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Tama diplomityd on esiselvitys pinnoitushitsauslaiteinvestointiin. Tutkimus tehtiin
suomalaiselle teollisuuden venttiili- ja virtausratkaisuja valmistavalle yhtiélle osana
plasmapinnoituslaitteen korvausinvestointiprojektia. Kirjallisuuskatsauksen tietokantoina
kaytettiin LUT Primoa, Google Scholaria, Knovelia, yhtion omaa dataa tuotteista ja
pinnoituksista seka kaupallisia lahteita.

Yhtion tehtaassa, jota tdma investointi koskee, kéytdssa oleva plasmapinnoitushitsauskone
on elinkaarensa loppupuolella ja on alkanut osoittaa hajoamisen merkkeja. Pinnoitushitsaus
on suhteellisen harvinainen prosessi ja laitteisto on kallista, joten pinnoitettaville tuotteille
ei 16ydy alihankkijaa Suomesta. Tdma aiheuttaa ison riskin tuotannon pysahtymiselle ja siten
taloudellisille tappioille.

Pinnoitushitsausta voidaan tehda kahdella tavalla; plasmahitsauksella ja laserhitsauksella.
Tutkimuksessa selvitettiin aluksi, kumpi tapa on parempi kyseisin yhtion tarpeisiin.
Prosessin valinta perustui kirjallisuuskatsauksessa esitettyihin faktoihin ja yhtion omaan
kokemukseen eri prosesseista ja laitteistoista. Plasmahitsausprosessin valinnan jéalkeen
vertailtiin kahden eri toimittajan tarjouksia plasmapinnoitushitsauslaitteistosta niin hinnan
kuin laadun osalta. Tarjousten laatua arvioitiin toimittajien tarjousten ja toimittajista
aiemmin saadun kokemuksen perusteella. Itse investointi perusteltiin tekemalld
investointilaskenta kayttden nettonykyarvon ja takaisinmaksuajan menetelmié erilaisissa
skenaarioissa. Lopputuloksena tutkimuksessa pystyttiin perustelemaan investoinnin
kannattavuus ja loydettiin sopiva toimittaja plasmapinnoitushitauslaitteistolle.
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This master’s thesis is a preliminary study for coating machine investment. The study was
conducted for a Finnish industrial valve and flow control solutions manufacturing company
as part of a replacement investment project for a plasma coating machine. LUT Primo,
Google Scholar, Knovel, the case company's own data on products and coatings, and
commercial sources were used as databases for the literature review.

The plasma coating machine in use at the case company's factory, is at the end of its life
cycle and has started to show signs of degradation. Plasma coating is a special process, and
the coating equipment is relatively expensive, so there is no subcontractor in Finland for the
coated products. This causes a big risk of production stoppage and thus financial losses.

Welded coatings can be done practically in two ways, plasma welding and laser welding.
The research initially found out which method is better for the company's needs. The
selection of the process was based on the facts presented in the literature review and the
company's own experience with different processes and equipment. After choosing the
plasma welding process, the offers of two different suppliers for plasma coating equipment
were compared in terms of both price and quality. The quality of the offers was evaluated
based on the suppliers' offers and company’s previous experience with the suppliers. The
investment itself was justified by making an investment calculation using the net present
value (NPV) and payback period methods in various scenarios. As a final result, the study
was able to justify the profitability of the investment and found a suitable supplier for the
plasma coating equipment.
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1 INTRODUCTION

Industrial valve manufacturing is competitive industry like any other manufacturing
industry. For this reason, manufacturers and suppliers are constantly trying to make better
quality solutions for customers to ensure better profits and market share. In valve
manufacturing supply chains and lead times are typically long, which means that
optimization of the manufacturing process is very important. Industrial valves are also used
in various conditions like high and low ambient temperatures, corrosive environment, etc.
which means research and development (R&D) is needed specially in material and
manufacturing point of view.

This study focuses on investment of coating machine in case company plant in Finland. The
case company presented in this study has an ambition to continually improve On-Time-
Delivery (OTD) and customer satisfaction. The need for this investment is relevant due to
problems of bottlenecking and increased breakdowns with current machine in production

line. This thesis studies implementation of the investment, its benefits, and its risks.

1.1 Presentation of the organization and products

The case company is one of biggest companies in Finland and it is leading developer and
supplier of process technologies, automation and services for pulp and energy industries and
has also business lines in automation and flow control solutions to serve even wider range
of customers. (Case Company’s SharePoint, 2022).

The company has over 220 years of industrial history and strong track record in improvement
and renewal. With over 17 000 professionals, the company is operating around the world,
mainly in North America, South America, Europe, the Middle East, and Africa (EMEA),
China and Asia Pacific. (Case Company’s SharePoint, 2022.).

In this thesis is only focused on the Flow Control Business line which is 13% share of the
whole company. The Flow Control business line is world leading provider of mission-critical
flow control solutions and services for oil, gas, pulp, and paper process industries. The Flow
Control Business employs about 2700 people in approximately 40 countries working in three
main business types: Projects, Maintenance, Repair and Operations (MRO) and Service.

Projects comprise approximately 20% of the business line’s net sales, which is relatively



low, but important since it lays down the foundation for main businesses of MRO and
service. (Case Company’s SharePoint, 2022.).

The products that Flow Control provides are mainly manufactured plants in Finland, China,
USA, Germany, and Korea. Products are mainly industrial valves, positioners, and actuators.
Products are made based on three different production strategies: Assemble-To-Order
(ATO), Make-To-Stock (MTS), and Engineer-To-Order (ETO). (Case Company’s
SharePoint, 2022.).

The ETO approach is used in Project business, with all products being engineered, procured,
and manufactured based on specific requirements given by the customer. Logically, MRO
and service use mainly ATO and MTS products in in their business models.

1.2 Background of the research

The machine investment presented in this thesis is made for case company’s plant in Finland,
which operates under Flow Control Business line. The machine in this case is used for
coating valve seats and valve plugs with cobalt-based alloys. Currently, the case company
has two methods to coat products with cobalt-based alloys: Plasma Transferred Arc (PTA)
welding method and laser cladding. The main purpose of the investment is to find
replacement to current PTA welding machine. The current machine is planned to be left as
a backup machine to ensure security of the supply in case of over demand and/or breakdown
of the main machine.

