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Abstract: This study presents a five-step method for analysis of supply chain networks from the perspective of the welding
quality of manufactured products. The presented approach gives tools to take care of welding quality assessment in supply
chain networks. The study uses data based analysis of complaints data and survey results to provide information that may assist
managerial decision-making and supplier-related marketing activities. The results reflect the importance of information sharing
as a means to reduce the number of complaints and show that combining production data and information about the production
offers potential for manufacturing quality development in the supply chain network. The study uses applied RACI matrix and
the case of a welding supply chain network to establish the findings. The case example discusses the observations dealing with
GMAW process.
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comprehend their surroundings [13]. The approach has been
considered from a number of different viewpoints, e.g.
network pictures complexity [2], relationships to suppliers
[14], supplier management [15], [16] and making pictures as
organizational sense making [17]. Additionally, researchers
have shown growing interest in stepping beyond the concrete
to find understanding of sensing of business activities in
operational actions rather than building forecasts of its entity
[17], [18].

The extent of network studies is considerable and the topic
has been considered from many different viewpoints.
Manufacturing networks have been studied by many
scholars, who have considered the issue from different
perspectives of the supply chain. General reviews of network
activity such as Wilhelm [1], Rudberg and Olhager [19] and
Chang et al. [20] and study of quality management in the
supply chain [21], while providing valuable information, do
not specifically address complaint management and its role
as a driver for improved production. Use of complaint data

1. Introduction

As theories and doctrines of business process management
change and develop to reflect changing business and societal
contexts, manufacturing networks have been receiving
progressively more attention. Networks are evolving
relationships and embody multiple interconnections between
network members [1] and, thus, business networks with
suppliers are generally accepted as being complex
environments [2]-[4]. Study of business networks has
encompassed many different perspectives, for instance,
network cooperation [1], network competencies [5], network
learning [6], network strategy [7] and network management
[1], [8], and many different concepts, e.g. network
dimensions [8], network insights [9] and network dynamics
[10], [11]. Recent research has tried to improve
understanding of business networks through the use of
network pictures [12], [13], which are different
understandings of how business network actors subjectively
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from a network perspective is a new approach to
investigation of quality, efficiency, productivity and
profitability in industrial networks and manufacturing.

In light of notions that networks encompass multiple
viewpoints and contexts with dynamic relationships and
activity [22], manufacturing networks can be seen as
consisting of several supply chain strings [1] and supply
networks [23], which can be sets of supply chains [24], and
the supply chain can thus have different supply network
structures [25]. This research focuses on the supplier network
[26], [27] structure in a supply chain network [20].

Quality is an important collaborative advantage in network
structures [28] and is presumed to provide competitive
advantage [29]. This study aims to conceptualize a method to
observe the quality of manufacturing by analysing the
structure and interrelationships of complaints in a supply
chain network. This information can help companies to
concretize the picture of discrepancies in the supply chain
network and thus create a basis for development targets and
network marketing activities that promote profitability.
Different types of optimizing approaches have been tried to
handle the cases of a product change which allow the
efficient production and a wide product variety [30]. The
complaint data discussed in this research includes also
observations, which are connected with different types of
product changes.

This study uses the case of a welding supplier network
exhibiting features specific to manufacturing. The case study
is used to observe manufacturing supply chain network
related phenomena on the basis of data collected from
industry. The collected data deals with the observations of
gas metal arc welding (GMAW) process. This work may help
managers reflect on the importance of production data and
sense of surroundings as tools to improve strategic
performance and network behaviour. The study empirically
investigates the impact of cooperation and knowledge
transfer in a dynamic supply chain network. More
specifically, the study considers the relation of deficient
knowledge transfer regarding defects in welding
manufacturing in the light of welding complaints in the
supplier network. The results indicate that improved
cooperation can decrease the number of complaints and
promote enhanced network behaviour among network
members. Conversely, deficiencies in cooperation and
knowledge transfer can be observed in the nature of the
complaints in the manufacturing network. The presented
five-step method can help certain development targets in the
light of manufacturing quality in the supplier network. The
systematic way to recognize and analyse possible product
and production failures [31] makes it possible to carry out
improvements and increase the productivity in welding
production.

