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Abstract: Although undesirable, manufacturing defects leading to complaints are almost inevitable in the production of
manufactured products, and consideration of manufacturing quality is therefore an essential aspect of management of supply
chains with multiple suppliers. This study evaluates the relationship between complaints about the end product and welding
production in a multiple supplier chain. In the studied case, it was noticed that there is potential for improved welding
production management by suppliers to increase profitability by decreasing the number of welding defects that cause
complaints. This study shows one approach to analysis of the relation between complaints in the supply chain and their effect

on the end product.
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1. Introduction

Supply chain quality and manufacturing have been the
subject of active research interest and the topics have been
examined from many perspectives, for instance, from the
viewpoint of management [1, 2, 3], partnership [4], products
[5, 6] and costs [7, 8]. From the point of view of
manufacturing quality, the quality of supplier relationships
[9] is an important aspect in supply chain management.
Quality management is usually separated into segments such
as internal actions of operations managers within
organisations and external actions with purchasing and
logistic functions [1].

Researchers have studied issues related to the supply chain
such as production with defects [10], customer complaints
about service [11, 12] and data modelling for organizational
learning from complaints [13]. Researchers’ interest has also
been drawn to complaints related to latent defects with no
discovered reason [14], false failure returns [15] and the
impact of supplier production rate on defects and production
costs [16]. When studying human factors, Mateo et al. [17],
using production data, found that there is no significant

relation between complaints and absenteeism, and Gajdzik
and Sitko [18] found a relation between complaints and
human errors in steel sheets manufacturing.

Generally, existing research on complaint management and
complaints in production are based on modelling [19] and
interviews or questionnaires [3, 20]. Furthermore, the studies
tend to be general in nature, giving generic
recommendations. Despite the importance of general results,
which give valuable information about issues of concern and
suggestions for management of relevant aspects of
complaints handling, there is a need for more substantive
data-based results and more profound observation of
complaints and their effect on production and costs. Of
particular interest is mirroring complaints data to complete
product data as a means of discovering prospective processes
to increase profitability.

This paper evaluates the effect of complaints on the end
product in a welding production supply chain with multiple
suppliers. The approach provides new insights into the effect
of complaints about a specific manufactured product and
manufacturing process and indicates actions that may lead to
increased profitability. The study considers the following
research questions: firstly, how the characteristics of
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complaints about welding reflect the quality and costs of the
end product; and secondly, whether there is potential to
influence the quality and profitability of manufacturing of the
end product by improved control of the welding supply
chain. Results of the studied case show clearly the role of
welding production in end product quality in multisectoral
manufacturing and thus its importance in manufacturing
quality. The paper consists of two parts: a theoretical part
considering the theoretical background and an empirical
research part utilizing complaints data of the case focal
company in the welding supplier chain.

The novelty value of this research is based on the new
viewpoint of complaint analysis, which is supported by
statistical data and reliability calculations to which data is
collected from both the PDM system and complaint system.
The results of this analysis are verified with more than 14
000 real case examples.

2. Complaints Run Out from
Profitability

Quality of manufacturing is important thus complex with
multiple manufacturer in supply chain. Coordination of
supply chain [21], strategic supply chain management [22]
and thus, strategic supplier selection is acting more
significant role in manufacturing [23]. In welding
manufacturing the one typical structure of manufacturing is
structure where the focal company dominates the
manufacturing with multiple suppliers [24]. This kind of
structure leads to especially dyadic contacts but the increase
of cooperation between network members also enables multi-
tiered relationships and augmented manufacturing. However,
its complexity introduces multiple functions and linkages that
can have an effect on defect incidence and end product
quality [25].

The focal manufacturer in such a network defines the
product quality and price [26], which encompass, among
other costs, the costs of development and manufacturing.
Inadmissible parts in production inevitably cause
disturbances in the manufacturing chain, and defects and
failures generate unnecessary expense in the form of rework
and waste. The costs arising from defects consist of internal
failure costs from scrap, rework and delay, and external
failure costs from repairs, warranty claims and lost custom
[27]. These additional costs reduce the profitability of the end
product and therefore complaints do not promote profitable
outcomes. Complaints leading to additional waste also
complicate efforts to reduce the negative environmental
impacts of manufacturing [28].

