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1 INTRODUCTION 

In today´s manufacturing processes, for example, the process flow, lead times, quality, and cost-
effectiveness, need constant improvement to ensure the project delivery according to a planned 
schedule. All manufacturing processes are typically monitored and controlled using different methods 
and tools that include statistical methods, reporting, data, and feedback-related systematic ap-
proaches. A common factor of all process monitoring systems is to give the reliable status of the 
manufacturing process phases from order to delivery or the process phase to be considered. 

This final thesis was conducted as a sub-project of the client (hereafter NewIcon Oy, or NI) Subcon-
tractor´s Manufacturing Development Project which shall act as the case project regarding this final 
thesis project. The case project was launched at the beginning of September 2021 and the preliminary 
project closure was scheduled at the end of February 2022. The author of this final thesis was a 
member of the VSM team in this project and acted as a communicator between NewIcon Oy and 
Savonia University of Applied Sciences (SUAS). This project was launched using the Lean Six Sigma 
project management style using DMAIC which shall be introduced in the following chapters of this 
final thesis. 

1.1 Client organization 

NewIcon Oy is a health technology company founded in 2007 that has specialized in pharmacy auto-
mation systems by using advanced robotics and software. The main business area is to develop inno-
vative and competitive medicine and pharmaceutical storage, distribution, and dosing automation 
systems and software related to them. NewIcon Oy is constantly innovating and developing its prod-
ucts, systems, and software in cooperation with customers to ensure continuous development and 
improvement. (Vilhunen 2021, 3.) 

NewIcon Oy is the market leader in Finland with over 100 customers and the focus is to grow and 
target international markets. The health technology industry is a fast-growing business and 
NewIcon´s focus is to respond to the market demand. (Vilhunen 2021, 3.) 

1.2 Background information 

NewIcon Oy outsourced a substantial part of its production during 2019-2020 to the subcontractor 
whose operations are in Tallinn, Estonia. The collaboration covers all substantial production processes 
that include production planning, procurement, and purchase, material management, manufacturing, 
assembly on subcontractors’ premises, packaging, and shipping operations.  

To deepen the collaboration, development, and improvement regarding the quality of the operations 
between NewIcon Oy and the subcontractor, NewIcon´s management team decided to launch a sub-
contractor´s manufacturing development project that aims to reduce lead times from the order-to-
delivery process regarding the project deliveries. The subcontractor´s manufacturing development 
project was launched at the beginning of September 2021 and acted as a case project for this final 
thesis. 
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1.3 Purpose 

The main purpose of this final thesis is to study the Lean Six Sigma methodology, gather information, 
improve the incoming quality control of the subcontractor´s material management operations, reduce 
the lead time in the material management process, and encourage subcontractors to implement lean 
principles in their processes. The aim was to develop a generic tool(s) that can be applied to the 
material management process phase e.g., incoming quality inspection checklist and standardized work 
instruction(s). When these generic tools are applied to the material management process phase, the 
overall lead time shall be decreased and the overall quality control regarding the incoming goods will 
be improved. 

1.4 Delimitation 

This final thesis focuses on the subcontractor’s manufacturing process material management phase. 
All other contents and processes mentioned in this final thesis project are considered out of scope. 
However, all information and research results regarding processes from order-to-delivery are included 
in this final thesis for obtaining the best possible outcome. The scope of the material management 
phase starts with the substantial output from the production planning phase and continues to the 
assembly phase. 

1.5 Confidentiality 

All detailed information regarding the subcontractor´s operations is confidential. However, all data 
collected from interviews, process observations (Gemba walk), joint development meetings, and other 
background material regarding the final thesis project is valid and directly comparable for all subcon-
tractor operations. Detailed operative instructions e.g. Standard Operational Procedures (SOPs) fall 
under a non-disclosure agreement and will not be published entirely. Minor parts of instructions with 
no confidential information regarding the subcontractors´ direct operations e.g. checklists and table(s) 
may be published the appendices of this final thesis. 
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2 THEORY 

In this theory section, all relevant theories regarding the process and lean tools supporting this final 
thesis outcome are reviewed. The chosen process mapping tools e.g. SIPOC diagram, Statistical Pro-
cess Control (SPC), and lean methods were selected to demonstrate the whole process under inves-
tigation and to review the effectiveness of chosen tools when applied to the manufacturing process 
to be improved. There are over twenty effective lean management tools that can be used to eliminate 
waste and improve the process flow.  

In the theory section of this final thesis, it is focused on the process definition, Statistical Process 
Control (SPC), process improvement tools, and reviewing the most essential lean management tools 
regarding the outcome such as 5S, Value Stream Mapping, Continuous improvement (Kaizen), Waste 
recognition, and elimination (Muda), and Process observation (Gemba). The set of these lean tools 
will be the most supportive regarding the outcome of this final thesis. 

2.1 Process definition 

The process is a set of objectives and resources with multiple capabilities. Managers, supervisors, 
team leaders, and employees are responsible for process performance and obtaining the desired out-
put at the target level. The process view of an organization, department, or single function e.g., 
accounting is an accurate practice to describe operation inputs and outputs. (Krajewski, Malhotra & 
Ritzman 2019, 29.) 

Figure 1 shows how the processes work within an enterprise. There is a clear input before the pro-
cesses or operations start, and clear outputs that consist e.g. goods or services. All these functions 
can be performed in the external or internal environment. (Krajewski, Malhotra & Ritzman 2019, 29.) 

      

Figure 1. Processes and Operations (Krajewski, Malhotra & Ritzman 2019, 29) 
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2.2 Process mapping – SIPOC diagram 

SIPOC is an effective process mapping tool meaning Suppliers-Inputs-Process-Output-Customers. 
SIPOC is primarily used to describe the process and visualize the process starting with suppliers, and 
eventually after inputs, the process, and outputs, ending up with customers. The result shall be a 
simplified and readable diagram. The quality of the process output can be improved by analyzing the 
whole system inputs, developing the process under consideration, and focusing on the variables. 