The study explores the following research questions: how
can a processing model of complaint data be created that
recognizes development targets in the supply chain network
using existent, recent data? How can development targets be
directly identified with information about welding quality

and production complaints? What are the benefits of the
prospective analytical model and how the model supports
welding quality assessment when a substantial volume of
complaint data is to be analysed?

The paper is divided into a theoretical part and a practical
research part. First, the paper reviews existing information on
networks and supply chain networks that is related to quality
of manufacturing and cooperation. Next, the research section
describes the steps of the proposed five-step method
comprising collection and categorization of the complaints
data and its integration with observations and impressions of
the supplier network. The paper examines the case supply
chain network and explains the relation between existing
information on quality and defects and the assumption of a
need to increase cooperation and information sharing.
Finally, the paper presents a new method for using complaint
data to develop a quality, productive and profitable outcome.
The paper presents conclusions based on analysis of the
results and discussion of the research questions and
concludes with proposals for further studies.

2. Perspectives of Networking

To form an overall picture of the network environment
under study, literature-based background information is
presented dealing with the management of network structures
in general and the special features of supply chain networks
in particular.

2.1. Features of Business Networks

Networks exhibit considerable complexity [1]-[3] and they
are a business environment that poses challenges for optimal
functioning of firms with manufacturing entities. Networks
consist of multiple relationships [6] and relationships are one
of the most important factors to observe when studying
network behaviour. The relationships with and between
suppliers, in particular, have become a topic of interest for
strategic development of the focal company’s business [15].
It is evident that business networks are dynamic and their
management as part of manufacturing chains imposes
additional demands.

Today’s business processes drive companies to cooperate
and extend dyadic relationships [32]. Companies cannot be
seen in isolation but need to be considered within the wider
context of business [4] and companies are thus involved in a
complex network environment with internal relationships [4]
and a context of multiple actors [8]. At the same time,
companies have to respond to the challenges of globalization
of business strategies and demands for sustainability of
supply chains [33]. Managing network relationships demands
knowledge of the interconnections involved [16]. However,
when managing network relationships, there can be a
mismatch between the actors that a company sees as relevant
and those with whom they interact [4].

The multiple actors involved and the dynamic nature of
networks mean that networks have features of business
activity with non-predictable outcomes [11] and they cannot
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be directed or controlled by a single company [11], [34].
Network activities are the result of the network structure,
networking behaviour and network outcomes [8]. When
investigating the directions of network behaviour, the
horizontal direction is more complex than the vertical
direction [1] but all directions of relationships with network
members are important.

Even if networks cannot be viewed as a function of a
single company and a single company perspective gives an
incomplete view of the business context and may be
considered an inadequate basis for understanding of network
dynamics [8], such an approach to observing networks is not
without merit [17] and can help to understand steps in the
development of different functions and the business network.
Investigation of the dynamics of a network promotes
recognition of significant changes in network actions or
rather diminishes the role of unrecognized changes [15]. To
study a network’s behaviour or develop actions in a network,
division of the network into constituent parts can be
implemented to reveal detailed information. The network can
be divided into sub-networks such as the logistics and
distribution network [35], [36], production network [4],
supply chain network [3], [20], [37], [38] or supplier network
[15].

Managing network structures is complex and demanding
[18] and researchers are searching for information that may
enable a strategic tool to be developed that can enhance
business advantage. Multiple network business models have
thus been developed for analysis of network environments.
Relationships are the result of strategic decisions and
concomitant actions [39], and reflect the impact of
management of the network structure. Thus, existing
relationships can restrain the adoption of new ways of
operating and managing business activities [39]. Researchers
are trying to enhance transparency in network activities in
efforts to develop network management strategies [18].
Clarity regarding operational activities between a focal
company and suppliers can enhance strategic decision-
making in the supply chain network [40], and appropriate
forms of cooperation and network management can have a
positive impact on the development of product quality and
profitability in production.

2.2. Special Features of Supply Chain Network

In a network, the connections are built with linkages that
present via inter-firm transactions, interactions and ongoing
relationships in the vertical direction or horizontal direction
[41]. The extent of a supply chain network is determined by
the number of linkages and the energy of activities by the
intensity of cooperation. Supply chain networks contain
multiple supply chains and actors connected with each other
in a unique context [20]. Suppliers, manufacturers,
distributors and retailers are connected through product,
material, information and financial flows [3].