However, defects leading to complaints are almost
inevitable in  production with  multiple member
manufacturing chains and the effect of inadmissible results
can magnify across the multiple actors involved. Complaints
can originate for many different reasons, for example,
product defect, damage during transportation, or even as a
result of misunderstandings. It should be noted that even

false failures or returns for no reason are detrimental to
suppliers [15], and they cause unnecessary expenses for both
the supplier and the focal company. Complaint behaviour and
complaint management are essential to ensure effective
relationship in business [20] and effective relationships
enable essential in profitable manufacturing. Competitive
advantage in manufacturing need continuous improvement of
product quality [29] and thus cost of quality seems to have
more strategic and economic importance compared to
previous time [7].

Quality design plays an important role in business
decisions concerning quality level and actions, and, thus, the
costs of quality. In a dynamic manufacturing chain, far-
sighted (i.e., economically long-term focused) quality
behaviour results in a more price-sensitive demand than a
myopic (i.e., economically short-term focused) approach.
The myopic approach provides consumers with a higher
quality—price ratio and more quality sensitive but less price-
sensitive market [26]. The balance between quality and
product costs is difficult to define when coordinating a
complex manufacturing chain. Product quality data can be
valuable for managing suppliers and product quality. Based
on information from monitoring the quantity and type of
complaints generated, the focal company can take remedial
and optimization actions to gain improved profitability and
enhanced production quality at the network level of the
dynamic manufacturing chain. Quality data thus form an
important basis for decision making regarding activities
related to quality control, management and improvement
[29]. Effective utilization of complaints data can assist the
focal company in control of quality costs.

3. Research Methods

In this study, numerical data of complaints relating to
welding suppliers and two welded case products were
gathered and analysed. The case products, which are two
different mobile machines, are end products with a large
number of different parts that are sourced from many
suppliers. Analysis of the complaints data focused on items
manufactured by welding suppliers and their effect on quality
and profitability in the welding network.

3.1. Data Collection

Case end products, Machine A and Machine B, are mobile
machines designed for work in demanding environments, and
the machines consist of multiple welded parts and structures
with multiple items. The products consist of 3 891 different
items and the total number of parts is 14 907. Data about the
parts used in this study are from the company’s PDM
(Product Data Management) system and data about
complaints are from the company’s complaints system. The
gathered data were tabulated and percentage portions were
calculated and scaled to find links between complaints and
potential for increased production profitability. Identification
of the links was based on observations of curve shape
variations together with peak values found from tabulated
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data. Finally, a tentative curve fit to describe the changes in
the number of complaints was tested based on learning curve.
The data also contain summarized numerical information
about items and complaints but the focus is on welding
supplier information.

The studied data comprise information about the number
of individual items, where the total number of items in the
end product is not given. The category total number of items
includes also the number of the same items (Table 1).
Complaints are observed similarly at a general level and also
focusing on items manufactured by welding suppliers. In this
analysis, welding supplier items are outsourced parts
manufactured by a supplier who does welding manufacturing
of parts or subassemblies for the focal company. Complaints
values show the number of individual complaints and do not
take into account the number of items within a single
complaint. Either observing costs are only indicated items,
not manufacturing activities. The welding supplier data were
divided into different categories for analysis with a mixed
method approach [30] with numerical data and clarification
results according to the root cause of the complaints.

Table 1. Data calculation example of number of individual items and total
number of items. The number of individual items describes every new item
number in the end product.

