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1. Introduction

Study of supply chains and business networks has
become an important aspect of efforts to enhance efficien-
cy in industrial manufacturing and modern business. It is
generally accepted that business is becoming increasingly
global [1-3] and competition becoming increasingly in-
tense. This transformed business environment has changed
manufacturing processes, especially connections between
different functions in commercial activity, and has promot-
ed the adoption of new technologies.

A business network can be defined as a set of
nodes and the set of ties depicting the relationship between
the nodes [4]. It has been suggested that networks with
well-coordinated and managed connections between the
different parts of the network and their actions can gain
considerable benefits as regards organizational competi-
tiveness [5]. Network studies can comprise different views
depending on the focus of research and the perspective
used to interpret the results; for example, network model-
ing can provide valuable information about network behav-
ior [2, 6, 7]. Such modeling is an approach that gives a
comprehensive overview of a network.

However, the variety of approaches used in the
field have led to a lack of clarity regarding the conceptual
division between supply chains and networks. Further-
more, despite the considerable amount of research, there is
a lack of work dealing with specific fields of manufactur-
ing, their characteristic functions and requirements. Addi-
tionally, it is not clear whether a supply chain or network
approach is predominant and how the two approaches
perform in specific manufacturing contexts. It is of interest
to observe how different manufacturing processes in dif-
ferent industrial fields emphasize different linkages be-
tween different functions.

The purpose of this paper is to elucidate the net-
work concept within the context of the welding industry.
The paper reviews background information about networks
and compares this theoretical information with practices in
welding manufacturing. The paper studies the common
attributes of welding networks and welding manufacturing
chains dominated by a focal firm and presents an example
of the internal and external linkages of a welding network.

The study is based on analysis of welding net-
works involving small- and medium-sized companies. In
the empirical part of the work, the structure and different
levels of welding networks were defined using experi-
mental information about welding networks. The data was
collected in 2010 to 2013 and is based on three welding

networks consisting of three to four small- and medium-
sized companies with welding workshop activity. The
network structure in its entirety consisted of a larger num-
ber of firms. The linkages were defined experimentally and
using data collected in numerous interviews, and from
observations and production data. The observed linkages
were followed upstream (suppliers) and downstream (cus-
tomers), with focal firm dominance, and both internal
linkages and external linkages of the welding network
were explored. The paper also discusses increases in the
profitability of welding functions that may be possible as a
result of increased cooperation in the network.

2. From manufacturing supply chains to welding net-
works

Supply chains of many fields of industry have
been studied by many authors, and the different parts of the
manufacturing chain have been designated throughout its
whole length, from raw material to final product and cus-
tomer [8]. A typical supply chain contains the functions of
supply, manufacturing, distribution and retailers or con-
sumers [9-11]. Supply chains consist of many firms, which
are defined by their individual relationships to each other
[6]. Intercommunication in a supply chain is however
commonly dyadic, e.g., between a supplier and customer
(Fig. 1). The functions in the different parts of the supply
chain have been surveyed from many different perspec-
tives, from individual manufacturing processes to the eco-
nomic life cycle of the manufactured product.
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Fig. 1 Typical supply chain with dyadic intercommunica-
tion (Adapted) [10]

When making efforts to develop greater efficien-
cy in the supply chain, the need to understand its business
processes and linkages becomes more important [8]. Thus,
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the focus of research interest has shifted from viewing
manufacturing processes in isolation to consideration of
the different functions of the relationships within the sup-
ply chain. While much research still focuses on considera-
tion of only one tier of the supply chain relationship, inves-
tigation of multiple levels of relationships and the various
dynamics in communication and cooperation at an organi-
zational level is becoming more prominent [4, 6]. The
development of more complex relationships in the supply
chain is leading to a greater emphasis on the network per-
spective.

The dividing line between supply chains and pro-
duction networks is not clear-cut. Many authors [7, 11-17]
describe business processes and manufacturing as being a
part of the supply chain network. The conflated concept of
supply chain and business network illustrates the change in
business management viewpoints, but also illustrates the
conceptual complexity of describing supply chains and
manufacturing [18, 19] and uncertainty in business pro-
cesses. Research interest in business networks has in-
creased over the last decades as the importance and preva-
lence of networks has become evident [1].