The upstream, downstream or collaborative connections
and their linkages are directly related to cooperation flows.
Continuous and unhindered cooperation and information

transfer can be difficult to achieve even when the advantages
that the network activity can bring are recognized.
Information sharing and cooperation and relationships
management can generate managerial advantage and improve
performance [5], [36]. Knowledge transfer plays a central
role in the development of dynamic models within the
network and augmentation of competitive advantage gained
from the network [42]. Generally, intra-firm knowledge
transfer is considered easier than knowledge transfer between
firms [43].

It is important to recognize the objectives that are want to
be achieved with knowledge in the network [42]. Knowledge
transfer and supply chain network advantages are related to
competencies [5] and the capability of an individual or firm
level to attain specific achievements [44]. Thus, tacit
knowledge and experience of individuals, firms or network
levels introduce complexity into network management
because of changing configurations of cooperation [43]. In a
supply chain network, manufacturing activity management
and cooperation should include appropriate knowledge
transfer between the entities involved. Management practices
related to quality improvement and operational efficiency
should also be included in information sharing for effective
network behaviour [5].

Improved quality is one of the advantages of supply chain
network collaboration [28] and value-adding processes [37]
in which the focal company defines the product quality [45].
Consequently, the value of relationships in the supply chain
network gain in importance. Cooperation and divided
management with customer and supplier can bring increasing
performance and competitive advance on manufacturing
[46]. Deficits in cooperation can result higher defect rates in
manufacturing. One actor in a supply chain network can
cause quality failure in the end product [47]. Viewing product
quality discrepancies from the perspective of incompetent
cooperation [47] can reveal deficiencies in relationships and
knowledge transfer. Supply chain networks are vulnerable to
risks of financial uncertainty [3] but also have properties that
can offer a sustained competitive advantage [20].

However, discrepancies in quality are common in
production [48] and defects leading to complaints are almost
inevitable in production involving a supply chain network
context [49]. Managing complaints and complaint behaviour
are notable factors in business relationships [50] and
measuring of manufacturing performance [51]. In a supply
chain network context, analysis of complaints can indicate
targets for development. To maintain competitive advantage
in manufacturing, continuous product quality improvement is
essential and the effective use of quality data (e.g. complaint
data) is a critical factor in business development [52]. The
literature review has shown that network context analysis is a
powerful tool to evaluate the influence of complaints on
product and production.

3. Research Basis and Methods

To carry out successful supply chain network analysis, the
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key nodes of the network, the different types of connections
between them and the volume of conveyed information first
have to be identified (see e.g. [53], [54]). In this research, the
focus is on determining the information content in the
network context when the structure of the network and its
actors are identified. In this study, the research methodology
used for supply chain network analysis and development is
based on three combined research methods. The research
utilizes a case research method [55], which is a typical
approach in network studies [56]. The case method is used to
build a basis for a new method to develop supply chain
network quality and improved performance with profitable
outcomes. The resulting data are analysed with a mixed
method approach [57] based on a number of different data
collection and analysis methods [58]. The data collection and
analysis utilize a quantitative analysis approach [59] and the
data are analysed using qualitative content analysis [60]. The
data for analysis consist of numerical data of complaints,
empirical analysis results and a survey of the supplier
network.

This study investigates the case industry network using
existent numerical data about complaints concerning welded
items manufactured in the supplier network. The study
utilizes information about complaints (n=18 889) to clarify
the prospects of improving network quality and profitability
in the supplier network. The data are related to the end
product with multiple items (n=14 907) and additionally
utilize a survey of suppliers (n=10). The case end products
that are used to concretize the data are two different mobile
machines for applications in demanding environments and
thus represent an example of a multi-level manufacturing
process with multiple actors in the supply chain network. The
combined complaint data and survey results are analysed
using a data matrix and the RACI matrix, which is an
approach commonly used for study of business processes
[61], [62] and organizational management [63].
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4. Study

To create a generalized method for establishing targets of
development, a case of industrial production demonstrating the
special features of welding technology is used. Toivanen et al.
[64] studied the welding network and concluded that there was
insufficient network behaviour. The lack of communication
internally and at the network level can form of defects and
complaints in the supply chain network. The lack of
communication both restrains network development and
decreases profitability in the network. On the basis of this prior
assumption, a method is required for finding development
targets. The method aims to find a way to integrate data of
complaints and survey with relevant complaint information
collected from suppliers without filtering out any important
information to be analysed. The method should ensure that
reliable production development targets can be found.

