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Abstract:

The purpose of this study is to explore the challenges with industrialization across a supply chain
network, from a supplier perspective. The study focuses on identifying the challenges encountered by
the supplier, when working with industrialization alongside the customer’s industrialization process, the
reasons for and the effects of these challenges, as well as how these challenges can be managed.
These issues have been examined through a single case study including a Swedish company from the
polymer systems and components industry. Empirical data has been collected through in-depth and
semi-structured interviews. This study has identified fourteen challenges as well as their main reasons
and effects. In addition, solutions to the challenges have been identified. The challenges can be
classified as internal or external. An internal challenge originates from inside the supplier's own
organization, while an external challenge originates from the customer’'s organization or from the
collaboration between the two organizations. This study is explorative in nature and is limited to one
supplier located in Sweden. Thus, empirical data from similar and other research settings should be
gathered to reinforce the validity of the findings.
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1. INTRODUCTION

Product realization is one of the most critical capabilities within a company. It is vital to develop new
products with high quality, low cost, and in a short time to stay competitive (Surbier et al., 2013). Major
role in this plays the production ramp-up or the final stage of product realization (Clark and Fujimoto,
1991). The goal of the ramp-up is to reach volume production as quick as possible, which in the end
affects the product price and profitability. It is critical to ramp-up quickly to profitable volume production
to reduce production costs and to ensure return on investment (Almgren, 1999). During the production
ramp-up, many problems may occur, which usually can be traced back to activities conducted during
the preceding industrialization stage (Fjallstrom et al., 2009). Thus, it may be helpful to adopt a holistic
perspective and analyze the entire product realization process. The industrialization is concerned with
the activities carried out to make it possible to produce the product in planned volumes to the
customer (Bellgran and Safsten, 2010). The goal is to design and verify the production system in such
a way that it is easy to reach profitable volume production. In other words, prepare for a successful
production ramp-up (Almgren, 1999; Terwiesch, et al. 2001).

It is usually during the industrialization that the main decisions are taken and the agreements and
relations with the suppliers are established. This means that the industrialization is not just an issue for
the focal company, it also involves suppliers. Thus, industrialization is not a question of how to prepare
for successful ramp-up within the focal company but rather across the whole supply chain network.
Even if much research exists with regard to industrialization, the dimension of industrialization across
a supply chain network has not been addressed to a greater extent (Raman and Chhajed, 1995;
Carrillo and Franza, 2006). In addition, most of the research is conducted from an original equipment
manufacturer (OEM) perspective (Surbier et al., 2013; Fjallstrdm et al., 2009; Terwiesch and Bohn,
2001). Thus, it would be of particular interest to know more about the challenges with industrialization
across a supply chain network, from a supplier perspective.

The purpose of this study is to explore the challenges with industrialization across a supply chain
network, from a supplier perspective. The specific research questions are: (1) “What challenges are
encountered by the supplier, when working with industrialization alongside the customer’s
industrialization process”; (2) “What are the reasons for these challenges?”; (3) “What are the effects
of these challenges?”; and (4) “How can these challenges be managed?”. These questions have been
examined through a single case study including a Swedish company from the polymer systems and
components industry.

2. LITERATURE REVIEW

The product realization usually is organized into a process consisting of several stages. Figure 1
shows an example of a product realization process, which has been divided into four stages: product
planning, design process, process planning, and volume production. In the product planning stage, the
initial market research is conducted. The idea is to transform customer demands into a product idea.
In this stage, the scope and delimitations of the project also are formulated. In the design process
stage, the actual product is designed and constructed based on the product idea while the production
process and equipment for the manufacturing of the product are designed and constructed in the
process planning stage. In the volume production stage, the product is transferred to production and
the continuous production starts. The product realization process is ended when the start of production
(SOP) has occurred, and volume production has been achieved, i.e. after production ramp-up
(Bellgran and Safsten, 2010).
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Figure 1 — The product realization process (modified from Bellgran and Sé&fsten, 2010)
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Product realization process is important not only for the coordination of the flow of new products
internally at the OEM but also to define in what areas, when and how suppliers should be involved in
the product development (Carillo and Franza, 2006). Thus, activities performed across organizational
boundaries call for effective inter-organizational coordination (e.g. Lakemond et al. 2006; Twigg, 2002;
Hartley et al., 1997) through among other things, clear project plans and detailed agreements
(Wynstra et al., 2001). Wagner and Hoegl (2006) argue that achievement of supplier involvement and
coordination during the product realization is challenging due to for example the need to overcome
organizational difference (Tabrizi and Walleigh, 1997). Clear communication and trust are among the
prevailing challenges mentioned by researchers (e.g. Wynstra et al., 2001) that have consequences
for the mutual expectations and forming of agreements. Further, the degree of commitment of the
supplier to the OEM is often associated with the agreed potential sales and hence can be challenging
(McCutcheon et al.,, 1997). Some researchers discuss the importance of the timely involvement of
suppliers and propose segmentation (e.g. Wynstra and ten Pierick, 2000). Moreover, the technical
expertise of the suppliers and hence the selection of the right suppliers are also issues emphasized in
the literature (e.g. Wagner and Hoegl, 2006). Therefore, clearly defined objectives, processes as well
as well-established coordination mechanisms and procedures for supplier involvement are perceived
as important by researchers (e.g. Ragatz et al., 1997; Lakemond et al., 2006; Wynstra et al., 2001).