The number of complaints relative to the number of items
for Machine A and Machine B is presented in Table 2. The
table includes the percentage share of items manufactured by
welding suppliers and the total number of items, and also the
number of complaints relative to the number of items
manufactured by the welding suppliers. The share of items
related to welding suppliers relative to the number of items
about which complaints are received is considerable, thus the
impact of welding suppliers on the end product is evident. As
explained earlier, these results are the share of complaints
linked to an individual item and as the end products may
include several of the same items, the value does not take
into consideration the total number of items or complaints.
Therefore, Table 3 shows the share of the total number of
items manufactured by the welding suppliers. The total
number of items in Machine A is 4.06 times and in Machine
B 3.74 times the number of individual items. The total
number of complaints, including complaints not related to the
welding suppliers, was for Machine A 1.38 times and for
Machine B 0.65 times the total number of complaints about
individual items. From Table 2 and Table 3 it can be seen that
the share of individual items related to welding suppliers has
reduced by 13% - 15% but the complaints to welding
suppliers is still prominent when the difference in
composition of the items, e.g. multipart welded structures

Item number Item description Quantity and bulk items, is taken into consideration.
34966 Fastener 12
42815 Cover sheet 6 Table 2. The share of number of complaints, items related to welding
43467 Shaft 2 supplier and complaints related to welding supplier for Machine A and
21201 Sleeve 4 Machine B.
Number of individual items 4
Total number of items 24 Description Machine A Machine B Average
Number of complaints /
* The data are collected from an item group of 3 891 individual items where Nl 6 indi\I/)idual Ao 24.18% 14.65% 19.42%
the total number of items is 14 907. Items related to welding
. o suppliers / Number of 22.55% 27.73% 25.14%
The machines studied illustrate the number and cause of  individual items
complaints in the end product. The complaints data used are Complaints of items related to
general information about complaints regarding items in  Welding suppliers / Number of ~ 29.70% 37.65% 33.68%

production and, in this work, are not assigned to particular
machines. However, the data show the connection between
welded items and the volume of complaints and thus indicate
prospects of improving production profitability. Complaints
can be observed with general categorization of all complaints
in a welding network whereas this study focuses on studying
complaints from the viewpoint of an example end product.

3.2. Finding Connections Between the Content of
Complaints and the Items of the End Product

This research concentrates on three main areas. One focus
is summarization of numerical information about items and
complaints concerning two example end products (Machine
A and Machine B) over an eight year period. This part also
shows information about complaints in the launching year of
the product. The second focus is study of costs related to
items that have been the subject of complaints and analysis of
the correlation of these costs to the end product. The third
focal point is categorization of complaints on the basis of
root cause.

complaints

* The data are collected from an item group of 3 891 individual items where
the total number of items is 14 907.

Table 3. Total number of items manufactured by welding suppliers and
complaints related to welding suppliers for the case end product.

Description Machine A Machine B Average
Total number of items related

to welding suppliers / Total 8.74% 10.74% 9.74%
number of items

Total number of complaints

related to welding supplier / 21.62% 19.29% 20.45%

Total number of complaints

* The data are collected from an item group of 3 891 individual items where
the total number of items is 14 907.

Total complaints in the year of launch of the machines,
2008, the number of complaints related to welding suppliers
was 24% and in 2014 25%. The total number of complaints
was 4.68-fold (for Machine A) and 2.05-fold (for Machine B)
the number of complaints about individual items. However,
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the number of complaints in the year of launch related to case
products is presented in Table 4. The difference in the results
for Machine A and Machine B can be explained by the totally
new design and assembly of Machine B and therefore the
sensitivity of the welded items to complaints.

Cost of items of particular end products are counted using
information about the total number of related items. The
complete end products contain some very expensive items as
welded items, e.g. motor and power transmission. Excluding
the three most expensive items, the total cost of items
manufactured by welding suppliers raises, and by excluding
the five most expensive items, the amount continues to grow.
Table 5 shows the relative cost of items about which
complaints have been received by welding suppliers for all
parts and when the most expensive items are excluded.

Table 4. Launching year information of complaints of items related to
welding supplier and total quantity of welding supplier complaints.

Description Machine A Machine B Average
Number of individual

complaints related to welding 14.29% 37.02% 25.65%
suppliers in launching year

Total number of complaints

related to welding suppliersin ~ 5.34% 37.74% 20.04%

launching year

* The data are collected from an item group of 3 891 individual items where
the total number of items is 14 907.