4.1. Classification of the State of Complaints

The first step of the process using complaints in a supply
chain network was to create an overview of the type of
complaints and thus the targets of development. In this step,
the case supply chain network was studied with focus on the
supplier network. Welding complaints compromised
approximately 27 % of all complaints in the welding supply
chain network with suppliers for the ten year period studied
(Fig. 1). Self-caused defects are classified in the complaint
category because of being manufactured in supplier. From the
figure, it can be seen that it is difficult to predict accurately the
volume of welding complaints relative to the total number of
complaints received. Higher numbers of complaints in a
certain year can be a result of changes in metal industry sales
or the launch of a new product that includes more items
manufactured in the supplier network. However, in Fig. 1 the
launching year of the case machines in late 2008 and in 2014
correlates with an increase in welding complaints.

2011 2012 2013 2014 2015

Without self-caused defects

———————— Average

Figure 1. Welding supplier network complaints in the case supply chain network as a percentage of total complaints for the ten year period under study.



99 Jenni Toivanen ef al.: A New Approach to Manage Welding Quality in Supply Chain Networks:
A Supplier Network Complaints Perspective

The complaints were divided on the basis of
manufacturing and welding related activities, Fig. 2. The
complaint data also contain self-caused defects of the focal
company which result from, for example, the assembly phase
following component manufacturing by suppliers. By
excluding self-caused defects of the focal company, the
division of complaints is more focused on suppliers and gives
better results for supplier network actions. In this particular
case, important sources of complaints with actual welding
were machining operations and component manufacturing.
Excluding the self-caused defects, the portion of these
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manufacturing phases increases the most and indicates the
role of self-manufacturing and testing of focal company but
also the focus of actual development targets in the supplier
network. The category “Other” contains product development
updates, and a substantial number of complaints in the
“Other” category result from internal activity, namely,
thorough testing of the complete machines, which can result
in damaged and broken parts. When observing the end
products of the supplier network more closely, the root cause
trend of complaints is close similar for all welding
complaints of the particular period (Fig. 3).
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Figure 2. Complaint data division in case welding divided in categories to indicate the role of related activities in welding manufacturing.
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Figure 3. Complaint data categorization in a case end products follow close similar trend as overall welding complaint data of a particular production.

In Fig. 4, complaints related to the end products are shown
for the number of items individually and for the total number
of items in the case machine. The end products may include
several of the same items and the total number of items is the
result for all items. The data were collected from an item
group of 3 891 individual items and the total number of items

was 14 907. The relative number of complaints about
welding suppliers shows a small increase from the average
result of 27 % but also shows conformity with the sample
and whole production. When excluding items which are
originally manufactured in welding supplier network but are
self-caused defects by the focal company, the total number of
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items manufactured in the welding supplier network
decreases. This can be seen in the smaller number of
complaints related to welding supplier items. Closer
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observation of case products in their entirety comprises the
second step of the method.

Complaints of items related Total number of complaints
to welding suppliers /
Number of complaints

related to welding supplier /
Total number of complaints

u Only suppliers caused defects

Figure 4. Share of complaints to welding supplier network in case end products. The relative number of complaints about welding suppliers (bars in the
middle) is close similar result than all complaints to welding supplier network in particular production.

4.2. Collecting Observations from Suppliers

To decrease complaints, organizational learning and
knowledge sharing are critical factors. Defects and the
resultant complaints interrelate with competencies and
knowledge transfer in the welding supply chain network.
Result how suppliers see the potential influence to decrease
the root cause of complaints indicate the targets for
development of quality but also capability to fill quality
demands of client.