3. RESEARCH METHOD

This research aims to explore the challenges with industrialization across a supply chain network from
a supplier perspective. This issue is examined through a single case study. The case study was
considered appropriate since this research analyzes contemporary events, in a complex setting in
which the researcher has no control over the events (Yin, 2009). Case studies serve several purposes
and fit the theory building approach of this research well (Voss et al., 2002). The research is mainly
inductive since it tries to create explanations and descriptions based on observations (Smith, 1998).
The case study is not a data collection method; it is rather a method for combining several data
sources in a certain setting (Yin, 2009). Hence, it is not limited to the rigid restrictions of surveys and
models (Voss et al., 2002), and can thus have a very high impact on theory development.

The case study includes a Swedish supplier from the polymer systems and components industry. The
supplier develops, industrializes, and manufactures polymer systems and components. A polymer
system refers to a more complex product consisting of several individual components that are
integrated together into a complete system. The supplier works within three separate customer
segments: Trucks, Industrial, and Medifarm. A majority of the supplier’s products are aimed for the
automotive industry since they have specialized themselves in heavy vehicles. The turnover is about
40 MEUR and they have more than 200 employees. The case company was chosen since their
business is about industrialization as they develop polymer systems and components to be included in
focal companies products.

The required data has been collected during the three-year period of 2013-2015, mainly from in-depth
and semi-structured interviews with key persons involved in the industrialization process within the
case company. The interviews lasted for 90-180 minutes and included people from various
departments, such as logistics, purchasing, production, sales, marketing, and product development.
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The data collection further included a review of secondary data, such as internal documentation and
economic reports. The data collection and analysis resulted in a number of challenges as well as their
main reasons, effects and possible solutions.

The quality of the research has been ensured by using multiple sources of evidence and by allowing
key informants to review findings. Internal validity has been ensured by testing explanations derived
from the findings, against rival explanations with informants as well as research colleagues. The
external validity is ensured by the theoretical foundation of this study while case study reports ensure
the reliability (Yin, 2009). The triangulation of data, methods and theory has contributed to the rigor,
depth, and breadth of the results (Flick, 2009). This can be compared with validation (Yin, 2009), and
also help the researcher to form a more whole understanding of the studied phenomenon (Scandura
and Williams, 2000).

4. CASE ENVIRONMENT

The supplier’s industrialization work is organized into a process consisting of three stages, the end of
each stage being a gate or checkpoint. The industrialization process is project-oriented so each time it
is initiated a new project is created. A cross-functional project team is responsible to make sure that a
number of critical activities/tasks have been conducted by a responsible person and to evaluate the
outcome before the industrialization project can pass on to the next stage. The project team is already
established during the quotation process and consists of a project leader, a production engineer, a
quality engineer, a tool purchaser, a key account manager, and the head of purchasing.

The first stage of the industrialization process (design) involves the design of the molding tool as well
as the related production equipment that allow the component requested by the customer to be
manufactured. Normally, the customer provides detail drawings and specifications of the component
and the supplier is involved only in the design of the tool and the related production equipment. The
design stage begins when the customer (project) order is received. The supplier begins to collect and
analyze the customer provided drawings and specifications and then they have a design and contract
review meeting together with the customer (project start-up). After the project start-up, the project
management is initiated. Then, the molding tool and the related production equipment are designed.
The production equipment is designed internally but the needed systems and components are
procured from external sub-suppliers. The supplier uses external sub-suppliers to design and
manufacture the molding tool. Much of this design work is prepared already during the quotation
process, where the supplier prepares and sends molding tool and equipment inquires to sub-suppliers
and assesses their offers. In this stage, molding tool and equipment orders are sent to the selected
suppliers. In addition, the procurement of material and input components are prepared. An investment
request is also made in this stage. The final steps of this stage are quality, production, and sales
preparation.

The second stage of the industrialization process (production/assembly) involves the production of the
molding tool and the assembly of the related production equipment. The production/assembly stage
begins when the molding tool and the production equipment designs are finished. External suppliers,
primarily located in low cost countries in Asia, manufacture the molding tool. Historically, all molding
tools have been manufactured in Sweden but due to global competition and cost pressure, this is not
feasible any longer. This implies that the final configuration of the molding tool and the related
production equipment is delayed until the verified molding tool is delivered to Sweden. However, the
assembly of the related production equipment starts already in this stage.

