelligence (Al) for the processing of large
amounts of information is increasing. However, a distinction
must be made between Al, big data, and Machine to
Machine communications (M2M) [7]. Al has the goal to
enable cognitive-like functions of a machine to analyze and
interpret data and to solve problems on this basis. It is,
therefore, a better fit for decision making [8]. The purpose of
big data, however, is to process and analyze large amounts of
data and a large variety of data in order to achieve a specific
result. That means that the potential of Al in the area of
complaint management is enormous in order to be able to
react to failures and eliminate them. Al could develop the
possibility to learn from known complaint information in
order to be able to exert a preventive effect and prevent
future complaints. In order to analyze how far the current
future-oriented approaches are when dealing with the
mentioned problem, some service platforms were examined
and evaluated for this purpose. The investigated platforms
are IBM Watson Compare & Comply [9], Apache Spark
[10], Amazon Comprehend [11], Microsoft Analytics
Platform System [12], Google BigQuery [13], PrediCX [14],
CEMax [15], and Adobe Analytics [16]. All these platforms
work based on machine learning. They are able to identify,
structure, analyze, and evaluate information in text sources.
This would also make them suitable for processing
complaint texts if they were programmed for this purpose.
However, the evaluation of the platforms showed that the
analyzed platforms are currently not able to perform a
comprehensive failure-cause search and solution-finding in
production based on information from the use phase.
However, it is necessary to develop such applications in
order to deal with the ever-increasing complexity of
production systems. In order to enable the use in complaint
management, concepts are needed that define how the
service platforms are to deal with complaints and which
information is relevant. At the same time, such a concept can
provide the procedure for failure-cause search and solution-
finding for the platform.

IIl.  FUNCTIONALITY AND VALIDATION OF THE
ALGORITHM

The algorithm for failure-cause search and solution-
finding was developed after the acquisition of various
requirements regarding the current state of science and
technology. These requirements led to the fact that the
algorithm had to consist of the following modules:

o information probing of complaint information [4]

e prioritization of complaint information [5]

o localization of failure-causes [6] and

e solution-finding for failure-causes.
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A. Functionality of the Algorithm

As can be seen, the complaint information from the use
phase of the product is accessed and filtered within the
information probing, so that only the relevant information is
being used further. Relevant information can be, e.g.,
product names, company name, technical drawing number,
etc. That information is then being used by the algorithm to
determine across several dimensions within the prioritization
which complaint has the highest priority. Thereby necessary
resources, such as time, personnel or costs can be used in the
best possible way for the failure-cause localization. The basis
for failure-cause localization is a previously developed
model of the corresponding production system. Here,
correlations between the essential views of the production
systems are stored according to the eDeCoDe model
(enhanced Demand Compliant Design) developed by Winzer
[17] and Nicklas [18]. These views can be, e.g., components,
functions, processes, persons or requirements. An example
of such a model of a production system is shown in Figure 1
below. This Figure visualizes all relationships of R1.2, i.e.,
requirement 1.2 has relationships to the other requirements,
functions, processes, persons, and components.

[ FLTI |

[ R1 Requirements of the turning process |

C1 Machine CNC13

—
RL2 Diameter OK
(unfulfilled requirement)

P1Turning
RL4 oK P11 Grab

—

R17C oK H

P1.2 Positioning
P1.3 Rotate
P1.4 Deburring

Pe1 Operator

] Agenda:
F = Function :
C=Component |

[ 1 Material
[ 12 Order |

R =Requirement |
P =Process

Pe = Person :
—=Related to |

[ 15 Machine settings |

Figure 1. Example of a model of a production system according to [17].