Gathering information about the opinions of supplier
network actors concerning possible development targets is
the third step of the method. Welding suppliers in the supply
chain network answered two survey questions: (Q1) what
competence or understanding should welders, managerial

employee in supplier firms and employees in the focal firm
enhance to decrease the number of complaints received by
the focal firm?; (Q2) how could the focal firm effect a
decrease in the number of complaints through improvement
of knowledge transfer? The alternatives offered as responses
to QI followed the categorization of the complaint data:
Welding operations, component manufacturing, machining
operations, surface treatment and assembly of welded
structures. Fig. 5 illustrates the welding supplier network
view of activities related to welding in which there are
prospects to decrease the number of complaints by increasing
competence and information sharing and by taking actions to
improve product quality.

SUPPLIER NETWORK

[}
U':J Welding
s operations Improve or define g
[ manufacturing drawings =
Q )
g Component %
z manufacturing Increase welding o
4 specifications n
> n
5 Machining 8
E operations Increase assembly z
2 instructions o
" o
% Surface Supplier 7 g
] finishing Explicate aim of quality >
g Supplier 8 requirements Z
o | Assembly of
= welded Supplier 9

structures

Supplier 10

Figure 5. Results and linkages of respondents concerning questions Q1 and Q2. Ascertaining the opinions of supplier network actors is one step to find
potential development targets in the case welding supply chain network.
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Responses to Q1 showed similar results to the complaints
data and the survey results indicated a link between the
complaints data and suppliers’ view of activities needing an
increase in competences. Studying the results of the survey,
there is a strong connection with the categorized complaint
data. Complaint data about self-caused defects and data from
the survey together give a greater focus on the focal
company, whereas by excluding the self-caused defects the
focus turns more to the suppliers themselves and managerial
employees. Excluding self-caused defects gives a better
indication of the state of quality development in the supply
chain network. This indicates the importance of information
sharing of requirements, guidelines and instructions between
the focal company and the supplier network. Investment in
establishing development targets may lead to reduction in
complaints and therefore greater productivity and improved
profitability of welding production in the focal company and
supply chain network. In responses to Q2, the improvement
activities are focused on the actual welding and welding
guidelines. This indicates that the focal company has
potential to decrease the number of complaints by focusing

on drawings and specifications.

4.3. Integrating the Complaint Data and Suppliers’
Observations

Construction of an integrated matrix of complaints data for
the ten year period and survey results of the supplier network
actors is the fourth step of the method. Results of
consideration of complaint data related to particular welding
suppliers over the ten year period and the survey results for
Q1 are presented in Table 1. 19 clearly distinguishable
reasons (= 20 % of complaints) can be seen as the root causes
of the complaints with marked sections and 20 selections that
suppliers selected for activities with potential to decrease
complaints. 74 % of clearly detectable reasons fully match
areas in which suppliers expected increased competencies to
decrease complaints and if the cases which recognized only
by the supplier are analysed only 5 % were a total mismatch.
The results show the state of development targets at the
supply chain network level.

Table 1. Integrated complaint data of particular suppliers and suppliers’ observations to show development targets in the welding production case.

Welding Component

Assembly of

Machining Surface

operations manufacturing operations treatment welded
structures

Supplier 1 2% X 49% 40% X 4% X 0% X
Supplier 2 45% X 20% 12% 13% 2%

Supplier 3 51% X 9% 18% X 5% X 11%

Supplier 4 52% X 9% 31% 6% 0%

Supplier 5 34% X 3% 43% X 18% 0%

Supplier 6 23% X 3% 7% 38% X 21% X
Supplier 7 42% 9% 45% X 3% 0%

Supplier 8 22% X 0% 68% 6% 5%

Supplier 9 0% 0% 100% X 0% 0%

Supplier 10 80% 20% 0% 0% 0%

X Answers related to Q1.
Q1 match with biggest impact with complaints.

Q1 non-match with complaints.