SIPOC can be used as an effective communication tool between the teams, subcontractors, or other 
stakeholders. SIPOC can provide the actual data that all stakeholders can see the process from the 
same perspective. This procedure helps the management team to make the right decisions and give 
the actual review of the functions between the teams and stakeholders. 

The process can be described that SIPOC showing all the connections between the suppliers and 
customers. SIPOC method and the diagram help to identify the possible data gathering points from 
the process and provide needed information regarding the supplier, inputs, outputs, and the custom-
ers. (Karjalainen & Karjalainen, 2002, 100.) 

SIPOC consist of the following elements: 

Process description defines the process that produces required outputs that meet the customer 
requirements e.g., a product with the demanded specification or service. 

Inputs and outputs interfaces define and set the limits of the process starting and ending point. 

Suppliers produce all required inputs for the process. Supplier information must be accurate and 
defined as internal or external. All supplier information shall include the relation to the process input. 

Input requirements and measurements are expected values that focus on the process in de-
mand. The process inputs must meet the qualifications and requirements that the process is capable 
to produce the output level set by the customer. 

Inputs are the set functions that the process needs to operate. 

Outputs are the results of the process. Outputs must be related to the customer requirements. 

Customer requirements and measurements are expectations of the process output. The process 
outputs must be measured, and these results must comply with customer requirements. 

Customers are people or organizations (internal or external) that receive the process outputs and 
set the requirements for the outputs. (Karjalainen & Karjalainen, 2002, 100-101.) 

2.2.1 Creating SIPOC diagram 

Generating SIPOC diagram consists of eight main phases. The process interface and the guidelines 
shall be taken into consideration before generating the SIPOC diagram. The whole SIPOC diagram-
making process is recommended to launch with the team and/or stakeholders that are involved in the 
process in question. The process scope shall be defined and agreed upon with all participants before 
making of SIPOC diagram. 
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Eight phases of generating SIPOC diagram: 

1. Identify and name the process description 
2. Define the process scope. Define the process borderlines (start and endpoints). 
3. Make a list of outputs and requirements. 
4. Make a list of the customers of each output. 
5. Define the key features of the outputs to the customer and the key requirements of the 

process inputs. Customer requirements shall be documented on each output. 
6. Make a list of needed inputs regarding the process and how these inputs can be measured. 
7. Make a list of process suppliers (internal and external). 
8. Define, identify, and name the key process phases. (Karjalainen & Karjalainen 2002, 101.) 

Figure 2 shows each main step of SIPOC is listed and visually simplified. It is recommended to use 
more detailed information when starting to create a SIPOC diagram. 

 

Figure 2. SIPOC main steps (Vilhunen Niko, 2022 CC BY-SA) 

2.2.2 Statistical Process Control (SPC) 

Statistical Process Control (SPC) was developed by Walter Shewhart in the 1920s. Statistical Process 
Control is a procedure to evaluate process variations despite the industry or market area. (Keller 2011, 
9-10.) 

Walter Shewhart defined statistical process control as follows: 

“A phenomenon is said to be in statistical control when, through the use of past experience, we can 
predict how the phenomenon will vary in the future.” (Keller 2011, 10). 

Using the SPC method in process control, time is in one principal axis, and the data is collected during 
a short period of time. Each sample is categorized as a subgroup and tells us facts about the process 
such as the current amount of variation and its current location. When there is enough data collected 
from subgroups over a long period of time, short-term estimation can be used to predict process 
variations, and where the process location will be. The data can be calculated using standard or 
average deviation. The time component of the process is calculated using average, and subgroups 
are calculated separately using standard deviation. (Keller 2011, 10.) 
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SPC is one of the methods that is based on statistical mathematics. SPC also creates a concept of 
Walter E. Deming´s deep knowledge theory. By using the SPC method, the status of systems, and 
processes can be examined and analyzed. The variations in the process and/or system can be traced, 
and the possible root cause of the defect can be solved. (Karjalainen & Karjalainen 2000, 10.) 

Deming has demonstrated the principle of SPC using white and red beads to simulate daily production. 
This simulation’s purpose was to demonstrate the process variation. The white bead represents the 
approved products, and red beads were considered scrap. The sample size was set to 50 beads with 
a small percentage of red beads. This situation shall demonstrate the error rate of the process in the 
percentage rate of red beads that are considered scrap. (Keller 2011, 10-11.) 

Figure 3 shows the control chart of the red bead error rate. Each 50-bead sample has a different 
count of white beads. The limits have been set between 0% and 22% in which “0” indicates the Lower 
Control Limit (LCL), and “22” indicates the Upper Control Limit (UCL). (Keller 2011, 11.) 

 

Figure 3. Deming control chart of the red bead experiment (Keller 2011, 11) 

2.3 Lean philosophy 

Lean is described in the Lean Enterprise Institute (LEI) as follows: 

“Lean is a way of thinking about creating needed value with fewer resources and less waste. And lean 
is a practice consisting of continuous experimentation to achieve perfect value with zero-waste. Lean 
thinking and practice occur together.” (Lean Enterprise Institute 2022.) 

Waste elimination and flow improvement can be implemented using various methods. These methods 
are initially based on the Toyota Production System (TPS). Lean focuses to increase the value-added 
(VA) time, functions, and tasks to provide direct value to the customer and decrease the non-value-
added (NVA) time, functions, and tasks. Value-added functions are the parts of the process where the 
value is created and on which customers are willing to pay. The most common procedure to apply a 
lean solution is that process, product, and/or service will be optimized that meet requirements of 
customers. All products and services will be delivered using the just in time (JIT) principle, which 
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means that the customer is receiving the product or service at the right time, at the right place, and 
the product or service meets the quality requirements. (Cudney & Kestle 2011, 5-6.) 