With the help of this model, the algorithm is able to make
assumptions based on probabilities about which part of the
production system is responsible for the failure that led to the
complaint. Once the cause of the failure has been localized, a
possible solution will be found by pointing out the necessary
measures. This is based on the STOP principle, whereby
substitutional, technical, organizational and person-related
measures can be offered [19]. Once the measure has been
determined, it is up to the producing company to implement
it, adapt it, or not use it at all. Due to the focus of the paper, a
more detailed description of the algorithm is deliberately
omitted. A detailed explanation of the theoretical concept of
the algorithm can be found in the papers IEEE QR2MSE [2]
and ICONS 2019 [3] published by the research group
Product Safety and Quality. After the theoretical concept was
completely developed, the algorithm was programmed with
Microsoft Office - Visual Basic Application (VBA) and
turned into a usable software. In section B of this chapter, the
validation using an industrial example is described and
evaluated in detail.
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B. Validation in Industry

The validation in the industry is used to determine
whether the algorithm provides meaningful information and
assessments and how the different quality of the complaint
information affects the results of the algorithm. At this point
in the project, only the feasibility of the theoretical concept
and also the effect of the quality of complaints on the result
of the algorithm have been examined. A long-term study to
measure the performance of the algorithm has not yet been
carried out but is planned for the future. While the current
validations were only carried out based on a requirement
evaluation, the time, cost and personnel expenditure of the
algorithm should also be measured and evaluated as
parameters in the coming months. This should also
contribute to the reproducibility of the results and
transparency of the evaluation. Starting with the validation,
the company of the industry example will be presented. In
order to preserve the anonymity of the company and to
protect internal know-how, all company-related information
was deliberately concealed. The validation was carried out
using the example of a company in the field of precision
machining and cold forming. This area is used among other
things for the production of strain-hardened and cold-formed
parts, e.g., shafts or spindles, which are predominantly
manufactured for the automotive industry. This industrial
example is noteworthy because the complaint handling is
subject to the high standards of the automotive industry. This
demonstrates that the algorithm can meet such high
standards. In order that the algorithm can carry useful results
for the failure cause searching and solution-finding, it was
first necessary to create the appropriate information basis.
This means that first, all necessary customer information,
product information, or order information had to be localized
and then a model of the production system had to be created
and also prepared for access as part of the evaluation. In this
paper, this process is referred to as "preparation for
validation™”. This is essential because it cannot be assumed
that a company has all the necessary information in the
required format.

1) Preparation for Validation

The preparation of the validation was divided into three
steps. In the first step, all information systems of the
company were examined for available information about
customers, products, and orders. Since the company used
very different systems for the respective information, the
required information was prepared by the algorithm in Excel
sheets and compiled for evaluation. This meant that it was
not necessary to program the interfaces for each specific
information system. However, at this point, it should be
noted that for the practical implementation of the algorithm
in industry, exactly such an interface to the existing
information systems of the respective company must be
programmed and set up by software developers. After the
successful mapping of the information systems, in a second
step, a model of the socio-technical production system with
the eDeCoDe approach was developed. Besides the use of
existing documents (e.g., technical drawings, test plans) and
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the discussion with the process managers of the company as
well as the testing, this industrial example offered the
possibility to go through all processes for the claimed
product systematically with the production manager. It
allowed to link the requirements, components, functions, and
persons. This not only contributed to a better understanding
of the connections within the company but also showed that
the company was very interested in the implementation. The
correlations between the elements were mapped using
Design Structure and Domain Mapping matrices. The result
of the collaboration was a production system that comprised
69 requirements for a product under complaint, 21 functions,
22 processes (25 inputs/11 outputs) as well as 11
components and 9 persons involved. With the acquisition of
the production system and the associated system elements,
the third step in the preparation of the validation could take
place. This clearly defined the relationships between the type
and importance of the failure and the previously collected
requirements. This step is necessary in order to determine for
the algorithm which type of failure is the non-fulfilled
requirement and what significance this non-fulfiliment has.
In order not to manipulate the result of the algorithm with
regard to the evaluation of a non-fulfilled requirement, the
definition of the relationships was discussed based on
documents (e.g., Failure Mode and Effects Analysis) and in
conversation  with  the company's experts (e.g.,
production/complaint management). The result of this
elaboration is two matrices for the correlations between the
requirements to be fulfilled and the type of failure as well as
the significance of the failure. After the three steps for the
preparation of the validation had been completed, the actual
validation of the algorithm could take place. The validation
was based on a very detailed customer complaint relating to
an unfulfilled requirement for the SGW product. The SGW
product is usually installed in passenger cars and is a critical
component of safety. In this case, the complaint text was
available in digital form so that it was possible to transfer the
complaint text to the intended surface within a few seconds
(Figure 3).
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Complaint text Help
Please insert the complaint text of the customer in the field provided and then click on
JInformation Probing". The algorithm then will, according fo the complaint text, provide
all information necessary for processing from the available information systems.