Concretizing the tabulated combined data with case end
products results the key suppliers bearing relative to
production and end products. The data of the second step is
used with numerical information of categorized complaints
related to end products and survey results. The combined
result was analysed with the RACI matrix (Table 2). The
RACI matrix shows results related to the focal company and
suppliers on the basis of potential developing actions and
survey questions. The Q1 and Q2 results related to each
supplier are shown with marked sections. R (Responsible)
indicates the actual doer of the action in the manufacturing
chain. In Q1 R based on complaints data of case products
with majority part (= 10 %) of categorized complained items

in second step of method. A (Accountable) indicates financial
responsibility and responsibility for the quality of the end
product at the network level. C (Consulted) describes in case
Ql the 5-10 % proportional amount of categorized
complaints related to case end products in the second step of
method and in Q2 C indicates the major amount of complains
in the categories of manufacturing, welding and assembly. I
(Informed) contains in Q1 < 5 % proportional amount of
those categorized complaints and in Q2 suppliers that have to
be informed of changes. The matrix contains the results of
QI and Q2 to illustrate the key targets for development
actions.
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Table 2. RACI matrix of combined result of complaint data of case end products and survey results to show important suppliers for development actions in

production.
Action FC S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 C M W A S
Component manufacturing A 1 R R 1 C/1 I S1 31% 23% 0.0% 53% 0.0%
Machining operations A 1 C1 R 1 Cln 1 I I I S2  344% 93% 14.1% 15.8% 19.6%
Welding operations Q1 A R R R 1 R 1 I S3 18.8% 14.0% 40.0% 36.8% 10.7%
Assembly of welding structures A CI R R R C/1 S4  00% 35% 14.1% 0.0% 1.8%
Surface treatment A R R 1 I R S5 31% 81% 12% 0.0% 1.8%
Improve manufacturing drawings R/A 1 Cl1 Cc1 1 I Cl1 1 I I I S6 94% 3.5% 22.4% 10.5% 46.4%
Enhance welding specifications Q R/A 1 C/l1 Cc1 Ccn 1 C/ln 1 I 1 I S7 0.0% 23% 24% 0.0% 0.0%
Enhance assembly instructions R/A 1 C/1 C1 1 1 C/ln 1 I 1 I S8 0.0% 23% 47% 53% 0.0%
Explicate aim of quality requirements R/A 1 I I I I I I I I I S9 0.0% 12% 0.0% 0.0% 0.0%
S10  3.1% 0.0% 0.0% 0.0% 0.0%
R 4 0o 4 5 1 o 3 0 0 o0 O
A 9 o o0 o o0 o O o0 o0 o0 o0
Sub result C 0 1 4 3 1 1 4 0 1 0 0 Impact factor
I 0 7 5 4 6 8 6 6 7 S5 5 R 0.3
48 09 25 25 1.1 1.0 23 06 09 05 05 A 0.4
R 4 0o 2 1 1 o 3 0 0 o0 O C 0.2
A 9 o o o o0 o O o0 o0 o0 o0 I 0.1
Summarised result C 0 0 2 0 1 1 2 0 0 0 0 pM) 1.0
I 0 5 2 1 1 4 2 2 1 2 0
48 05 12 04 06 06 15 02 01 02 0.0
FC Focal company
S1-S10 Suppliers
C Component manufacturing
M Machining operations
w Welding operations
A Assembly of welded structures
S Surface treatment

For the case example it is assumed that the impact
coefficients could be set as follows: R=0.3, A=04,C=0.2
and I = 0.1. The values are based on logical order where
responsibilities are about twice important compared to
information conveying and consulting is twice important
compared to sharing information. The results are based on
complaints data related to particular suppliers and the
impressions of the suppliers. The matrix show the key
suppliers related to complaints in a particular production
phase or action. The results show that the focal company is
financially responsible for the end products but also the
quality of manufacturing at the network level. The suppliers
S2 and S6 are clearly responsible for manufacturing related
complaints in the eight year period.

5. Results

By combining the previous stages of the study it is
possible to present a stepwise method which enables
perception of development targets. The study concretizes
actions for production development in the supply chain
network. Based on complaints, development targets are
focused on the supplier network. The results give an
allocated targets for development.

The structure of the developed five-step method is
presented in Fig. 6. The flow chart presents the generalized
stages on the left and the items on the right are corresponding
methods to support the stepwise analysis. The development
targets can be found from the intersection of the complaint
data and the survey of the suppliers. The target pointer of the

developed method is indicated by the survey results and it is
parallel to customer satisfaction and describes the state of the
supply chain network.