2.4 5S Philosophy 

5S is a philosophy or methodology that aims for a factory or workplace to be clean, safe, well orga-
nized, and free of foreign objects or debris. Waste elimination is prioritized to optimize the productivity 
of the environment. 5S is specially designed for improving quality, safety, and productivity in working 
environments. (American Society for Quality 2022.) 

Table 1 shows the 5S quality tool base pillars that are originally derived from Japanese terms begin-
ning with the “S” letter. An english language version is a similar one and the purpose and the meaning 
remain the same. The 5S base pillars are easy to remember and effective when implemented. (Amer-
ican Society for Quality 2022.) 

Table 1. The 5S definitions (Vilhunen Niko, 2022 CC BY-SA) 

Japanese Translated English Definition 

Seiri Organize Sort Eliminate all not needed items e.g., tools, parts, 
and instructions by sorting and separating needed 
ones.  

Seiton Orderliness Set in Order  Organize and identify all remaining tools, parts, 
and instructions for easy access. 

Seiso  Cleanliness Shine Clean the work area and make sure it remains 
neat. 

Seikatsu Stantardize Standardize Standardize scheduled (daily) cleaning and 
maintenance based on sort, set in order, and 
shine. 

Shitsuke Discipline Sustain Make 5S a continuous manner by following the 
first four S´s. 

 

2.5 Value Stream Mapping 

Value Stream Mapping (VSM) is a rough image of the whole process under consideration. It is one of 
the most effective lean tools to describe and analyze the current state of the whole process using 
visual methods. Before using the Value Stream Mapping method, the current state of the process 
must be defined and identified. (Torkkola 2021, 131.) 

In the Value Stream Mapping method, all current state processes and procedures are needed that the 
product or service can be delivered to the customer. In a general perspective, Value Stream Mapping 
starts from the customer order and ends when the customer receives the product or service. All 
information, data, communications, integrated systems, etc., between the order and delivery, are 
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processed through multiple phases that include various processes, stakeholders, and resources. (Tork-
kola 2021, 131.) 

Figure 4 shows an example of the current state value stream map of Jensen Bearings Inc.’s order-to-
delivery process. Detailed information is presented for each process and the flow direction is visible. 
The process characteristics and detailed resources are shown in this current state value stream map. 
(Krajewski, Malhotra & Ritzman 2019, 253.) 

  

Figure 4. Current State Map (Krajewski, Malhotra & Ritzman 2019, 253) 

2.6 Continuous improvement (Kaizen) 

The word “kaizen” is a Japanese term and concept that stands for continuous improvement. Contin-
uous improvement is the methodology for seeking perfection, and how to improve the process flow 
and its functions. These improvements can be done in various methods using lean system thinking. 
The aim of continuous improvement is to eliminate waste, decrease the lead time, and develop the 
process. These actions and improvements are usually done by launching development projects re-
garding the process in question. (Krajewski, Malhotra & Ritzman 2019, 127.) 

The general belief of the continuous improvement methodology is that even the smallest phases and 
sub-phases of the process can be improved through “kaizen”. Since continuous improvement is one 
of the base principles of lean thinking, people can use these effective tools to defeat the challenges 
ahead. When people are continuously developing and improving their knowledge base, behavior, 
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skills, and practices using proper tools, it will lead to respect for each other. A respectful environment 
encourages people to grow and think independently. (Liker & Ross 2017, 394.) 

One of the efficient process problem-solving tools for continuous improvement is the Plan-Do-Check-
Act (PDCA) circle, often called the Deming cycle which was originally introduced by William Edward 
Deming in Japan in the 1950s (Nicholas 2018, 31). It is often called the alternatively Plan-Do-Study-
Act (PDSA) cycle, however, the principle of using this problem-solving tool remains the same. (Liker 
& Ross 2017, 32.) 

To understand the philosophy of the Plan-Do-Study-Act cycle is to use the diagram with simplified 
instructions. To simplify the phases of how to use the PDSA cycle can be described as follows: 

1. Plan is the phase when hypotheses are made. 
2. Do is the phase when the experiments are made. 
3. Study is the phase of learning opportunities and studying the phenomena. 
4. Act is the phase where the next actions are decided, and lessons learned are reviewed. (Liker 

& Ross 2017, 76.) 

Figure 5 shows the Plan-Do-Study-Act cycle that is based on Deming´s original cycle. 

 

Figure 5. Plan-Do-Study-Act cycle (Vilhunen Niko, 2022 CC BY-SA) 

When using the Deming cycle as a problem-solving and continuous improvement tool, the planning 
process starts with five-why questions. The purpose of asking these questions is to follow the proce-
dure for finding the root cause of the problem. The idea is to find the actual reason for the defect, 
not just to investigate superficial symptoms. (Nicholas 2018, 33.) 

The observed problem of the defective parts can be described as follows: 

1. Why do these parts have defects? 
2. Why do these machines not maintain uniform quality and tolerance? 
3. Why are these machine operators trained and qualified properly? 
4. Why these machine operators have lack motivation? 
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5. Why is the lack of motivation caused by the machine? 

In most cases, the real problem and the root cause can be found after processing the five whys. If 
the lack of motivation is caused by the machine and that appears to be the root cause of the problem. 
The replacement of the machine can solve the problem in this case and increase motivation of the 
machine operators. (Nicholas 2018, 33-34.) 

2.7 Waste identification and elimination (Muda) 

In the lean methodology, one of the key principles is to identify and eliminate waste. The Japanese 
word “Muda” (waste) expresses the meaning of waste and is one of the lean principles, but lean is 
much more than waste elimination. The more important issue is understanding the waste effect in the 
system under consideration. There are seven critical types of waste that have been identified and the 
concept was created in The Toyota Production System (TPS). (Liker & Ross 2017, 156.) 