The third stage of the industrialization process (verification) involves the verification of the molding tool
and the related production equipment. It is about ensuring that all components manufactured by the
tool and the related production equipment follow the specifications. The verification stage begins when
the molding tool and the related production equipment are ready. The tool is first verified separately at
the tool manufacturer during several pre-production (improvement) rounds in collaboration with the
customer. Each evaluation round takes around 5 to 6 weeks to complete, including 2 weeks for the
tool manufacturer to modify the molding tool. After the molding tool is verified and approved it is
delivered to the production plant in Sweden. The delivery time from Asia to Sweden is around 8 weeks
(by boat). When the molding tool is delivered and set-up in Sweden it is the first time the component is
produces in the correct production equipment. This is also where the fine-tuning of the production
equipment takes place, and this could require some additional improvement rounds. When the final
verification of the molding tool and the related production equipment is completed and approved
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(PPAP - Production Part Approval Process), the component is transferred to the continuous (serial)
production (sign-off approved), and the industrialization project is ended. When the industrialization
project is ended, a follow-up is performed (lessons learned) and the actual cost is calculated in order
to examine if it follows budget and if the product is still profitable to manufacture. The total lead-time
from project order to sign-off (ready for SOP) is around 18 months but this includes no disturbances or
customer modifications. The SOP occurs when the first batch in the serial production is manufactured.
The production is in a ramp-up stage until the production targets are reached.

5. FINDINGS AND ANALYSIS

Fourteen challenges as well as their main reasons, effects and possible solutions have been identified
(Table 1). The identified challenges include: (1) Readiness of the component design released by the
customer, (2) Changes in the component design after tool order, (3) Time pressure in the customer's
development project, (4) The customer's project planning and management, (5) Communication and
agreement with the customer, (6) The transition from industrialization to continuous production, (7)
PPAP agreement with the customer, (8) The customer request the tool to be moved from overseas
supplier before the tool has been verified, (9) The project managers skills at the supplier, (10)
Industrialization work model at the supplier, (11) Information exchange between the customer and the
supplier, (12) Time of involvement in the customer's project, (13) The customer's forecast accuracy,
and (14) Long-term performance of the final tool and the related production equipment,

Some of the identified challenges are also highlighted in the literature. To begin with, the importance
of clear project plans and agreements between the customer and the supplier is emphasized in the
literature (Wynstra et al., 2001), and this can be linked to challenges 3, 4, 5, and 7. Secondly, the
importance of clear communication and trust between the customer and the supplier is highlighted in
the literature (Wynstra et al.,, 2001), and this can be linked to challenges 5 and 11. Thirdly, the
importance of timely involvement of suppliers is addressed in the literature (Wynstra and Hoegl, 2006),
and this can be linked to challenge 12. Fourthly, the importance of well-defined objectives internally
and between the customer and the supplier as well as the need of coordination mechanisms are
stressed in the literature (Ragatz et al., 1997; Lakemond et al., 2006; Wynstra et al., 2001), and this
can be linked to challenges 7, 8, 10, 11, and 14. Finally, the importance of overcoming organizational
differences (e.g., understanding, priorities and motivation) is emphasized in the literature (Wynstra and
Hoegl, 2006), and this is linked to challenge number 4.

The challenges can be classified as either internal or external. An internal challenges originates from
inside the supplier's own organization, while an external challenges originates from the customer’s
organization or from the collaboration between the two organizations. Most of the identified challenges
are external challenges. Consequently, companies should not solely focus on the internal activities
and interfaces but also on the activities and interfaces between the actors in the supply chain.
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6. CONCLUDING REMARKS

This study aimed to explore the challenges with industrialization across a supply chain network, from a
supplier perspective. The study focuses on identifying the challenges encountered by the supplier,
when working with industrialization alongside the customer’s industrialization process, the reasons for
and the effects of these challenges, as well as how these challenges can be managed. This study has
identified fourteen challenges as well as their main reasons, effects and possible solutions (Table 1).
The challenges can be classified as either internal or external. An internal challenges originates from
inside the supplier's own organization, while an external challenges originates from the customer’s
organization or from the collaboration between the two organizations. Most of the identified challenges
are external ones. This research provides knowledge to the area of industrialization across a supply
chain network and to the area of industrialization from a supplier perspective. Consequently, this
research contributes by delving into areas currently not addressed to a greater extent in the scientific
literature. In particular, this research provides insights about challenges with industrialization across a
supply chain network, from a supplier perspective. The main practical implication is that companies
should not solely focus on the systemization and standardization of the internal operations, activities
and interfaces but also on the activities and interfaces between the actors in the supply chain, which
are of major importance to reach cost and time targets. This study is explorative in nature and is
limited to one supplier located in Sweden. Thus, additional empirical data from similar and other
research settings should be gathered to reinforce the validity of the reported findings. This limitation
should be considered when later researchers attempt to replicate or further test the above findings and
can be readily addressed by further research. Other interesting aspects for further research would be
to investigate this topic further in different types of industries and countries to see if there are any
differences in how these activities are conducted and in the challenges encountered.
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