Current situation is that the case company has only one PTA welding machine in its
Finland’s factory. There is another machine in China’s factory, but that machine alone is not
enough especially when products manufactured in Finland are mainly large in size and
products manufactured in China are small. And due the classified information of the
materials and methods used in PTA coating and high cost of the machinery there are no
subcontractors which could be used in case of unexpected downtime. The current machine
is old and starting to be at the end of its operating lifecycle. Recently, the machine has
suffered more and more breakdowns and has required a lot of extra maintenance. Also, the
control unit of the machine is so old that there might not be any spare parts readily available
to it, which could lead to months of downtime for the machine.

Second main problem is the manufacturing capacity of the machine and its “bottleneck” role
in the seat manufacturing process. Basic valve seat manufacturing process is presented in

figure 1.
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Figure 1. Basic valve seat manufacturing process.

In this case, rough machining and final machining can be done with alternative machines if
commonly used machine breaks down, but the coating can only be done with one machine.
This creates the bottleneck effect in the manufacturing chain where final machining and
grinding stations are standing by waiting for products and coating machine is in overload.
This increases lead-time and backlog which leads to increased delivery times which again
leads to dissatisfaction of the customers. In worst case scenario, in the breakdown of the
machine the whole manufacturing chain clogs and not a single order goes through. One more
important reason for this investment is that the case company has product catalog up to 48”
in diameter and current machine is only capable to manufacture products up to 36”. Even if
orders for 48” PTA-coated valves are highly unlikely, it’s important to be able to

manufacture them if needed.

1.3 Project execution

This master’s thesis is a part of an investment project of coating machine investment. It’s
executed by making offer requests for different machine suppliers, combining offers
together, analyzing them and comparing them against each other. The criterion for the
selection is based on literature review of the coating processes and investment structure and
the specific information of the need provided by the case company. The analysis and the
final decision is made by using Strengths, Weaknesses, Opportunities, and Threats (SWOT)

-analysis and results from the experimental test runs.

1.4 Research objectives and questions

Key focus in this study is to understand why and what kind of coatings are used in industrial
valves and how coatings are applied to products. Coating methods as well as investment
calculation methods presented in literature were limited only to expedient methods in this
kind of application/investment even though there are other possible coating/calculation
methods. Main goal is to find reasonable replacement for current PTA coating machine and

justify selection based on technical specifications, investment calculations and added value
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that the new machine brings. The literature review provides basic knowledge of the subject

and backs up the decisions made in results part of the thesis. With these goals stated, this

thesis’s research questions are:

Why is this kind of an investment made?
Which kind of coating machine unit is the most suitable for the products in question?
How the new coating machine affects products lead-times and security of supply?

How the machine investment adds value to the range of product?
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2 LITERATURE REVIEW

This part of the thesis contains information about different coatings and why to add them to
different products, wear mechanics, investment structure and supply chain in valve seat
manufacturing. References in this part are gathered from case company’s internal data,
scientific articles, and books but also from commercial sources about material information.
This thesis is about investment of the coating machine used for Cobalt-based alloy coatings,

so the focus is on the PTA- and laser coating part and other types are only presented shortly.

2.1 Overview of industrial valves

Valve’s main purpose is to control flow in pipe system. However, as pipe system
applications became more specific and complicated, different valve types were needed to
meet different requirements. Nowadays, five main industrial valve types are used in
industrial applications: gate valves, globe valves, butterfly valves, ball valves and check
valves. (Plant Automation Technology, 2022.). These valve types are presented shortly in
chapters 2.1.1 to 2.1.5.

2.1.1 Gate valve
Gate valves are designed to start or stop the flow in the pipe by lifting gate out of the fluid
path. They are typically used in high temperature and pressure conditions. Due to the gate
valve’s sealing mechanism, it can be used in both ways in the circuit, and it provides laminar
flow with low pressure loss. Main disadvantages of the gate valve are that they cause
vibrations and cannot be opened or closed quickly. (Plant Automation Technology, 2022.).

Gate valve and its function is presented in figure 2.
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Figure 2. Gate valve (HardHat Engineer, 2022).

2.1.2 Globe valve
Globe valve is the most popular type of valve, and it is used in various applications. Globe
valve’s function is similar comparing to gate valve since they both use linear motion to
control flow. Main difference comparing to gate valve is that globe valve can regulate the
flow rate in the system. Other advantages for globe valve is its full-closing characteristics
(minimal leakage), short opening and closing time and their positive shut-off capability. As
a disadvantage, globe valves have higher pressure loss, and they require large amount of
force or actuator with high torque to close in high pressure situations. (Plant Automation

Technology, 2022.). Globe valve and its function is presented in figure 3.

CLOSED RESTRICTED OPEN
(stem down) (stem mid-way) (stem up)

Figure 3. Globe valve (Assured Automation, 2022).
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2.1.3 Butterfly valve
Butterfly valves (or flange valves) regulate flow with rotating disc 90° inside the pipe. These
valves have restricted control capability, but they are very accurate and require very little
maintenance. Main disadvantages of butterfly valves are that they have no tight shut offs,
and they restrict the flow even when fully opened, because some portion of the flange is
always present in the flow. (Plant Automation Technology, 2022.). Butterfly valve and its

function is presented in figure 4.

HANDLE OR ACTUATOR

Closed

Figure 4. Butterfly valve (The Process Piping, 2022).

2.1.4 Ball valve
Ball valve controls the flow by rotating ball with hole 90° in the pipe. The flow can be
regulated by keeping the hole fully open, blocked or partially open. Comparing to butterfly
valve, in fully open situation, ball valve doesn’t restrict the flow at all. Ball valves are
versatile in high pressure and relatively high temperature applications supporting pressures
up to 700 bars and temperatures up to 200°C. Ball valve’s biggest advantages are its low
maintenance requirements, their great leak resistance, and their capability to open and close
quickly. Biggest disadvantages are that they are not suitable for permanent throttling and
when used in residual fluids, the particles in the fluid collide with the surfaces and stick to
them. This may cause leakage, abrasion, and other problems. (Plant Automation

Technology, 2022.). Ball valve and its function is presented in figure 5.
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Figure 5. Ball valve (Assured Automation, 2022).