Table 5. Relative cost of items in the case end products for all items and
without the most expensive items.

Description Machine A Machine B Average
Costvofltems felated to 9.93% 13.28% 11.61%
welding suppliers

Wlthout 3 the most expensive 29.31% 26.91% 28.11%
items

Wlthout 5 the most expensive 33.38% 2821% 30.80%
items

Cost of compla.lned 1tem§ 6.35% 5.08% 5.72%
related to welding suppliers

Wlthout 3 the most expensive 18.74% 10.30% 14.52%
items

i\tﬂglrtnhsout 5 the most expensive 21.35% 10.79% 16.07%

* The data are collected from an item group of 3 891 individual items where
the total number of items is 14 907.

The ratio of the number of complaints related to the
number of items in the end products manufactured by
welding suppliers to all complaints to the welding suppliers
divided in years is given in Fig. 1. General market conditions
and investment in product development is reflected in the
number of complaints in a particular year. Machine A has
been under development for several years with revision of
many items, which affects the rate of complaints. Machine B
is a totally new design structure and the number of
complaints first rises continuously before settling down. One
approach to interpretation of the curves in Fig. 1 is utilization
of learning curve theories. The learning process is complex
[31] and learning rate is not constant [32]. It can be expected
that quality is lower and costs are higher when there is a lack

of learning [32]. Consequently, after initial launch of a
product, the trend of complaints is a rising curve that peaks
before starting to decrease. The continuous line in Fig. 1
describes production of Machine A, where the number of
welding errors increases to a peak in 2012 before falling due
to the effect of organizational learning. Assuming that
organizational learning for Machine B follows a similar
pattern, the dashed line can be expected to peak after a few
years and then decline. The welding error lines resemble each
other but learning is at different stages of the learning life
cycle with different intensity of development. Curve
behaviour depends on how much development and how
many revisions are made and therefore the number of
complaints will probably never drop to zero.

Proportion of complaints related to welding supplier

Amount of complaints related to welding supplier

“/\_,__
2007 2008 2009 2010 2011 2012 2013 2014
All complaints (including out of Complaints related to welding
welding) supplier
Machine A Machine B ’ Machine A ====- Machine B

Figure 1. Complaints related to welding suppliers in the studied machines
for 2007-2014. From the two curves it can be concluded that the trend of
complaints is rising and presumably after reaching a peak it will start to
decrease.

Average
number of
complaints

related to

welding
supplier
Complaints divided by cause
35.0 %
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Figure 2. Proportion of complaints related to welding supplier in particular
machines divided by root cause phases in welding manufacturing in years
2007-2014. From the diagram it can be concluded that welding-related
functions are important factors in welding manufacturing.

The data in Fig. 1 do not relate to a specific reason or
cause of complaint. However, to improve manufacturing
productivity and decrease the number of defects, it is
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important to establish the underlying cause of complaints.
Complaints for 2007-2014 related to welding suppliers are
categorized by root cause and phase in welding
manufacturing in Fig. 2. Welding includes supporting
activities and actual welding is only one part of the welding
functions needed to reach the quality requirements of the
manufactured product. In Fig. 2, welding activities are
divided by actions related to welding activity. The figure also
shows the average proportional share of the average number
of complaints related to welding suppliers when the number
of the items and total quantity of items are included.

4. Discussion

Defects are common in production [10] and despite
existing models of quality costs [7] companies are still
required to deal with defective manufacturing. Liu et al. [26]
states that the manufacturer is responsible for product quality
and price, and this responsibility drives companies to make
efforts to ensure conformity of manufacturing throughout the
supply chain. Complaints are non-compliant actions in
manufacturing and inevitably cause extra costs. Reducing
such non-lucrative activity might increase production
profitability. The achievable gain depends on the efforts
required to reduce the number of complaints by investing in
quality actions and improvements in different functions of
the production chain.