The seven types of waste according to Taiichi Ohno, can be described as follows: 

Overproduction 

Producing more products that the customer or the next process needs is considered waste. Excess 
products usually trigger other six waste types.  

Inventory 

Excess inventory leads to the company overstocking and increasing storage and depreciation costs. 
The stock level exceeds the required level of the controlled pull system. 

Transportation 

Transportation can be considered as waste when materials and/or resources consist of excess move-
ment and it does not add value to the product or the customer. 

Defects 

Defects may occur during the process and can include unscheduled inspections, design flaws, rework. 
All defects can cause major delays in the process.  

Processing 

The processing procedure is not implemented correctly or there is unnecessary or incorrect processing. 
Using inadequate tools, instructions or poor design often leads to overprocessing.  

Waiting 

Production is waiting for needed parts while machinery and resources are in an idle position. 

Motion 

Motion can be defined as an excessive movement of employees or machinery and is recognized as 
waste. Excessive motion leads often to extended production times, causes defects, and injuries. (Lean 
Enterprise Institute 2022.) 
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2.8 Observation of the process (Gemba walk) 

The word “Gemba” is a Japanese term and means the “actual place”. The purpose of Gemba or 
observation of the process is that an observer or the director walks through the process in the same 
order as to how the customer’s work order flows through the process in the actual place. One of the 
key principles during the Gemba walk is to construct a big picture of the process and see how things 
happen in the real production environment. (Torkkola 2021, 125.) 

The first step before starting the Gemba walk is to consider the customer´s needs and choose the 
process to be examined. Customer needs may include e.g. better quality, a lower price, faster delivery, 
and comprehensive customer support after delivery. The primary target during the process observa-
tion is to identify the features of the process to be changed or improved in point of the customer’s 
perspective. The focus is to record the findings from the process and analyze the results afterward. 
Problems are not meant to be solved during the Gemba walk, however, analyses from the process 
functions shall be done, and the tools for problem-solving considered. (Torkkola 2021, 126.) 

2.9 Lean Six Sigma philosophy 

Lean Six Sigma is a business development strategy that focuses on continuous improvement by in-
creasing customer satisfaction (Taghizadegan 2006, 1). Lean Six Sigma forms a new practice of how 
to operate at all organizational levels without increasing resources. The main principle is to adjust, 
develop, and improve the process efficiency using new innovations, ideas, and lean management tools 
instead of increasing resources or capital. Lean Six Sigma is a primarily knowledge-based improvement 
method that focuses on dispersion decreasing in the system which leads to a deeper knowledge of 
the process. (Karjalainen & Karjalainen 2020, 120.) 

Lean Six Sigma is a combination of process improvement and management, information management, 
data-based methods, and change management. This philosophy includes a systematic improvement 
process, organizational structure, and objectives to improve the chosen process. (Karjalainen & Kar-
jalainen 2020, 50.) 

2.9.1 Six Sigma  

Six Sigma is a set of data-driven philosophies for process improvement that can be measured and 
analyzed using various methods (Taghizadegan 2006, 1). Six Sigma tools and techniques include the 
following methods: 

• Statistical Process Control (SPC) 
• Stochastic control (related to probability) 
• Data analysis 
• Optimization methods 
• Analysis of variance 
• Lean manufacturing 
• Statistical methods 
• On-time performance (packing, shipping) 
• Waste elimination 
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Six Sigma process improvement and its problem-solving tools include a lot of statistical, data, and 
mathematical methods to measure and improve the process. However, only 40 percent of problems 
can be solved based on rough mathematical and statistical data, and 60 percent are solved using 
innovative and imaginary problem-solving methods. (Karjalainen & Karjalainen 2002, 31.) 

2.9.2 DMAIC – Improvement process 

In Lean Six Sigma, development projects are implemented using a DMAIC problem-solving process. 
DMAIC is an abbreviation of Define, Measure, Analyze, Improvement, and Control. In each phase of 
the DMAIC improvement process, various statistical, quality, statistical analyses, and lean tools are 
used to improve the process. This collection of tools forms a consistent filter of the process that can 
reveal the bottlenecks and the root cause structure of the process. (Karjalainen & Karjalainen 2020, 
216-217.) 

Six Sigma and DMAIC methodology is also defined in ISO 13053-1:2011 standard; Quantitative meth-
ods in process improvement – Six Sigma – Part 1: DMAIC Methodology (International Organization 
for Standardization, 2022). 

Table 2 shows the needed actions and preparations to be done on each phase of the DMAIC problem-
solving process. The timing and use of proper tools performing these tasks are important in each 
DMAIC phase, and the problems in the current phase shall be solved before the next phase. (Cudney 
& Kestle 2018, 8.) Lean Six Sigma tools are highlighted as yellow and other supportive methods are 
underlined.  