2.1.5 Check valve
Check valve or Non-Return-Valve (NRV) is designed to allow fluid or gas to flow only in
one direction preventing back flow. They are commonly used to protect pumps or
compressors in systems where backflow could cause damage to the pump or the compressor.
Because they have a simple design, they can operate without human interaction and
automation. They simply rely on the flow velocity of the fluid to open and close. The higher
the flow rate, the more open the valve will be until it reaches its maximum, fully open
position. (Plant Automation Technology, 2022.). Check valve and its function is presented

in figure 6.

Valve seating Valve guide Valve seating Valve guide

Normal/
Direction
of flow

of flow

Di /
irection
B
\

‘ Spring

Test port Moving element Spring . - .
est po oving elemen

Figure 6. Check valve or NRV operation (HPM, 2016).
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2.2 The use of coatings and coating process methods in valve manufacturing

In industrial valve manufacturing, most common base material for valve seats is some type
of austenitic stainless steel for example AISI 316. (Case Company’s material data, 2022).
Although stainless steels generally have excellent structural properties and excellent
corrosion resistant, they also are relatively soft materials and have poor tribological
properties. (Pramanik, Basak, 2015). Because of that, almost all valve seats manufactured in
case company’s plant have some type of hard coating on the surface. Coatings reduce friction
and wear of the moving parts and minimize abrasion, erosion, and particle impact in valve
trim. Coatings are selected based of requirements for the valve such as: pressure, temperature
and chemical resistance, base material compatibility and size limitations. (Case Company’s
material data, 2022.).

There are few different main coatings used in case company’s products and they are done in
different ways such as: Electroplating, High Velocity Oxygen Fuel (HVOF), High Velocity
Air Fuel (HVAF), Spray and Fuse (S&F), Thermal Plasma Spray (TPS), laser cladding and
PTA welding. Coating materials and corresponding manufacturing methods are presented in

table 1. (Case Company’s internal data, 2022.).

Table 1. Coating materials and corresponding manufacturing methods.

Coating material Manufacturing method

Hard chromium Electroplating

Nickel-based alloy Spray and Fuse (S&F)

Tungsten carbide High velocity Oxygen Fuel (HVOF)
Chromium carbide High velocity Air Fuel (HVAF)
Oxides (Titanium, Chromium) Thermal Plasma Spraying (TPS)
Cobalt-based alloy (Stellite) Laser cladding

Cobalt-based alloy (Stellite) PTA welding

2.2.1 Electroplating
Electroplating is a coating process where metallic protective layer is applied to surface of
the product. The metallic coating is dissolved in solution in a form of salt, and it’s applied
to the surface by using external voltage source. (Kanani, 2004). In the process, workpiece is
connected in cathode (-) and plating material in anode (+). Both anode and cathode are

submerged in solution containing metallic ions and electric current is conducted through.
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The whole process is presented in figure 7. (Electroplating Process: Methods and Metals,
2018.).

Anode
M

M +e

Cathode
(')f M +e—M

M: Metal anode

M*: Metal ion

W: Workpiece (cathode)
DC: Rectifier

V: Voltmeter

"/ A Amperemeter

Figure 7. Basic electroplating process (Interplex, 2018).

Electroplating coatings can be used for many reasons such as corrosion resistance, hard
surfacing, or general appearance. Typical coating materials applied with electroplating
process are chrome, zinc, copper, and nickel. In case company’s production, most common
coating material is hard chromium (HCr) which is used to generate hard and corrosion
resistant surface to valve’s sliding surfaces such as valve ball and flange valve seats
(presented in figure 8.) Main advantages for HCr coatings are its much lower cost compared
to thermally sprayed coatings and it can be applied on very small and large components in

high volumes. (Case Company’s coating data, 2022.).

Figure 8. Chromium electroplated valve balls and flange seat rings (Case Company’s
internal data, 2022).
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2.2.2 S&F coating

In spray and fuse coating, the coating material is thermally sprayed to the surface of the part.
After that the part is heated (in the oven or with the blow torch) to fuse base material and
coating material together. Figure 9 presents valve ball in S&F coating process in its fuse
phase where the coating has already been applied, and the ball is in the oven. (Davis, 2004.).
Typically, S&F process is used for nickel-based alloy coating such as nickel boron (NiBo)
coating. NiBo coatings are used typically in medium-pressure and high-pressure steam
applications and in abrasive environments like coal gasification. (Case Company’s coating
data, 2022.).

Figure 9. Example of S&F coating manufacturing on valve ball (Case Company’s internal
data, 2022).

2.2.3 HVOF and HVAF coating

HVOF coating is a process where high-volume combustible gases are fed to the combustion
chamber with coating powder and then sprayed to the surface. The high volume of gas flow
with high temperature of combustion creates gas velocities of 1525-1825 m/s at the end of
nozzle exit and that powder-gas combination is sprayed to the surface of the part creating
the coat. In both HVOF and HVAF processes, almost any flammable fuel can be used. The
most used fuels are hydrogen, propylene, propane, acetylene and kerosine. (Davis, 2004.).

HVAF process is almost identical compared to HVOF process. Main difference is that
HVAF uses air and HVOF uses oxygen to boost combustion in combustion chamber.
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(Jacobs, Hyland & De Bonte, 1998.). Both HVOF and HVAF typically need water cooling
to prevent coating gun from melting. Process basics and HVOF gun features are presented

in figure 10.

Powder injector

Mozzle exit

Supersonic flow shock diamonds

S~ Water in

ar
‘f Combustor  (for most designs)
t

Water ou

Oxygen” N Eygl (G, Hy elc)

Figure 10. HVOF gun features (Davis, 2004).