Networks are considered a complex environment
for managing business processes [20] formed of many
suppliers who are participants in different relationships
with many actors and tiers [12]. The complexity and mul-
tiple relationships in networks mean that they are strongly
dependent on cooperation [3, 4, 21]. It is important to
realize that strategic and management approaches differ
when stepping from an individual firm perspective to a
network environment [12]. Organizations aspire networks
for a variety of reasons. However, one of the specific rea-
son, in a general sense, it make possible to achieve some
end that they could not have achieved independently [5].

Networks can also be seen as consisting of many
supply chain strings which have linkages [21]. Network
members with linkages are known as nodes in the network
[4, 12]. Fig. 2 illustrates the complexity of networks and
the possibility of multiple supply chain structures involv-
ing members in a network. The dashed line emphasizes the
prospect of one particular manufacturing path in a network
of possible route choices, illustrated with a continuous line.
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Fig. 2 Generic network structure of operations and linkages

In conventional supply chains and supply chain
networks, the complex structure of relationships affecting
business processes is not seen as strongly as in production
networks. There is no strict division differentiating the
network itself from the supply chain network but there is a
fine noticeable difference in the complexity of the network
structure and behavior of participants of the network. For
example, a supply chain can be described as a network of
companies [6] and facilities and distribution entities [11],
and a supply chain network can consist of member firms
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and the links between them [18]. The network can have the
same facilities, but the network view is an aggregated view
of suppliers, the focal firm and customers [12].

Networks can be studied from many different per-
spectives. For example, network design and modelling, and
network management and manufacturing processes are of
interest in many studies of the global business environ-
ment. Depending on the perspective, particular aspects of
networks can be observed, e.g., variables related to materi-
al supply, component fabrication, manufacturing, and final
product distribution activities [7], or production, inventory
and transportation [13], or manufacturing, storage and
distribution [14]. Table 1 presents some recent research on
network behavior based on the perspective and network
aspects chosen for study.

Table 1
Perspectives of some recent research on networks divided
by approach of network study

Approach References
Metwork design and [2]. [6], [7]. [13]. [14]. [16]. [20], [22]. [23].
moadelling [24). [25]

HNetwork management
Mestwork CQuality

Metwork relationships and
COOperation

Finance and economics in

[13L [26], [27]. [28]
[16] [17], [29]

[3L [B]. [12]. [21], [27].[20]. [31]. [32]

[71. [14]. [18]. [17], [20], [25]

netwaorks

Metwork flexibility [11L[33]

Uncertainty of network [20) [15], [28]
Production networks often appear to have the
same base facilities as supply chains [e.g. 14], that is, sup-
ply chains and networks include cognate entities in some
instances. Nevertheless, both have their own distinguisha-
ble characteristics (Table 2). A key difference is that the
combined effect of production chain management and
business processes are analyzed at different levels and
evaluation criteria for suppliers and customers differ. Gen-
erally, a network-based approach concentrates more on
managing relationships between firms, and the business
processes involved are more multi-tiered than dyadic.
When comparing networks and supply chains, the focus of
operational strategy is both vertical and horizontal in net-
works, rather than only vertical as in supply chains [1].

Table 2
Differences between supply chains and networks according
to different approaches

Approack Sapply Chain Milwark

Main fooss ares hter firm I firm

Focus of linkages Fores on the nosdes Focwson linkages between nodes

Fuocal firm Focal Fom domizan Multiple focal firms

il Dsinng ferigrectios Suppliers - Musufctersr — | Sepmlior sotwork

teetrrork — Customer network

Wl Nzt
Cusomer

Coordimation of manufactering Foral firm Emqeivocal

Coogeration Dhackic Strongly dependent om conperalios
i -tired bevels
Cooperationdiracaon

Vertical wartical amd honzomal

In view of the fact that supply chains and net-
works appear to have their own distinguishable attributes,
there is an unsystematic convention when using the supply



chain or network notion, which, to a certain extent, seems
to depend on the nature of research. The research view of
networks appears to differ depending on the focus of the
study. Furthermore, the functions, design and management
of operations also seem to differ. This discrepancy in dif-
ferent aspects of network research is indicative of a need
for more examination, particularly as there has been a lack
of practical studies in network research in the last decade
[22]. At present, there is a need for empirical network
research of different aspects of business functions in dif-
ferent sectors of the manufacturing industry [15].