Table 2. Lean Six Sigma DMAIC process and tools (Cudney & Kestle 2011, 8) 

Define Measure Analyze Improve Control 

- Project Charter 
- Subcontrac-

tor/Stakehol-
der Analysis 

- SIPOC Dia-
gram (Suppli-
ers-Inputs-Pro-
cess-Outputs-
Customers) 

- Responsibilities 
Matrix 

- CTS Tree (Crit-
ical to Satisfac-
tion 

- Project Plan 
 

- Process Map 
- Data Collec-

tion 
- Pareto Dia-

gram 
- Histogram 
- Scatter Dia-

gram 
- Benchmarking 
- Process Capa-

bility 
- Cost of Quality 
- Current State 

Map 

- Test for Nor-
mality 

- Cause & Effect 
Diagram 

- Failure Modes 
and Effects 
Analysis 
(FMEA) 

- 5 Whys 
- Correlation 

Analysis 
- Regression 

Analysis 
- 7 Wastes 
- Kaizen 
- 5S 

- Action Plan 
- Cost and bene-

fits Analysis 
- Quality Function 

Deployment 
- Future State 

Map 
- Main Effects 
- Scorecards and 

Dashboards 
- Design of Ex-

periments 

- Control Plan 
- Standard 

Work 
- Mistake 

Proofing 
- Training Plan 
- FMEA 
- Process Capa-

bility 
- Statistical 

Process Con-
trol (SPC) 

- Standard Op-
erating Proce-
dures (SOPs) 

- Lessons 
Learned 
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3 RESEARCH AND DATA GATHERING 

In this chapter, all research methods and data-gathering functions are reviewed. These methods con-
sist of the case project study of subcontractor´s manufacturing development project, supplier audit, 
SIPOC diagram of the subcontractor order-to-delivery process, VSM of subcontractor´s order-to-de-
livery process, joint development meetings, subcontractor’s representative’s interviews, and Gemba 
walk at subcontractor´s premises at Tallinn, Estonia. 

This chapter includes the research results, analyses, and comments that support the purpose of this 
final thesis. However, some parts discussed in this chapter have not been considered in chapter 4 
since the possible effect on the outcome has been considered minimal according to the author. 

3.1 Case study 

The data and all relevant information supporting this final thesis outcome are based on the subcon-
tractor´s manufacturing development project data. The data and all other information were gathered 
during the workshop meetings and during the student project. The author has been a team member 
of the project organization from the beginning. All necessary data and information shall be used con-
sidering the scope of this final thesis. The current state VSM of the subcontractor manufacturing 
development project´s order-to-delivery process was used as the main data source.  

3.2 Supplier Audit 

A supplier audit was conducted at subcontractors´ premises in Tallinn, Estonia on 5-6.10.2021. The 
supplier audit results were used as source material for this final thesis. Gathered data were useful for 
the deeper analysis of subcontractors´ material management process. Based on the supplier audit 
report, the findings regarding the material management process or related functions are introduced 
below. 

Figure 6 shows the opportunities for improvement are shown regarding the identification of the ma-
terials and indicate the areas that need improvement. The findings are related to product/material 
identification, traceability, and incoming procedures. In general, all improvement areas refer to the 
material management process. 

 

Figure 6. Supplier audit – Identification (Vilhunen Niko, 2022 CC BY-SA) 
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Figure 7 indicates that there are no major or minor non-conformances, however, all indications refer 
to opportunities for further investigation of the material management process. 

 

Figure 7. Supplier audit – Inspections (Vilhunen Niko, 2022 CC BY-SA)  

3.3 SIPOC diagram of the order-to-delivery process 

SIPOC diagram of the subcontractor order-to-delivery process was prepared in workshop meeting with 
NewIcon Oy representatives and the Savonia UAS VSM team. This SIPOC diagram was prepared using 
the methods that were introduced in the theory section chapter 2.2.1 - Creating SIPOC diagram.  

In this final thesis, it is focused on the material management process which is shown inside of the red 
rectangle area in figure 8. 
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Figure 8. SIPOC Diagram of order-to-delivery (Niko Vilhunen, 2022 CC BY-SA) 

As shown in the SIPOC diagram the subcontractor has external and internal suppliers for items and 
components. Inputs to the process are material reception and, in the material management process, 
the materials are received, and the quality inspection is performed. The outputs from this process are 
approved materials that continue in production. This phase is a component critical to the assembly 
process. Material management process outputs must comply with the expected and ordered items 
that equal correct inputs to the assembly process. 
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For further investigation of the material management process, a new SIPOC diagram of the sub-
processes needs to be prepared. Using this method, more detailed data were collected for further 
analyses. Detailed data were used to trace the possible root causes of occurring defects in the process. 

3.4 Value Stream Map – Subcontractor´s order-to-delivery process 

The current state Value Stream Map was prepared in a workshop meeting together with all mandatory 
stakeholders. The data for the Value Stream Mapping workshop was collected from the previous 
workshop where the SIPOC diagram was prepared. In this workshop, Value Stream Map was prepared 
using step by step method starting from the production planning phase and ending in the material 
management (packing, loading, and shipping) phase. 

Figure 9 shows the current state VSM of subcontractors´ order-to-delivery process. The focus is on 
the material management phase which is inside the red rectangle. 

 

Figure 9. Current state VSM (Vilhunen Niko, 2022 CC BY-SA) 

As the current state VSM shows, the material management process phase is the 4th process in the 
order-to-delivery process. The first major finding was the 100 days of NVA time between the produc-
tion planning and material management processes. This gap indicates the possible delivery problems 
of needed components. Since the current global challenges of supply chain management, lack of 
resources, and lack of raw material of specific components will affect the whole order-to-delivery 
chain. These aspects have a major influence on all NewIcon´s delivery projects. Process improvement 
and the development of new tools and procedures to reduce lead time are critical tasks for the pro-
cesses. Applying lean principles e.g. Just-In-Time could be challenging since the excess inventory of 
components is considered waste. 

Subcontractor lead time in the material management process was 800 minutes (13,33 hours) and 
indicated the value-added time for 5 persons. This indicates a satisfactory level of performance re-
garding the process. The number of resources exceeds the level of the needed capacity, and the cost-
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effectivity level needs to be improved. The data regarding this matter shall be introduced in subchapter 
3.5 – Material management process comparison – Manufacturer vs. subcontractor. 

There was also a delay in the material management process outputs. There was a 1-day NVA time 
between the material management and assembly processes that indicated a possible defect(s) in the 
process output. This indicated deviation in the process flow since both processes functioned in the 
same area. One of the possible reasons for this defect is the lack of communication between available 
resources and stakeholders.  