HVOF and HVAF process is used to make carbide (cermet) coatings such as tungsten
carbide (WC-Co) and chromium carbides (CrC). These coatings are relatively easy and
cheap to make, and they provide excellent wear resistance and corrosion resistance for
sliding surfaces of the valve. In case company’s product catalog these coatings are used in
valve balls and in bellows seats. Examples of the products are presented in figure 11. (Case

Company’s coating data, 2022.).
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Figure 11. Example of HVOF coatings on valve ball and on bellows seat (Case Company’s
internal data, 2022).

2.2.4 TPS coating
In TPS, input gases are heated to plasma temperatures (over 20 000°C). Then the coating
powder suspended in carrier gas is externally applied to super-heated gas flow and sprayed
to the surface of the part. As in the plasma process generally, heat generation requires
electrical current between electrode and work piece. Typical plasma spray gun features are
presented in figure 12 and from there it can be seen how the TPS process basically works.
(Davis, 2004.).
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Figure 12. Typical plasma spray gun. (Davis, 2004).

TPS process is typically used to generate metallic oxide coatings such titanium oxide (TiO2)
and chromium oxide (Cr203). These coatings are typically used in highly corrosive
environment applications. In figure 13, valve segment is being coated with Tio2 using TPS

coating method. (Case Company’s coating data, 2022.).

Figure 13. TPS coating of a valve segment. (Case Company’s internal data, 2022)
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2.2.5 Laser coating
Laser coatings are made with laser cladding method. Essentially, laser cladding is laser
welding process where a focused laser beam melts stacked individual weld beads to substrate
material. Laser cladding is proven to be great alternative to conventional electric arc coating
due to its restricted heat input in low dilution and overall reduction of defects. (Cavaliere,
2021.).
On deeper look laser cladding is an additive manufacturing process since the coating
materials is added to the surface of another product. Typically added material is in powder
form, but wire fillers are also used. (Vilar, 1999.).
In laser cladding process, laser beam is fed through converging lens to dichroitic mirror
which changes its direction towards the focusing lens. The focusing lens concentrates laser
beam (energy) to substrate material which generates the melt pool where coating powder is
fed through powder feeding nozzle. The process is monitored with camera and pyrometer
located behind dichroitic mirror. Basic laser cladding setup chart is presented in figure 14.
(Cavaliere, 2021.).

Pyrometer with camera

Dichroitic mirror

Fiber connection

Collimated laser beam

Pyrometer beam

Converging lens

== Focus lens

> Powder nozzle

> Substrate with melt-

pool
Process zone

Figure 14. Laser cladding setup (Cavaliere, 2021).
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Laser cladding coatings can be produced in two ways; two-step or single-step process. In the
two-step process, thin layer of coating material is applied on the substrate, this can be for
example thermally sprayed coating or slurry, and subsequently melted with laser beam. In
the single-step process material is continuously fed to the melt pool created by the laser
beam. In the single-step process, powder-type filler material is typically used. (Vilar, 1999.).

Single-step laser cladding process is presented in figure 15.

Figure 15. Single-step laser cladding process (Loukas Ltd, 2020).

Main purpose for using laser cladding process is to generate coating on the surface that is as
thin as possible but still fused to the base material. Comparing laser cladding to arc-based
welding (like MIG/MAG or TIG) produced coatings, laser cladding uses way less filler
material to achieve same coating result. Heat input and its effects to substrate material are
also lower in laser cladding compared to the arc welding processes. Typically, coatings
produced with laser cladding have material thickness of 50 um — 2000 um. In case
company’s products catalog, laser cladding is used to coat valve seats and plugs with cobalt-
based alloys (stellites). Figure 16 shows valve seat with laser coating. (Case Company’s
internal data, 2022.).
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Figure 16. Laser coated valve seat with cutted sample piece (Case Company’s internal data,
2022).

Laser cladding is versatile coating method, but it as well has downsides. Biggest one of them
is the equipment. First, laser cladding equipment are very expensive compared to PTA
coating machinery and as can be seen from figure 17, equipment is huge in size which
reduces possible buyers of the equipment. Second, they also have high maintenance costs
due to the high cost of spare parts and complexity of equipment which therefore often require
service from the manufacturer. Also, due to the different absorption capabilities of different
materials for different wavelength lasers, the cladding material choice is restricted. For these
reasons Laser cladding is more commonly used in special fields and it’s not as effective in
the fields of general industrial manufacturing and maintenance. (Shanghai Duomu Industry
Co., Ltd, 2021.).
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Figure 17. Laser cladding machinery in case company’s China plant (Case Company’s
internal data, 2022).

2.2.6 PTA coating
In PTA coating process, the coating material is welded to the base material with plasma arc.
The pilot plasma arc is created by ionizing plasma gas (argon) passing through the electric
arc which is formed between non-consumable electrode and plasma nozzle located inside
the welding torch. Typically, the electrode (cathode) is made from tungsten and the nozzle
(anode) is made from copper. The secondary arc is then created between tungsten electrode
and workpiece through the ionized gas stream, and this transferred arc is constrained by
plasma nozzle generating a plasma column which has an operating temperature between
10000°C and 15000°C. Coating powder is then fed to the plasma stream at a controlled rate
from the small injection ports in the center of the nozzle. The shielding gas is delivered from
the larger outer port of the nozzle to protect the weld pool from oxidization. PTA coating

process is presented in figure 18. (Wilden et al., 2004.).
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Figure 18. PTA coating process (Wilden et al., 2004).

In PTA process, heat input is high, and the arc melts the substrate material in some level.
The molten coating powder then mixes with the molten substrate material generating a good
metallurgical bond or fusion bond between them. Achieved bond have very low porosity, if
the other process parameters, especially surface cleanliness and gas shielding are intact.
However, the heat penetration region and particularly the region where the coating material
is mixed with the substrate material can change the properties of both the substrate and the
coating. Term for this mixing region is called “dilution”. (Fauchais, Heberlein & Boulos,

2014.). After the PTA coating, the product looks as shown in figure 19 and macroscopic

cross section of the weld itself looks as shown in figure 20.
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Figure 20. Macroscopic cross section of PTA weld (Case Company’s internal data, 2022).