Researchers have observed networks from differ-
ent viewpoints or concentrated on specific sectors or func-
tions irrespective of the industrial field. Present studies
have not paid sufficient attention to particular operations or
functions in specific fields of manufacturing. Thus, there is
a need for more specific investigation. Network research
has commonly concentrated on economic aspects or rela-
tionships and there has been little focus on product and
process quality. Moreover, studies mostly separate the
supply chain and network for different operations in the
manufacturing chain, i.e., the network view is seen as
concentrating on management, and the supply chain as
concentrating on transport or distribution. This approach
restricts observations between different functions of a
network. Furthermore, if networks are divided into differ-
ent categorizes (e.g. entrepreneur, social and business
activity [34]) it prevents development of a panoramic view
of the whole manufacturing business.

When considering welding networks, empirical
observations in this study have shown that more functions
are focused on developing operations than promoting inter-
function activity. At present, typical welding networks
seem to have more the characteristics of a supply chain
with focal company dominance than wider view network
aspects (Fig. 3). The focal company dominates the trans-
mission of demands of manufacturing. Harnessing the
power of relationships and increased cooperation activity
would enable emphasis on manufacturing throughout the
production chain. Recent thinking on network behavior in
manufacturing is bringing welding closer to dominant
functions with a prospect of affecting the demands and
quality of welding and at an earlier stage.
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Fig. 3 Structure of a welding network with focal company
dominance

As can be noticed, the dividing line between sup-
ply chains and networks is unclear from the manufacturing
viewpoint and as a result supply chains and supply chain
networks can be treated as networks, if the premise of the
research is network studies, although differences in defini-
tion and variability in use of terms can lead to some uncer-
tainty.
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3. Linkages of welding networks

A typical supply chain in the welding industry is a
welding supply chain in which the focal company is the
dominant part of the chain and relationships between the
focal company and one individual supplier are more com-
mon than relationships between suppliers or at multi-tiered
levels. While the influence of different actions and rela-
tionships on network definitions is receiving more atten-
tion, the precise form of typical welding networks is still
under discussion and requires closer observation. Observa-
tion and analysis of existing network models can be im-
plemented in study of welding networks but there is no
demonstration of the influence and behavior of different
functions of welding and how to model functions under
welding demands.

Profitable manufacturing is strongly dependent on
fluent material flow and manufacturing competence. Fur-
thermore as noted earlier, cooperation between different
parts of a network and different internodal relationships are
major influences in functional networks and effective man-
agement of production. A closer look at the linkages of
networks is essential when looking at ways to improve
business management [28]. The dynamics of everyday
work is of importance and consequently the focus should
be more on networking than observing the network [35]
which emphasizes the importance of relationships between
different functions of a network.

On the basis of previous research and in view of
the lack of empirical studies focusing specifically on the
field, welding, which is an established technology and a
commonly undervalued action as manufacturing function
in the manufacturing chain, is a subject of considerable
interest. Welding manufacturing has the potential to en-
hance network profitability through the development of
relationships, competences and functions. Consideration of
welding operations as part of an effective and cost-
effective manufacturing chain can bring a considerable
increase in profitability [36].

The linkages of a network can be observed in dif-
ferent ways depending on the viewpoint chosen. Internal
linkages, e.g. between production, marketing, purchasing
and logistics functions, and external linkages, e.g., between
retailers, manufacturers and suppliers [27], can be viewed
differently when seen from the point of view of a focal
firm at the upstream level, at the focal firm level and at the
downstream level. In a network, the focal firm has a better
network position relative to the downstream firms [12].
By setting the upstream level as suppliers and the down-
stream level as customers, the observation level is defined
as the focal firm (Fig. 4). This simplified structure is out-
lined picture with welding workshop manufacturing.