Please insert the complaint text here:

ET: Mge 54 -incl. Anhang, Gdt, Sne, Sent 12.07.2018 14:36

Dear Mr. Ln, enclose you will receive a Mge to our Bil 9108 - SGW Left. The affected
cge can not be processed in our facility. If you have any further questions, do not
hesitate to contact us. Yours sincerely.

p.p. Sne Gdt, phone: +45 22 - 41, s-mail: Sdt@st com

Attachment: ET GH, Grd 4, 97 Teh-Drz
Delivery data: Material 9108, Designation: SGW, Production order. S0431, Order
ne.:, Delivery quantity: 4.000 pieces, Failure quantity: 4.000, Delivery note: 3437
Dear Ladies and Gentlemen, we have received the goods described above. The
following defects were detected during the incaming goods by produstion inspection
carried out on 12.07.2018: Fault description. Fm- und Lang Defect location: Gde
SGW cannot be installed in the machine. As immediate measures we expect without
delay: suspect charge was remaved from the machine, charge was blocked S0431 -
3984 pieces, 5 pieces of the 11 tested nuts will be sent to you by post Please
indicats your parcel ssrvice customer number. In cass of acceptance under
reservation or reworking by ET, the goods will be accepted as not in accordance with
the contract. Even if we do not send back or process the goods for the time being,
they are not considered as approved, such actual actions are not to be considered as
an indication for an insignificance of the determined matenial defect. We make no
ion of Oral ions of this kind by our employees shall only

be binding f they are confirmed in writing without delay. If you do not comply with the
required immediate measures, we will carry out these measures ourselves or have
them carried out at your expense. We expect your opinion within 1 working day.

Back Information Probing

Figure 2. Complaint text of the product SGW according to [20]

2) Information probing of the complaints

Based on the present complaint text, the algorithm
recognized the first and last name, organization, and address
of the customer and transferred them, as shown in Figure 3,
to the fields provided for this purpose in the surface of the
information probing.

Information Probing i0; Help
Please carefully check the probed information:
Frame
Recaipt [ 12.07.2018 ‘
Type: | Extern ‘
e
Due Date: [ 17072018 ‘
Order
Name: [ sewLen \
Number: [ ‘o108
Group: | Mh_ Mer
Charge: I 50431
Drawing number: I 885-05
Drawing index: I 05
Ordernumber: | so4a1
Delivered parts: | 4000

Back Next

Figure 3. Information probing of the complaints of the product SGW
according to [20]

With the help of this information, the algorithm filled in
the other fields within the interface. In addition to collecting
the date information, the algorithm was also able to identify
relevant complaint information relating to the product. The
algorithm not only correctly examined its name but also its
number, group, and drawing details. The number of products
delivered could also be determined via the interface to the
ordering system and entered in the field provided for this
purpose. Despite the more detailed failure description in the
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complaint text, this step showed that the algorithm could not
assign exactly which unfulfilled requirement was actually
involved. Although the algorithm recognizes the product and
thus assigns all recorded product requirements to the
unfulfilled requirement field as a selection, this is not an
automated process. In addition, the user must manually select
which requirement was actually not fulfilled. The
background of this problem is the lack of standardization of
the complaint texts. With the execution of the first step of the
validation, the second step started.