PTA coating has the same principle as the laser cladding; to generate coating on the surface
that is as thin as possible but still fused to the base material. The coating properties depend
on the main parameters of the PTA process. These are:

e Pilot arc current
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e Secondary arc current
e Flow rate of the plasma
e Flow rate of the shielding gas
¢ Flow rate of the powder carrier gas
e Powder feed rate
e Process velocity
(Wilden et al., 2004.).

Biggest upsides in PTA coating are the cost of equipment, flexible choice of used coating
materials, simple maintenance, and ease of use of the equipment compared to laser cladding
machinery. PTA coating machinery is also relatively small in size, as can be seen from figure
21. This makes it possible to place machines even in smaller factories. PTA coating can be
effectively used in various product sizes without compromising quality and productivity

rates. (Case Company’s internal data, 2022.).

Figure 21. PTA coating machine in case company’s factory in Vantaa. (Case Company’s
internal data, 2022).

The machinery for the PTA coating is relatively cheap, it doesn’t use any complex designs

or expensive spare parts which means maintenance doesn’t necessary require service from
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the manufacturer. Also, in PTA welding, any metallic material can be used as a filler
material. Most commonly used form of material is powder, but wires can also be used as a
filler. (Shanghai Duomu Industry Co., Ltd, 2021.).

Basically, only consumable parts in PTA coating machine are electrode inside the torch, the
torch itself, powder hopper, powder injectors and powder tubing. These parts are readily
visible and easily removable as shown in figures 22 and 23, so the maintenance is fast and

easy.

Figure 22. PTA torch, rotating table, and blank seat (Case Company’s internal data, 2022).
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Figure 23. Powder feeder supply (Case Company’s internal data, 2022).

2.3 Wear mechanics in industrial valves

Wear is a continuous damage process, which occurs on the surfaces that contact with each
other in relative movement. Tribology study is very important, because according to
statistics, a mechanical part fails mainly for three reasons: wear, fatigue, and corrosion.
Among these, wear is the largest factor with 60-80% share. (Wen, Huang, 2012.).

Wear is critical factor when designing and manufacturing industrial valves. Normally
industrial valves have a relatively long service life, so they need to have excellent wear
resistance for a long period of time. As mentioned before, base materials in industrial valves
are soft and can’t handle friction in long period of time. For this reason, coatings are applied
to products. (Case Company’s, internal data, 2022.).

Wear occurs almost exclusively on the surface of critical sealing parts (seat, ball/flange).

Typical ball valve assembly with critical sealing surfaces is presented in figure 24.
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Figure 25. Ball valve assembly with sealing surfaces (in red) (Case Company’s internal data,
2022).

Industrial valves are used to control flow in pipe system, so external particles can easily enter
between sealing surfaces. Combining this to the long service life and thousands of use cycles
of the valve, it is natural that every common wear type is present in used industrial valves.
Hard coatings and grinding to low surface roughness lowers the wear rate and even if valves

typically have long service life, they are not eternal as can be seen in figure 26.

Figure 26. Wear in valve ball and in valve seat (Case Company’s internal data, 2022).
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There are mainly four different wear types that occur in industrial valves:
e Abrasive wear
e Adhesive wear
e Fatigue wear

e Corrosive wear

2.3.1 Abrasive wear

Abrasive wear is the most common type of wear mechanism with about half of the total loss
of wear damage in productions is caused by it. Abrasive wear is caused by hard external
particles, rough peaks or hard bumps which peel off the material from the surface. Material
hardness compared to abrasive particles and load and sliding velocity are key factors in
determining the abrasive wear. There are two types of abrasive wear: two-body and three-
body wear. In two-body wear mechanism, the wear is produced only by the rough peaks or
hard bumps and occur only in the surface with less hardness. In three-body mechanism, the
wear is produced by hard abrasive particle sliding between surfaces. Typically, in three-body
mechanism, the wear affects surfaces. Two- and three-body wear mechanisms are presented
in figure 27. (Wen, Huang, 2012.).

Abrasive wear

(thrMW)

Figure 27. Abrasive wear mechanic (Tsujimoto, etc. 2017).

2.3.2 Adhesive wear
Adhesive wear occurs at the sliding contact between materials where sufficient force causes
local surface spots to be welded together and ripped apart from material which has less wear-

resistant surface (galling effect). This wear depends on different factors such as material
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properties, chemicals of presence of corrosive atmosphere or dynamics like load or sliding

velocity. This mechanism is shown in figure 28. (Aghababaei, Warner & Molinari, 2016.).

Adhesive wear

Figure 28. Adhesive wear mechanic (Tsujimoto, etc. 2017).
Between metal-metal contact with strong adhesive force, the material transfers from weak

material to strong material. This has been tested with numerous tests with variety of metal
combinations. This mechanism is shown in figure 29. (Stachowiak, Batchelor, 2013.).
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Figure 29. Material transfer between metal-metal contact (Stachowiak, Batchelor, 2013).

2.3.3 Fatigue wear

Adhesion between surfaces is small in well-lubricated contacts, yet there still can be
significant rate of wear. This type of wear is called fatigue wear and it is caused by repeated
cycles of contact between contact surfaces which causes very high local stress points to the
surface materials. (Stachowiak, Batchelor, 2013.).

When cycles are repeated often enough, material starts steadily fatigue and crack on the
surface generating fatigue wear. Fatigue wear can occur on both rolling and sliding contact
under plastic or elastic contact. (Bhushan, 2000.). This mechanism is shown in figure 30.
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Fatigue wear

Figure 30. Fatigue wear mechanism (Tsujimoto, etc. 2017).

2.3.4 Corrosive wear

Corrosive wear can occur in many different situations, both lubricated and unlubricated.
Basically, this type of wear forms due to the chemical reaction between worn material and
corroding medium, which can be reactive lubricant, chemical reagent or even air. Generally
corrosive wear is a term for combination of mechanical wear and chemical corrosive process.
Corrosive wear is nowadays more known by the term ‘tribocorrosion’. (Stachowiak,
Batchelor, 2013.).