3.5 Material management process comparison – Manufacturer vs. subcontractor 

Data for material management process comparison was collected from the workshop meetings in 
cooperation with stakeholders. In this subchapter, the studied process is compared between the 
NewIcon Oy and the subcontractor material management process regarding the same product. 

Figure 10 shows a clear indication of the difference between NewIcon Oy and the subcontractor 
although the process and the product are identical. NewIcon´s material management process lead 
time (VA) is 450 mins (7,5 hours) and subcontractors´ lead time (VA) is 800 minutes (13,33 hours). 
The difference between parties is 350 minutes (5,83 hours). There was also a 1-day (NVA) difference 
in process outputs. 

 

Figure 10. The material management process comparison (Vilhunen Niko, 2022 CC BY-SA) 

Part of the VA time analyses and feedback from the initial results of the current state VSM based on 
the e-mail discussion with the subcontractors’ Quality Manager. According to subcontractors QM, the 
lack of knowledge regarding NewIcon´s own material management process is the major reason for 
the difference in VA times. Also, labeling each component is a time-consuming process since all com-
ponents are added to the ERP system separately. (Quality Manager, 2021.) 
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Based on the resource data between NewIcon Oy and the subcontractor, findings were critical. Alt-
hough the main steps of the processes were the same, the variation in the resource figures was 
alarming. The comparison of the processes of VA times and resources can be seen in figure 11. 

 

Figure 11. Resources per processes comparison (Vilhunen Niko, 2022 CC BY-SA) 

The comparison data shows that NewIcon Oy needs 1 person to perform the material management 
process, and the subcontractor needs 5 persons for the same operation. The comparison data is based 
on the same product and project scope. The cost impact can be critical if the subcontractor needs 
four times more resources in the same process and perform similar tasks during the operation. This 
data indicates that NewIcon Oy can add and create value for the process with just one person. Ac-
cording to chapter 2.3 of lean philosophy, NewIcon Oy can establish to create more value with fewer 
resources and less waste. The subcontractor´s process must be improved and carried out with fewer 
resources by applying lean tools in their process. 

3.6 Joint development meeting 

The joint development meeting’s purpose was to launch a workshop to collect data and define the 
current state of the material management process flow. In addition to the author, participants in this 
workshop were the subcontractor Key Account Manager (KAM), and Quality Manager (QM). The other 
important topic in this workshop meeting was setting the preliminary guidelines for Incoming Quality 
Control (IQC) procedure. Developing a functional IQC procedure was a high-priority task for NewIcon 
Oy, since the data is not available from subcontractors' components and material suppliers. 

The current state material handling process flow was defined during this workshop. This process flow 
chart was made from the subcontractor’s point of view representing the current state of process flow. 
The process map of the current state material handling process is shown in figure 12. 
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Figure 12. The subcontractor material handling process (Vilhunen Niko, 2022 CC BY-SA) 

The subcontractor material handling process description was a success regarding the findings in the 
process. There were various steps in the process that need lean methods and tools to be applied e.g. 
5S, waste elimination, Standard Operating Procedures (SOPs), and continuous improvement. There 
was also a lack of instructions for the incoming quality control (IQC) procedure. Using the right pro-
cedures and applying lean tools to steps 3, 4, 5, 6, and 7, the process can be improved and most of 
the waste eliminated. 

The other topic was to set preliminary guidelines for the incoming quality control procedure. After a 
discussion regarding quality control, the workshop team made a preliminary list of major inspection 
items. The general idea was to keep the incoming quality inspection procedure efficient, reliable, and 
able to perform with existing resources. IQC procedure and quality training was also discussed during 
the workshop. The purpose of creating the IQC checklist was to keep it simple and clear, and only a 
few inspection steps were included in the workshop sketch version. 

During the workshop, the team made a five (5) step preliminary IQC Checklist as follows: 

Preliminary IQC – Checklist 

1. The overall condition of items (date, quantity, packaging) 
2. Document check (purchase order, cargo manifest) 
3. Labeling (must be based on ERP data) 
4. Project shelf (sorted and approved items) 
5. Inform assembly team (clear communication between stakeholders) 
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3.7 Interviews 

Interviews were conducted in February 2022 through face-to-face meetings during the author´s visit 
to subcontractors' premises in Tallinn, Estonia. The purpose of these interviews was to achieve qual-
itative data regarding the material management process for further analyses and conclusions. These 
interviews were conducted during a workshop meeting. 

The following questions were prepared: 

- How long does it take to complete the material receiving process? 
- Who is responsible for deviation reporting regarding material defects? 
- How is the communication carried out between the two factories? 
- Who is responsible for material labeling? 
- What information is given to the next process and to whom? 
- Describe the current incoming inspection procedure? 

To receive some preliminary data for the development of generic tools to improve subcontractor´s 
material management process, interviews were carried out with stakeholders in the process of material 
handling. The preliminary process flow of subcontractors´ material handling process was prepared 
before the interviews. The interviewed persons were the subcontractor´s Quality Manager (QM), and 
Key Account Manager, (KAM) who also acts as a Project Manager (PM) in operations between NewIcon 
Oy and the subcontractor. 

Here below is a summary of the persons interviewed, more detailed information about the interviews 
falls under a non-disclosure agreement between stakeholders. However, the effect of this matter is 
considered non-critical regarding the outcome of this final thesis. 

Quality Manager 

The subcontractor´s Quality Manager (QM) is responsible for all quality-related issues regarding daily 
operations and coordinates the deviation reporting system. 

According to QM, warehouse workers are responsible for receiving goods on-site and perform the 
labeling of the incoming goods. The communication between two factories is carried out by phone, 
Teams, or email. Warehouse workers inform when the incoming goods delivery arrives at the factory, 
and when the quality inspection can be performed. Quality inspections are done by the quality team 
member since there is no qualified staff at the factory where NewIcon´s products are manufactured. 
The current quality inspection procedure includes visual inspection and item quantity checks. Further 
inspections are made, if necessary, usually when defects occur. (Quality Manager, 2022.) 