3) Prioritization of the complaint

In order to check how the prioritization is influenced by
the quality of the complaint text, two prioritizations were
performed based on the previously prepared complaint
information, as shown in Figure 4.

ID: Help

Prioritization

Please carefully check the probed information:

The prioritization is based on the previously probed information. It includes the
ivation of nine different prioriti dimensions as well as the calkulation of the
company-specific weighting of eachindividual dimension.

Value ]
D1: Customer Classification 5.00 J[ |[5.00 |
D2: Date Information 1,00 500 5,50
D3: Amount of complaint products 1,00 3 500 5.50
D4: Repetitions 10,00 5,50
DS: Failure Type [5.00 I {[ 5.00 |
D&: Failure Meaning ‘ 5,00 | ‘ 5.00 |
DT: Product Sales 1,00 [ 550
D8: Failure History [s50 J[ |[ 5.00
D9: Amount of Costs [5.00 J[ [ 5.00 |

Below you will get the prioritization value for the complaint text. Keep in mind that the
prioritization was done completely objectively, based on the probed information. If you
wand to adjust the values, you must individually adjust either the value or the weighting.
Remember that a subjective adjustment can massively affect the prioritization

Prioritization of the complaint

Priority 201,75 = 240,75

Back Next

|[vign roty ”

Figure 4. Prioritizing the complaint of the product SGW according to [20].

The gathered information was used to prioritize the
complaint. For this, the algorithm calculates different
dimensions. How this calculation is carried out is described
in detail in [5]. In order to investigate how the quality of the
complaint text affects the prioritization, dimension 2 and 3
were evaluated completely in the first step and incompletely
in the second step. The second prioritization deliberately
deleted information from the fields "ABC Classification",
"Due Date" and "Amount of complaint products". The
algorithm calculates and uses the reference value of 5.00 in
Dimension 2 and Dimension 3 for missing information as
you can see in Figure 4. This changes the dimension values
and weightings. This has both advantages and disadvantages.
On the one hand, it enables the algorithm to enter a
dimension value and a weighting. This becomes critical
when the influence of missing information becomes so great
that an initially less relevant complaint becomes a complaint
with high priority. In the worst case, this could lead to
companies making incorrect decisions about the order in
which complaints are to be processed and thus not using
resources (personnel & time) in a targeted and meaningful

10
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manner. The solution to this problem also lies in the
standardization of complaint texts.

4) Failure-cause localization of the complaint

Since the localization of the causes of the failure is
carried out similarly to the prioritization on the basis of the
collected, relevant complaint information, the phase was
repeatedly reviewed on the basis of a complete and an
incomplete information basis. In this case, the unfulfilled
requirement was deliberately deleted from the corresponding
field in Figure 5. The algorithm could not make a statement
about which elements of the production system were related
to the requirement because there was no information about
the unfulfilled requirement. This means that without a
reference to the unfulfilled requirement, it is not possible to
locate the cause of the failure. It seems necessary to choose a
more consistent procedure, such as [21] that is developed for
networks or to standardize the specification of the unfulfilled
requirement. Figure 5 illustrates the complete fault cause
localization. The incomplete map, which was not inserted for
space reasons, looks the same, but only with empty fields.
The theoretical process of localization is described in [6] in
detail.

ID: E Help

Below, the cause of the failure is located in the production system, so that a solution
can be found. Please check again whether the probed unfulfilled requirement is also
unfulfilled requirement from the complaint.

Failure Cause Localization

Unfulfilled Requirement: | A7.1 (SGW): Lpng (Len-Nr.; S) for lde

Requirements: AT (SGW): Position tolerance mustbe OK

‘Components: C4 (SGW): UNhine 164

C11 (SGW): Soe CC-ne

Processes: P4 (SGW): Gden

Enhanced Demand Compliant Design
(eDeCoDe)

Persons: Pe2 (SGW): Beder (CC-Dre)

Back Next

Figure 5. Failure-cause localization of the complaint of the product SGW -
complete and unprocessed according to [20].