In corrosive process, tribochemical reaction produces reaction layer on the surface. Due to
the sliding motion, this reaction layer is then removed and the surface wears. This cycle is
then repeated. Most common corrosive reaction is oxidization where surface reacts with
oxygen in the atmospheres air generating oxide layer on the surface, which is them removed

by sliding motion. (Bhushan, 2000.). This mechanism is shown in figure 31.

Corrosive wear

“ surface
corrosion

Figure 31. Corrosive wear mechanism (Tsujimoto, etc. 2017).
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2.4 Investment structure

Industrial machine investment in limited company (Ltd.) starts with the need for
improvement in the process. The improvement can be the process optimization, capacity
improvement, modernization etc. Whatever the reason is, the main objective is to generate
more revenue for the shareholders. (Finlex, 2022.). In big industrial corporations the decision
making is happening in various levels in the organization, and it can be top down or bottom
up. Typically, top-down decision making is used for realms of policy, strategic focus, or
other general guideline for corporation whereas bottom-up decision making is used in
running day to day things in lower-level teams. (Juneja, 2022.).

For these reasons all industrial investments need to go through certain bureaucratic steps to
get an approval. These steps are individual based on the structure of the company and the
price of the investment. Typically, approval is needed by middle management, board of

directors and even from CEO and/or CFO.

2.5 Investment calculations in industrial investment

As said before Ltd.’s principle is to generate revenue to shareholders, so all investments need
investment calculations, which gives forecast how and in what time the investment is
returning profits. Investment calculations can be made with many different methods such as
Net Present Value (NPV), Internal Rate of Return (IRR) or payback time method. (Pellinen,
2019.).

2.5.1 Net Present Value

NPV is the most used investment calculation method in the world. (Kumar, Gregory, 2013).
In NPV, all the profits and expenses coming from the investment are discounted to the
present using chosen interest rate. (Alhola, Lauslahti, 2002). Both profits and expenses are
mandatory to discount because cash flows in the future have different value than cash flows
in the present time. (Olafsson, 2003). According to the NPV theory, investment is profitable,
if its calculated result is positive. This means that gathered profits and possible residual value
is bigger than investment acquisition cost and other costs. (Alhola, Lauslahti, 2002.).

Basically, the investment is approved if the present value difference between profits and
costs is greater than or at least equal to zero. When result from NPV calculations is zero, are

profits and cost exactly equal. (Alhola, Lauslahti, 2002.).
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NPV is calculated with equation presented below:

o L)

NPV = —(C, + Z?ﬂm
Where:

¢o = Cost of investment

Ct = Annual net income

I = Interest rate

t = Hold time

(Olafsson 2003, s. 171.)

2.5.2 Payback time method
The Payback time method is used to determine how much time it takes a net return of
investment equal to the basic acquisition costs of the investment. In this method, investment
options are compared on the basis of the time it takes to recoup the acquisition cost of the
investment. The decisive factor is the time the money is tied up. The faster the money from

the investment is recovered, the better the investment. (Pellinen, 2019.).

In the simplest form, payback time is calculated with equation presented below:

Payback time = % (2)

t

Where:

¢o = Cost of investment
Ct = Annual net income
(Kagan, 2023)

2.6 Supply chain in general

A supply chain describes the whole network of individuals and companies who are involved
in creating a product and delivering it to the consumer. The chain begins from producers of
the raw materials and ends with deliveries of the finished product to the end user.

Management of the supply chain is very important process because its optimization reduces
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costs and creates more efficient production cycle which leads to bigger profits. Companies
seek to optimize supply chain in a hope of reducing cost and remaining competitive. (Hayes,
2022.).
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3 RESEARCH MATERIALS AND METHODS

This part of the thesis contains the research materials and methods how to make the
investment choice. The research section starts by presenting fundamentals of investment
structure particularly in case company, presenting supply chain in seat manufacturing and
making preliminary choice of the to be used coating method. Other parts of this section
present offers from the potential machine suppliers and methods how experimental test runs

were executed.

3.1 Investment structure in case company

As mentioned in part 2.4 of the thesis, investment structures are individual depending on the
structure of the company and the price of the investment. Case company presented in this
thesis is a large industrial company which has many administrative levels. This means that
approval is needed from many levels and even preliminary investment plan for the next 3 to
5 years is needed to be submitted and approved before final decision on the real investment.

The full investment structure in case company goes as presented in tables 2 and 3.

Table 2. Preliminary investment plan steps.

Steps Information

1. Preliminary long term investment | Investment plan is created by production
plan is created managers, and it contains all the objects that
require improvement. Typically, the plan is

for a 3-5-year time window

2. Development manager approves the | Development manager supervises the
investment plan preliminary planning process and has a say

in what goes to the plan and what does not

3. Board of directors approves the plan | Board of directors goes through the plan
and makes the final approval

After the preliminary plan is approved and the initial time window for the specific
investment is set, it is time to make project plan and investment application. The project
process is presented in table 3.
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Table 3. Project steps.

Steps Information
1. Project is appointed to project Project manager makes the project plan
manager
2. Investment application is submitted | Project ~manager makes investment
application based on the preliminary plan
3. Financial management (controller) | Controller ~ makes  the investment
approves the application calculations and makes the plan on how to
mark investment to financial statement
4. Plant director approves the | Plant director has a right to approve
investment investments to a certain amount, but if the
investment is very expensive the approval
goes to even higher level
5. CEOQO’s or other high level director’s | Biggest investments go all the way to the top
approval to get approved

3.2 Supply chain in seat manufacturing

In seat manufacturing, the supply chain is long.

The end product (valve seat) is usually only

a small component of the entire valve, but there are also seats that are made as individual

products (spare parts). Industrial valves or spare seats are also not made for retail in local

hardware store, but for the other industries that make consumer products like oil, gas, or pulp

products so the end customer in this supply chain is other industrial companies. The whole

supply chain with all links is presented in figure 32.
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Figure 32. Valve seat’s supply chain.