Step 1

« Data collection

« Data categorisation

« Establish the relative share of
particular process in production

Categorization of the
state of complaints

Step 2
¥
Classification of * Recognising the complaints
relevant data related to spesific products by
analyzing complaint data
Step 3

Collecting observations | * Survey to suppliers

from supplier network

Step 4

« Find the relationships and correlations
between Step 1, Step 2 and Step 3
« Utilization with matrix tools

The data integration

Step 5

Recognise the .
development targets

Selection based on Step 4

Figure 6. A five-step method to concretize actions for production process
development in a supply chain network based on complaint data.

6. Discussion

The study presents a new method to find development
targets in a supply chain network. On the basis of complaints
data, a five-step approach is used to establish areas of
development to improve quality and profitability in
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production. The study utilized complaints data about welding
suppliers (n = 10) gathered over a ten year period. The results
indicate that enhanced cooperation and knowledge transfer
can decrease complaints and can reflect the state of particular
functions in the supply chain network. A survey of supplier
network members concretizes the sensed state of the supply
chain network. Studied numerical data combined with survey
information are at the heart of the new approach to
understanding potential to increase profitability by quality
assurance and control. Quantitative analysis enables data-
based managerial decision making and with qualitative
analysis permits problem solving [59], which makes a mixed
method suitable for creation of a conception of the supply
chain network.

To verify the model and to show evidence to allow the
five-step method to be generalized it is necessary to discuss
briefly the complaints data collected in the example case.
When looking at complaints related to case welding suppliers
categorized by root cause of the complaint, the origin of the
complaints is similar in the end products and in the
information about all welding complaints regarding a
particular production. This exemplifies the systematic spread
of complaints for products. Welding as the actual root cause
of complaints rises nearly to a third of all related activities
when self-caused defects are not included in the results.
Reducing the number of complaints by removing self-caused
defects gives a clearer picture of the state of the supplier
network. The trend lines of the root cause of the complaints
to welding supplier do not critically change when all
complaints are analysed or when analysis is on the basis of
complaints allocated to case end products. Perceptible change
is related to the overall decrease in the number of complaints
concerning welding suppliers, and thus the reason for self-
caused defects can be seen in the change in the assembly
category. When excluding self-caused defects, the number of
complaints related to the assembly phase decreases and the
portion of complaints in other categories increases. A similar
trend can be noticed from small changes in the category
‘other’. Such a result can be expected when a supplier
network is manufacturing welded items and subassemblies
for product assembly in the focal company.

A lack of communication and competencies can be
reflected in complaints related to production and the results
of the research give clear evidence that complaints and
conscious quality assurance actions are interrelated.
Complaints data divided into categories have a clear
relationship with the survey of suppliers’ ideas of
improvement actions to decrease complaints received by the
focal company. When considering only complaints that are a
result of manufacturing defects by suppliers, the results direct
attention more to suppliers at the managerial level. Naturally,
examining complaints about items manufactured by welding
suppliers but damaged by the focal company leads to greater
emphasis on the focal company. The study gives better
results for the state of the supplier network if self-caused
defects are excluded. The results also show that the focal
company may effect a decrease in the number of complaints

by focusing on quality assurance through improved drawings
and more accurate specifications. Such information will help
suppliers in manufacturing operations to focus on particular
quality demands.

The numerical data concretize the situation regarding
complaints and when utilized together with the survey enable
a more comprehensive picture of areas for development to be
constructed than using only survey-based research. Suppliers
believe that increased competencies of functions and
activities related to welding can decrease complaints received
by the focal company; this view is supported by the
complaints data. By categorizing the survey results and
quantitative complaints data in the same way, areas for
development can clearly be seen. Matrix analysis of
complaints data related to case end products and analysis of
the survey concretized targets for developing. This approach
can be useful for finding the quality development targets of
products manufactured in a supplier network. Analysing the
survey results by supplier and connecting this information to
data of complaints of particular suppliers enables the root
cause of the complaints to be concluded. This finding is
supported by the 74 % matching rate of the results for the
survey and complaints data and the activities seen as
requiring development actions. Key suppliers for
development actions to decrease complaints can be
recognized using the applied RACI matrix. However,
unmarked sections of the RACI matrix also indicate that
activities for decreasing complaints are recognized only
partly by suppliers. For example among suppliers S2 and S6
the difference between the most potential developments
targets based on complaints data (R) and the unrecognized
ones could be even 50 %.