In the study, the end products are two different machines
constructed of multiple items and designed for equivalent end
use. Approximately 25% of the individual items are
manufactured by welding suppliers, which forms
approximately 10% of the total number of items utilized in
production. This correlates with the notable role of welding
in manufacturing because the number of welded parts relative
to all items is disproportionate. Welded items usually entail
bigger workload and the required number of pieces is smaller
than ancillary items like bulk items, which have all individual
item number. The coefficient of the number of items relative
to the individual number of items confirms this finding.

Observing the complaints more closely, individual items
manufactured by the welding supplier (Machine A and
Machine B) caused 34% of the total complaints about
individual items. Over the period studied, complaints made to
welding suppliers show that the mean amount of complaints
dealing with Machine A and Machine B is about the same as
in the whole welding production (Fig. 3). The number of
complaints varies depending on production volume but the
rate is visible. In Fig. 3, the launching year position of
welding supplier complaints can be seen. Even though the
complaints are not related to particular machines and show
the number of marked complaints and do not take into
account the number of items inside a single complaint, the
results gives an overview of the significance of complaints in
welding production.

Cost of items of end products is not contained in
manufacturing costs and therefore is not relevant for
observing the total cost of the end product. However, the cost

of items indicate the material investment and therefore have a
big impact on total costs. As noted earlier, the end products
contain multiple items and different items will involve
different workload. The cost of items manufactured by
welding suppliers is approx. 12% of total cost of items of
product. Excluding the five most expensive items, the figure
is 2.7-fold compared previous and excluding only the three
most expensive items, the figure is still 2.4-fold. This shows
that welding suppliers are responsible for a third of the
manufacturing potential of the end product, and therefore
managing supplier quality occupies a very important position
in the manufacturing operations. The cost of items
manufactured by welding suppliers about which complaints
are received follows the same rate as total items
manufactured by welding supplier with 2.8-fold (excluding
five items) and 2.5-fold (excluding three items) results
compared to without excluding any of items. Excluding the
five most expensive items gives the result of 16% of total
items that welding suppliers are responsible for.

The total number of complaints to the welding suppliers
varies over the eight years period. It is difficult to analyse
any regular trend by items of particular end product of these
years. Although, these case end products seem to be close to
general trend of all complaints. The launching year of the
end product and the general market situation also have an
impact on production. Categorizing the complaints of case
machines by root cause of manufacturing phase indicates
the importance of welding-related functions. Actual welding
is near third of reason for complaints related to welding
suppliers.

100%
90%
S0%
70%
60%

50%

23%

S 350
vy 3 %

400 =0

o

24% 24% | |

200 :
300  aeederecrnnnnchocernnnchocceenec i R
20%
10%

)

0%
2006 2007 2008 2009 2010 2011 2012 2013 2014

Year
= Average of all complaints related to
welding supplier
Average of complaints related to welding supplier and
Machine A and Machine B

Figure 3. The number of complaints related to welding suppliers seems to
remain relatively stable year-on-year:

5. Conclusion

Pettersson and Segerstedt [33] state that manufacturing
costs are only one part of supply chain costs. This study
shows the potential of welding production functions to
increase production profitability by reducing manufacturing
defects that cause complaints. In the light of the results
presented, the effect of complaints on quality and costs is
evident. The results also indicate the potential to influence
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the quality and profitability of the end product by control of
complaints in the supplier chain. This shows the prospect to
impact disadvantages on welding production.

This research observed complaints and costs from the
viewpoint of items, in future research it would be interesting to
focus on costs of manufacturing through complained items and
therefore their impact on total costs of the end product. Such
information is essential when making efforts to improve
manufacturing quality and profitability from whole welding
network viewpoint. This research shows one approach to study
of the effect of manufacturing in the supply chain on end
product. Other studies could concentrate on categorization of
complaints in a welding supplier network by root cause and
finding the link between complaints, knowledge transfer and
competencies. Additionally, the effect of complaints on
revisions of welded items in a welding supplier network would
be interesting to define. Wider observation is needed in the
state of network pictures of welding network and influence on
the amount of complaints in welding production.
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