Various materials are used to manufacture valve seats, so also different types of ores are
needed as well. Deliveries also employs different fields, such as railroad, air transport, truck
transport and shipping. Blanks are usually delivered in form of cast or forged, and they can
be pipes or rods so manufacturing those needs different processes. It can be concluded form
this, that seat manufacturing employs people from various fields of industry and every link

of the supply chain includes lots of different jobs.

3.3 Preliminary choice

One of the goals of this thesis was to find replacement coating machine for cobalt-based
alloy coatings. Basically, this means that choice is made between lased cladding machine
and PTA coating machine. The plant where this investment is being planned is focused on
projects which means that product base is large and manufacturing quantities are small. The
plant also has years of experience working with PTA coating machine with great results.
(Case Company’s internal data, 2022.). Combining these facts with literature presented in

parts 2.2.5 and 2.2.6 of the thesis, the final decision is to invest in PTA coating machine.

3.4 Requirements from machine suppliers

In this investment, the target is to find supplier which can deliver the machinery in turnkey
principle including service contract following few years. This limits possible suppliers to
only a few. Based on case company’s guidelines, this kind of industrial investment requires
at least two different suppliers to be compared so in this case two Europe-based suppliers
were chosen. Both suppliers were given list of needed machinery and their technical

requirements. These requirements were:
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Welding Power Source and powder feeder

O

O

©)

©)

O

Line Voltage: 230V

Line Frequency: 50Hz

Duty Cycle: 300 A, 100%

At least 2 powder hoppers
Deposition rate min 5 — 50 g/min

Axes and Turntable description

O

O

o

o

Oscillating width: at least 50 mm.

Turning axis: 360° endless.

Tilting axis: 5 —90°

Max. capacity turning table: 300 kg including face plate with diameter 1500
mm (no bigger than 1500 mm)

Safety Housing and Exhaust System

o

o

o

Housing around the welding system including sliding door with safety lock.
Sliding door allows access by crane for loading/unloading.
Filtered fume extraction system

See-through window in sliding door

Operation

o

O

o

o

Support for minimum of 500 welding programs
Control panel right next to sliding door
Camera for process observation

Ul in Finnish (if possible)

Other services

o

O

O

o

Installation as turnkey principle

Option for extended maintenance service
Option for extended warranty

Training for users

Documentation

o

o

o

O

Operator Manual (also in Finnish if possible)
Layout plan
User's manual

Electrical wiring diagrams
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3.5 Offers from machine suppliers
Offers and supplier names cannot be published directly, so suppliers are identified in this
thesis with letters A and B. Logically, direct amounts of how much everything costs cannot

be published either, so percentual comparison between suppliers is used.

3.5.1 Supplier A

Supplier A is a well-established European machine supplier of PTA welding systems. This
supplier is specialized in delivering PTA welding systems that are specially made based on
customers’ requirements and deliver the whole system in turnkey principle. Supplier A also
happens to be same supplier which delivered the PTA welding machine now in use at the
case company’s factory, so this supplier already knows what kind of system and what kind
of basic requirements are needed in this case. Supplier A also informed that they could

provide experimental test runs if needed.

3.5.2 Supplier B

Supplier B is also a European machine supplier with proven track-record in surface
protecting and welding industry. This supplier is specialized on delivering just the PTA
welding machines and not the whole custom-made system like supplier A. However,
supplier B was willing to visit case company’s factory and see which kind of system is in

use now and figure based on that if it’s possible for them to the deliver whole system.

3.6 Experimental test runs with machine suppliers

As mentioned before, from machine suppliers, only the supplier A was able to provide
experimental test runs for its offer. To ensure quality and capability of machine, total of 13
test pieces were sent to the machine supplier A. From these, 10 were valve seats and three
valve balls. Valve seats are the main product where this machine is going to be used, but
valve balls were sent in R&D purpose. Valve balls have never been coated with PTA method
before in case company, but there have been discussions to expand product range to cobalt-

or Inconel-coated balls. Test pieces and their specifications are presented in table 4.
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Table 4. Test piece specifications.

Quantity Base material Coating
material
~ Bal 6 3  AISI316L  Inconel
Seat 4” 5 AISI 316L Co-based alloy
Seat 127 5 AISI 316L Co-based alloy

All blank test pieces were manufactured in case company’s factory in Finland. Valve seats
used in this test are real products from case company’s product catalog and they are coated
with Cobalt-based alloys in normal production as well. Blank test balls are also real products
from case company’s product catalog, but since PTA coatings have never been applied to
balls before, blank balls for NiBo coating were chosen. NiBo-ball was chosen because it also

needs machining after coating. Test piece types are presented in figure 33 and all test pieces

in figure 34.
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Figure 33. Test piece types: 12” seat, 4” seat, 6” ball (Case Company’s internal data, 2022).
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Figure 34. All test pieces sent for experimental tests (Case Company’s internal data, 2022).

3.7 Implementation of the investment calculations

As shown in part 3.1 of the thesis, this type of industrial investment goes through many steps
before it is accepted. To support acceptance, financial justification is needed. The
justification is done by calculating NPV and payback time of the investment. The NPV was
calculated with different hold times to ensure profitability of the investment even in bad
case.

Because the machine in this case is a crucial part of the valve’s supply chain and parts made
with this machine cannot be made in subcontracting, the total breakdown of the old machine
will greatly affect on delay sanctions and therefore also in the payback time. It is expected
that the current machine will break down eventually and because products made with this
machine are expensive and therefore delay sanctions are also expensive, having a new
machine ready in production when the old machine breaks is very valuable.

Obviously, there is a possibility that the old machine will not break, which means that
investing to the new machine is just an additional expense in financial point of view. With

these things in mind payback times were calculated on two different scenarios:
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e Scenario 1, where the current machine suffers a total breakdown, but the new
machine is already ready to use for production and delay sanctions are avoided
e Scenario 2, where the old machine will not break and investment for the new

machine is an additional expense from financial point of view

Both scenarios take account several other factors in the calculations. These are lead-time
savings, machine time savings, energy efficiency and repair costs.