Key Account Manager / Project Manager 

The subcontractor Key Account Manager (KAM) / Project Manager (PM) is responsible for project 
delivery and collaboration with NewIcon Oy. KAM/PM coordinates daily operations regarding the on-
going projects and is responsible for reporting to NewIcon´s Production Manager and the Project 
Manager.  
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According to KAM, the material management process takes some time when goods arrive in the fac-
tory. Warehouse workers are instructed to inform the project management regarding the shipment 
arrival. Once a day PM goes to the factory and checks the daily operations and manufacturing process 
flow. The project management office is located on subcontractors´ premises 10-15 kilometers away 
from NewIcon´s production line and the warehouse. Deviation reporting procedures belong to quality 
team responsibilities. When defects occur, warehouse workers will inform the quality team to launch 
the reclamation process. The next process, in this case, the assembly phase will begin when all needed 
parts have arrived. Quality inspection includes visual inspection, quantity check of items, and the 
overall condition of the goods. (Key Account Manager, 2022.) 

Author comments 

KAM/PM is overworked when resourcing and organizing employees during the delivery project. Com-
munication between the two factory sites was at a good level, but misleading information can lead to 
production interruption. There was a lot of excess movement of employees between two factory sites 
depending on the roles and responsibilities. Some employees are located only in the factory where 
NewIcon´s products are assembled, but they are not qualified to receive materials nor perform quality 
inspections. This kind of arrangement increases employee movement, waiting time, and processing, 
and can cause defects, in other words, increase the waste in the process. 

The QM was aware of the lack of communication problems between two factory sites. However, QM 
did not have any proper solution for the procedure. All qualified employees who can perform quality 
inspections are allocated to the main factory where the project management office is located.    

3.8 Process observation – Gemba walk 

Gemba walk was conducted at the subcontractor’s factory where NewIcon´s products are manufac-
tured, assembled, and tested. The purpose of the Gemba walk was to gather on-site data on the 
material management process and walk through the functions. Another important topic was to analyze 
and screen the production environment from a “lean” perspective and study if there were any lean 
principles implemented.  

The factory area was clean and relatively well organized and the overall first impression was good. 
There were no signs of implemented 5S procedures although the layout planning was well prepared 
for the material handling functions. The rotation of the floor plan was clear, but there was a lack of 
knowledge in the implementation of correct procedures. According to the author, the procedure shall 
be generated to improve the material management process at the factory site in question.  
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4 RESULTS AND DISCUSSION 

In this section, the main purpose is to introduce the results and the outcome of this final thesis. The 
generic tools developed and are introduced during this final thesis project. The results and the rec-
ommendations of the outcome of this final thesis are based on the theory section, research, analyzed 
data from the case project, joint development meetings, interviews, and Gemba walk. 

All lean tools mentioned in the theory, research, and data gathering sections have been considered 
when developing the process improvement tools introduced in the following subchapters. 

4.1 Material management process flow chart – Future state 

Based on the data, research, interviews, and Gemba walk on-site, the process flow chart of the ma-
terial management process was prepared. There were a lot of improvement areas but the most sig-
nificant was the removal of excess process steps and adding the tools and instructions part in the 
process flow chart. The tools and instructions part of the process chart below section will guide the 
personnel to follow the correct instructions and procedures provided by NewIcon Oy. 

Figure 13 shows the future state of the material management process as a flow chart. In this process 
flow chart, improvements have been added in comparison to subcontractor´s current state material 
handling process. Waste has been eliminated and communication flow between the parties was im-
proved. 

 

Figure 13. Material Management Process - Process flow chart (Vilhunen Niko, 2022 CC BY-SA) 
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4.2 Standard Operating Procedure (SOP) – Incoming Quality Control (IQC) for subcontractor´s operations 

Standard Operating Procedure (SOP) – Incoming Quality Control (IQC) for subcontractor´s operations 
was prepared by the author during the final thesis project. It has been agreed with NewIcon Oy that 
the prepared SOP falls under a non-disclosure agreement and will not be published entirely. However, 
some sections e.g., appendixes in the SOP, are published in this final thesis e.g. Incoming Goods 
Quality Inspection - Checklist and sample inspections table(s) and instructions.  

The contents, general parts, and complied standards of SOP will be reviewed here below. The struc-
ture and the contents of the SOP are described below.  

- Introduction 
- Guidelines 
- Purpose 
- Material management 
- Layout plan recommendation 
- Process flow 
- External references 
- Internal references 

SOP – Incoming Quality Control for subcontractor´s operations was created and is based on the 
gathered data from the case project and supports this final thesis project. SOP complies with standards 
ISO-9001:2015 Quality Management Systems and ISO-2859-1:1999 Sampling procedures for inspec-
tion attributes – Part 1: Sampling schemes indexed by acceptance quality limit (AQL) for lot-by-lot 
inspection. Incoming goods quality inspection – checklist can be found in APPENDIX 1. Incoming 
goods sampling inspection – checklist can be found in APPENDIX 2. Acceptance quality limit (AQL) 
table(s) can be found in APPENDIX 3. Sampling and acceptance limits table(s) can be found in AP-
PENDIX 4.  

4.3 SIPOC diagram of the material management process – Future state 

SIPOC diagram of the material management process was prepared by the author and is based on the 
research results and process observations during the final thesis project. This procedure supports the 
final thesis result and will provide a more reliable comparison of the current state and future state 
processes since the material management process is divided into a small sub-process. The used data 
are based on the author´s on-site visit to the subcontractor´s premises and the supporting information 
was collected from the theory, research, and data gathering sections. 