With focal firm dominance a number of predomi-
nant functions determine the profitability of the welding
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Fig. 4 Simplified structure of linkages of a welding
network



network. The internal costs of the focal company and the
area of responsibility of each function dictate the manufac-
turing costs and can affect optimizing functions at others’
expense. Increasing the profitability of a welding network
requires knowledge of the internal linkages and knowledge
of network control. Design, purchasing and welding engi-
neering within quality functions and logistics affect weld-
ing actions before, during and after actual welding and
have an impact on the costs of manufacturing in the weld-
ing network. Coordination of welding is linking the func-
tions together with responsibility of welding operations.

These main functions need the support of man-
agement to implement decisions regarding issues of weld-
ing manufacturing with a focus on the quality of welding
and product and manufacturing requirements (Fig. 5). The
welding requirements add complexity to ensuring the qual-
ity of welded products when there are many cooperative
manufacturers in the welding network. Thus, welding
networks with special demands, like the environmental
demands of Arctic and offshore manufacturing, and the
high safety demands involved in welding of pressure ves-
sels and in the nuclear industry, need to observe particular
responses and relationships. There is also need for under-
standing of the different relationships affecting the compa-
nies in the network structure even when no direct link
exists [37].
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Fig. 5 Links between different functions of a company

Network quality is a significant concern when
aiming to achieve competitive advantage [38] and when
manufacturers expect continuous improvement of network
members’ performance [39]. When firms improve interac-
tion with suppliers and with customers on issues related to
materials flow and quality, firms can expect better time-
related operational performances as delivery speed and
punctuality [40]. In networks with focal firm dominance,
the responsibility for assurance of the quality requirements
rests with the focal company.

4. An example of a welding network

An example case welding network and its behav-
ior was studied empirically through observation and infor-
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mation from data collection. The example network struc-
ture and its linkages discussed here consists of three differ-
ent welding networks with focal companies and six first
tier welding cooperation companies with focal company
dominance. In this specific configuration, one individual
firm is bound to have cooperation with two networks.
These structures would widen if dominance in different
aspects of linkages and cooperation is considered. More
tiers are connected through the first tier.

The data was collected through multiple inter-
views, observation of focal companies and network mem-
bers, and written interview study. The target group com-
prised welding coordinators and design engineers, purchas-
ing operations, specialists of quality functions and welders.

Fig. 6 presents the structure of the three welding
networks studied. The three different entities include cus-
tomer networks, which are not discussed in this study; the
focus is on linkages and cooperation of the focal company
(in the middle) and suppliers (within the network). The tier
level of the network was dictated by the welded product
and different welding phases. Only welding functions were
observed. Part of the manufacturing chain was beyond the
focus area of the network and only a few main welding
suppliers were studied in this structure.

Each different network has linkages to other
firms. These connections describe the chain of welding
manufacturing, and as can be seen, the direction of manu-
facturing is towards the focal firm. The direction of inter-
communication is mainly two-way in the first tier of the
chain. This indicates the importance of cooperation in
manufacturing of welded products. If the tier level rises, it
seem that intercommunication with the focal company
becomes non-existent, which can affect quality assurance.

The cooperation level can be observed also from
the communication patterns of different functions at the
internal network level. A lack of internal information trans-
fer and a need for greater cooperation between welding
engineering, design engineering and purchasing functions
can be seen. Normally, the quality department is a part of
or close to the welding functions and cooperation is at an
appropriate level. However, this cooperation is too often
restricted to handling deviations or assurance of quality
requirements in internal manufacturing.

Logistic with information transfer has minor ef-
fect compared to intercommunication and cooperation in
order to develop welding manufacturing. Transport logis-
tics is mainly outsourced and rarely has any significant
influence on the welded product even if the manufacturing
chain extends globally. This position requires systematic
transport logistic design with applicability on particular
welded products and when there is no special demands on
transporting.