Once again, it makes sense to describe unfulfilled
requirements in complaint texts, such as those stored in the
technical drawing or specifications. In this case, the
algorithm can identify the causes of the failure very well
within the production system. This statement is because of
the evaluation of the SGW product complaint included
exactly those system elements that led to the cause of the
failure. The company's statements about the actual cause of
the defect also confirmed the statement that the algorithm
could actually perform a targeted localization of the cause of
the defect. At this point, it should be noted that the results of
the algorithm depend not only on the quality of the
complaint text but also on the quality of the production
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and their
a targeted

system. Only if the system elements
interrelationships are completely captured,
localization of the failure-causes is possible.

5) Solution-finding of the complaints

Validation of the solution-finding process showed that
this process is completely independent of the quality of the
complaint text or the information basis. By the given
solutions in the form of measures, the algorithm can act also
with a lower quality of the information. Figure 6 visualizes
the measures proposed by the algorithm based on

Organizational measures (O) for the failure-cause
Component 4 (C4).
Solutions Help
| Organizational Solutions (O)
ATTENTION: Please save your choice before changing the category
Initiate maintenance by external organization according to
maintenance contract
Shorten maintenance intervals and clearly define maintenance
tasks
Instruct Contract manufacturer of the component with problem
solving
Check if environmental conditions lead to failure of the
component

Verity that operators are using the compenent correctly
Check if the component is suitable for the planned process and
«can fulfill the requirements

Verification of correctness of changes made to the component
by external organizations

Prepare procedural instructions regarding the reporting of
‘components with high downtime or low availability

UG UL

Reason for choice / alternative solution:

Back Save

Figure 6. Measures proposed for the cause of the failure of C4 (SGW):
UNhine 164 according to [20].

The result showed that it is possible to find a solution
with the help of the measures, regardless of the quality of the
information base or the complaint text.

IV. CONCLUSIONS

The validation using the industrial example in the field of
precision machining and cold forming has shown that the
performance of the algorithm is significantly influenced by
the quality of the information in the input. In order to avoid a
lack of information during the writing of the complaint, a
standardization of the complaint text is strongly required. A
lack of information would mean a high additional effort in
the search for the cause of the failure and in finding a
solution. This problem of probing of information could be
solved by modifying the input mask of the complaint. Within
the prioritization, the algorithm succeeded in compensating
missing information by the formation of average values.
Thereby set at least an estimated value for the prioritization
of the complaint. In addition, here the impact was shown due
to the quality of the complaint text, which can be improved
by standardization. The validation has also shown that the

11
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quality of the complaint text has a strong effect on the
localization of the cause of failure. On the other hand, it also
turned out that the influence of the quality of the production
system could be minimized. The reason lies in the self-
developed user interface for checking the production system
by the operator. A residual risk remains, however, as
incorrect entries by the user are still possible. A solution for
this would be the specification of the requirements in the
complaint text according to the technical drawing or the
specifications. With regard to finding a solution, the
following findings could be gained from the validation. It has
been shown that the quality of the complaint text has no
technical effect on the solution-finding. However, it does
affect the quality of the solution-finding. Therefore,
measures can be derived at any time independently of the
quality of the complaint text. The measures proposed by the
algorithm led to the successful elimination of the failure-
cause in the industry example. However, it was also noticed
negatively that missing failure-cause information has strong
effects on the probability calculation and therefore no
adequate evaluation is possible without concrete information
about failure rates or the competencies of persons.
Furthermore, this information was not documented in the
industry example. These findings follow the need for
interfaces to Computer-Aided Quality (CAQ) systems in
production in order to enable the algorithm to automatically
access the necessary failure-cause information. Similarly, it
should be examined whether alternative methods are more
suitable for probability evaluation. The above-mentioned
improvement potentials are now to be further investigated
and implemented within the framework of future research
projects.
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