This study shows that combining production data and
information about the surroundings of welding production
provides a new approach to developing quality
manufacturing in a welding supplier network. Based on this
information, managerial and strategic decisions can be made
that enhance manufacturing and marketing in the supply
chain network context. The information can be expanded
further to the level of each supplier and also the different
areas of manufacturing and different business functions.

This study answers the research questions using the
developed five-step method of integrated data and survey
results of suppliers. The crucial points of production
development can be recognised by combining filtered data of
complaints collected from suppliers and observations formed
from opinions that are gathered from the supplier network.
This integration makes it possible to decrease the number of
complaints and gain enhanced quality and profitability in the
supply chain network context. In practise, this means that the
development targets can be found at the intersection of the
complaints data and survey results by using a matrix for
integration of the information. The main point is to recognise
feedback from a multiplicity of complaint data alongside the
impressions of the actors involved. This makes it possible to
handle productivity issues which are connected with welding
quality assessment aspects.
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There are limitations to the research results presented in
this paper. The research is trying to address supply chain
network challenges by consideration of welding quality,
productivity and profitability. The study considers supply
chain networks in manufacturing industry and the research is
illustrated with the case of welding manufacturing in a
welding supplier network. Generally, companies see
themselves as a centre of a network [65]. This research focus
puts the focal company at the centre and surrounding
associated companies view their position as a part of the
focal company’s network. Thus, this study is focused on
particular production in a supply chain network context. It is
important to know that the case example and the collected
data deal only with GMAW process and therefore the content
of the first step (Categorization of the state of complaints) of
the method is tuned for GMAW process. The research
illustrates one way to link data about supply chain network
activities and formulate a way to discover the main
improvements targets for manufacturing or business
processes. Further research is needed to generalize the
method with systematic complaint management calculations,
and there is a need to assess other manufacturing and
operation functions with numerical based data and
observations. Furthermore, internal complaints in the focal
firm must be considered when observing in more detail the
cost impact on particular production methods and the end
product.

7. Conclusion

Multiple current studies provide general information about
supply chain networks from perspectives of economical,
managerial and production development. This research
presents a new approach to the application of collected
numerical production data in efforts to improve quality in
supply chain network manufacturing and reduce the number
of complaints. This research uses an industrial production
example of a case study of a welding supplier network. The
studied numerical data about complaints related to the
supplier network combined with supplier survey information
provide a way to understand potential for managerial,
strategic and marketing development.

This study presented a new five-step method for analysing
supply chain networks on the basis of complaints related to
the supplier network as a way to improve quality and
increase profitability in production. In this study, the case
network was studied from different perspectives using
complaints related to the supplier network found in numerical
production data. Using a mixed method approach gave a
concrete way to visualize and understand what is going on in
supply network as it appertains to product quality. Quality
data concerning complaints in the supply chain network
related to welding manufacturing collected over ten years
(2006-2015) was capitalized on to find a new way to observe
potential for enhanced quality and profitability in
manufacturing. Utilization of the data, integrated with the
survey results, enabled the main targets for development to

be established. Based on an assumption that a lack of
communication and competencies can be reflected in
complaints about production, the results demonstrate the
importance of knowledge transfer and competencies in
quality development and show their potential to increase
network behaviour and assist in meeting strategic aims.

According to the results of this research, main
development targets for production can be found from the
intersection of complaint data and supplier survey results by
using a RACI integration matrix. Use of data-based analysis
with survey results and the five-step method may help
managerial decision-making and efforts by suppliers to
promote manufacturing quality. The results indicate clearly
the feasibility of using the new approach to determine
discrepancies in supplier network activities. This study
provides a concrete way, using the presented five-step
method, to see and understand what is going on in a supply
chain network from the perspective of welding quality
assessment and total product quality. Further research into
how to formulate data handling and generalize the approach
will allow its considerable potential to be realized.
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