Cooperation between internal functions of the fo-
cal firm and other network members depends on company
culture and the quality level of the welding functions in the
focal firm. However, it is notable that purchasing and qual-
ity departments are closely bound with cooperation com-
panies, and more remarkable is that the cooperation mainly
consists of handling defects and complaints with suppliers.
Quality assurance by the focal firm is irregular, either
centered on the start of the cooperation or a subject of
periodic control. The example welding network studied
shows the enormous potential for improvements to the
efficiency and profitability of welding networks.
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Fig. 6 Example of a welding network with linkages and cooperation level of internal functions and network

Improvements in the cooperation level and assurance re-
quirements of the welding will be reflected in the quality
and cost of the end product.

5. Conclusions

Welding manufacturing can potentially improve
profitability by developing networks with appropriate
relationships, competences and functions. The research in
this work indicates that a lack of communication in internal
functions within the focal company dominating the weld-
ing network can reduce efficiency and prospects of in-
creasing profitability of welding manufacturing, and thus
end product profit. This research has resulted in new in-
sights into the changing business environment in welding
manufacturing, welding network structure, and relation-
ships of network members. The example draws attention to
linkages of the welding network and potential for im-
provement.

There is a lack of research about welding net-
works and the cooperation level between linkages of net-
work members, although linkages are clearly important in
network behavior. Our example of a three welding network
structure with multiple linkages shows that the direction of
intercommunication is mainly mutual in the first tier of the
chain, which demonstrates the importance of cooperation
in manufacturing of welded products. However, when the
tier level rises, intercommunication with the focal compa-
ny partly breaks. It is also noted that the most common
form of cooperation between the focal company and other
network member deals more with defects and reclamations
than quality assurance and welding coordination. This
finding indicates a lack of internal information transfer and
the need for more cooperation both internally and external-

ly in order to achieve more development of manufacturing
cooperation and profitability.

Welding networks have enormous potential to in-
crease the profitability of production through effective
management of internal cooperation linkages with design
engineering, purchasing, welding coordination and welding
manufacturing, and by focusing external cooperation on
quality assurance and welding requirements. Transport
logistics is mainly outsourced and rarely has any signifi-
cant influence on the welded product even if the manufac-
turing chain extends globally. This position occurs when
there exist systematic suitable logistic design on manufac-
turing for particular welded products.

Previous research on networks lacks empirical
studies and the particular field of welding networks re-
quires specific research. Future research is needed to study
further the management of welding networks, such as the
effect of linkages in welding networks and the cost-effect
on the profitability of welding manufacturing of deficien-
cies in cooperation. The value of networks and their effect
on the quality of welding manufacturing, including com-
ponent manufacturing, welding, finishing and painting, and
other manufacturing functions, and thus the profitability of
the final product is an interesting aspect requiring further
research. There is also need for observation of welding
networks with special requirements, like welding for the
offshore, pressure vessel, nuclear and Arctic industries.
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J. Toivanen, J. Martikainen, P. Heilmann

FROM SUPPLY CHAIN TO WELDING NETWORK: A
FRAMEWORK OF THE PROSPECTS OF NETWORKS
IN WELDING

Summary

This research has resulted in new insights into the
changing business environment in welding manufacturing
and welding network structure. It thus contributes to partly
addressing the lack of network research within specific
fields of network manufacturing, like welding, and re-
search considering cooperation levels with linkages of
network members. The study is based on theoretical in-
sights into networks presented in the literature and empiri-
cal knowledge of the welding and manufacturing industry.
An example provides evidence of the linkages of welding
networks and areas that can potentially improve the profit-
ability of manufacturing and the end product. It is found
that the cooperation level in welding manufacturing is
insufficiently developed for optimal network prospects and
profitable network manufacturing. Additionally, the need
for specific research of welding network management and
their influence on improved quality and profitability
throughout the manufacturing chain is noted.

Keywords: manufacturing network, network management,
welding linkages, welding network, welding supply chain.
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