Figure 14 shows the phases of the whole material management process and is created step by step 
through the process starting from suppliers and ending with customers. 
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Figure 14. SIPOC of subcontractor material management process (Vilhunen Niko 2022, CC BY-SA) 

4.4 Value Stream Map of the material management process – Future state 

The optimal target mode of the subcontractor´s material management process shall lead to 74% of 
the value-added time. This can be carried out by following the precise instructions found in SOP – 
Incoming Quality Control for subcontractor´s operations (see chapter 4.1) and applying the lean tools 
in the process and following the training program of process development that is out of the scope of 
this final thesis.  

The future state process of the material management process is shown in figure 15. 
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Figure 15. The material management process - Target mode (Vilhunen Niko, 2022 CC-BY-SA) 

4.5 Results and further actions 

The actual results and the outcome of this final thesis project can be further developed and analyzed 
after implementing the material management future state process flow chart (see figure 14) and using 
the Future State–Value Stream Map (see figure 16) a reference. The procedures are introduced in 
chapter 4.1. SOP – Incoming Quality Control for subcontractors´ operations. Implementation of these 
procedures and instructions needs to be done by applying lean thinking in daily operations and fol-
lowing the P-D-S-A cycle and continuous improvement principles. 
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5 CONCLUSION 

Before this final thesis project was started the author already had many improvement ideas and a 
preliminary implementation plan for the whole project. The case project was researched, and more 
data was gathered during a visit to the subcontractor´s premises. However, the results of this final 
thesis project exceeded the target level set by the author. The outcome was excellent, including the 
usage of various process improvement and mapping tools, and lean six sigma tools to improve the 
subcontractor´s material management process.  

The usage of these mentioned tools was studied in the final thesis, theory section, data was gathered 
in the research section supporting the theory section, and finally, the implementation of these tools 
was successfully done resulting in substantial improvement in subcontractor´s material management 
process. SOP – Incoming Quality Control for subcontractors´ operations was created and can be 
improved when the material management process is continuously monitored in future actions. 

Reliability and ethics have been proven in various ways based on the outcome of this final thesis 
project. This final thesis project was a successful combination of theory, research, qualitative methods, 
and outcome results. However, the actual reliability and ethics can be measured when the subcon-
tractors' material management process is monitored for the first time after the implementation of all 
generated tools. The theory and the research section of this final thesis have been proven reliable 
based on the outcome results. 

This final thesis project was a substantial learning process for the author. There were a lot of new 
insights from the lean six sigma tools and a substantial part of the learning process came from the 
on-site visit to the subcontractors' premises. In the future, the planning of the whole project could be 
done more specifically resulting in cost and time savings. 
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APPENDIX 1: INCOMING GOODS QUALITY INSPECTION – CHECKLIST 
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APPENDIX 2: INCOMING GOODS SAMPLING INSPECTION – CHECKLIST 
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APPENDIX 3: ACCEPTANCE QUALITY LIMIT (AQL) – TABLES(S) 

 

 

 

 

Prepared: Niko Vilhunen 29.3.2022

Intended for Supplier Material Management Process Compliance

APPENDIX C - ACCEPTANCE QUALITY LIMIT (AQL) - TABLE(S)

I II (Normal) III S-1 S-2 S-3 S-4
2 to 8 A A B A A A A
9 to 15 A B C A A A A
16 to 25 B C D A A B B
26 to 50 C D E A B B C
51 to 90 C E F B B C C
91 to 150 D F G B B C D

151 to 280 E G H B C D E
281 to 500 F H J B C D E
501 to 1200 G J K C C E F
1201 to 3200 H K L C D E G
3201 to 10000 J L M C D F G

10001 to 35000 K M N C D F H
35001 to 150000 L N P D E G J
150001 to 500000 M P Q D E G J
500001 to and over N Q R D E H K

General inspection levelsLot size (Quantity of 
ordered products)

BASED ON ISO-2859-1:1999 - Sampling procedures for inspection by attributes
Sample Size Code LettersTABLE I 

Special Inspection Levels
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APPENDIX 4: SAMPLING AND ACCEPTANCE LIMITS TABLES(S) 

 

 

 

 

Prepared: Niko Vilhunen 29.3.2022

Intended for Supplier Material Management Process Compliance

APPENDIX D - SAMPLING & ACCEPTANCE LIMITS TABLE(S)

# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #

A 2 0 1 1 2

B 3 0 1 1 2 2 3

C 5 0 1 1 2 2 3 3 4

D 8 0 1 1 2 2 3 3 4 5 6

E 13 0 1 1 2 2 3 3 4 5 6 7 8

F 20 0 1 1 2 2 3 3 4 5 6 7 8 10 11

G 32 0 1 1 2 2 3 3 4 5 6 7 8 10 11 14 15

H 50 0 1 1 2 2 3 3 4 5 6 7 8 10 11 14 15 21 22

J 80 0 1 1 2 2 3 3 4 5 6 7 8 10 11 14 15 21 22

K 125 0 1 1 2 2 3 3 4 5 6 7 8 10 11 14 15 21 22

L 200 0 1 1 2 2 3 3 4 5 6 7 8 10 11 14 15 21 22

M 315 0 1 1 2 2 3 3 4 5 6 7 8 10 11 14 15 21 22

N 500 0 1 1 2 2 3 3 4 5 6 7 8 10 11 14 15 21 22

P 800 0 1 1 2 2 3 3 4 5 6 7 8 10 11 14 15 21 22

Q 1250 1 2 2 3 3 4 5 6 7 8 10 11 14 15 21 22

R 2000 1 2 2 3 3 4 5 6 7 8 10 11 14 15 21 22
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Acceptance Quality Limits (AQL) in %

0,015 0,040,025 2515106,54,02,51,510,65