Also, the investment calculations were made with full allocated budget of the investment
and not based on disclosed amount from offers. Reason to this was that the allocated budget
is bigger than offers” amounts, which gives less margin of error to possible budget overrun

when implementing machine to production.
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4 RESULTS

This part of the thesis presents final offers from the machine suppliers and results of the
investment calculations. Because materials in the offers are suppliers’ property and therefore
classified information, they cannot be presented directly. Also in the investment

calculation’s part, specific amounts cannot be published due the policy of trade secrets.

4.1 Offers from machine suppliers

Both machine suppliers made an offer, which met the given requirements. From these,
supplier A’s offer was extensive and contained accurate specifications of the whole system
including pictures of 3D-models of the system. Supplier A also provided experimental tests
to ensure their machine’s capability. Supplier B’s offer was less extensive what comes to
specifications, and they didn’t provide experimental test runs with their machine.

Both suppliers had same delivery time of 4-6 months. In pricing, supplier B’s offer was

considerably cheaper with overall price being 45% cheaper than supplier A’s offer.

4.2 Results of the investment calculations
As mentioned in part 3.7, investment calculations and investment justification were made by

calculating payback time with two different scenarios. The results are presented in table 5.

Table 5. Payback time in different scenarios.

Scenario 1 3,0

Scenario 2 8,0

The NPV was also calculated with different hold times to ensure profitability of the
investment in bad situations. As result, this investment is not profitable in only in the worst-
case scenario, which is total breakdown of the new machine 1-2 years after warranty has
expired. After that the investment is profitable especially when calculating with the expected

normal service life of the machine.
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5 DISCUSSION

This part of the thesis analyzes the results and discusses the validity of them. The analysis
of the suppliers’ offers is done with classic SWOT-analysis and results of the investment

calculations are analyzed by comparing them to theoretical knowledge.

5.1 Analysis of the offers
The SWOT-analyses of the suppliers’ offers are presented in tables 6 and 7.

Table 6. SWOT-analysis of supplier A’s offer.

e Established supplier in this kind of e More expensive

custom applications

e Already has proven track record
with case company

e The machine is proven with
experimental tests

e More accurate offer

e Possibility to use same spare parts e Possibility to be more expensive in
in both new and old machine the long run

e Possibility to transfer welding e No offices in Finland so
programs from old machine to new communication is not as easy

machine




48

Table 7. SWOT-analysis of supplier B’s offer.

e Established PTA-machine supplier e Not as established in this type of

e Cheaper special application

e Not known supplier to case

company
e Has offices in Finland so e Machine is not proven to be
communication is easier capable, which can cause problems
e Possibility to expand collaboration in production
to other things such as powder e Possibility to lose manufacturing
supplying time because all welding programs

need to be redone to this machine

Based on SWOT-analyses, there are differences between suppliers. Even if supplier B is
much cheaper on paper, there are many threats and weaknesses which can cause the final
cost of the investment to go up considerably more. Supplier A has a proven track record with
the case company and has also experience of delivering custom made systems to customers.
Combining these facts to already proven machine and accurate offer, it is safe to say that
supplier A’s offer is accurate and has probably less surprises when implementing new

machining in production.

5.2 Analysis of the investment calculations

All in all, results of the investment calculations were as expected. In machine shop industry
scale, this is a relatively cheap investment, especially when comparing to multi-axis machine
centers. Also, the machine in this case is highly productive, which makes the investment
profitable in almost any case like NPV calculations showed. Only in the most unlikely and
worst-case scenario the NPV was negative, which was expected.

The payback time calculations were made by using only the cost of the components, not with
the whole valves. Because the whole valve is much more expensive than just the

components, the delay sanctions and profit loss on delivery time are much bigger in reality.



49

Therefore, payback time in scenario 1 is much shorter than the payback in scenario 2. Reason
why the payback time calculations are not made based on cost of complete valves, is because

evaluating true costs accurately is very difficult or even impossible.
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6 CONCLUSIONS

The conclusions part of the thesis presents the final choice of the machine supplier and other
key findings. The research questions are answered, and the study and methods used in it are
evaluated in this part as well. Final part of this section is the presentation of what are the

next steps in this investment and what further studies are needed.

6.1 Final choice of the machine supplier

Based on all the information presented in this thesis, the best choice for supplier is the
supplier A. This is because supplier A provides proven, high-quality service and have
supposedly lower risk of budget overruns due to its accurate offer. Even though supplier B
is cheaper, recommendation is to go with plan which seems to have better quality, not with

lower price.

6.2 Other key findings

Major finding in this thesis is that the new cobalt-based alloy coating machine is highly
needed in case company. Without the investment there is high possibility to lose high amount
of revenue in the case of a total machine breakdown of the old machine. As said in
preliminary choice part (3.3) of the thesis, the best choice is the PTA-coating machine due
to its small size, ease of use, cheaper price, and project-type production in the case
company’s plant. Even without a total breakdown of the old machine, the investment is still
profitable and offers upsides to production. One upside is the security of supply and possible
improvement in lead-times. This is because after the investment, case company has two
PTA-coating machines, which increases capacity in a case of high demand of products and
offers security in breakdown.

6.3 Evaluation of the study and its methods

In overall, this study was a success, and it served its purpose. Study also stayed within set
scope. Literature review provided lots of basic information and literature supported methods
used in this thesis. Methods used in this thesis are commonly used in this type of industrial

investment, so they can be considered reliable.
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The study was made for the private company, which significantly limited what material can
be published. Especially this can be seen in presentation of offers, because materials in offers
were property of suppliers and therefore cannot be published even if the case company would
have allowed it. The results of the investment calculations are also restricted because specific
amounts cannot be published due to the policy of trade secrets of the case company. Also,
because this study was made for the private company, it didn’t provide as much generalizable

information as it provided information to the case company.

6.4 Recommended next steps

This thesis provided recommendation to choose supplier A for PTA-coating machine
investment, so the next logical step is to finalize specs with supplier A and start
implementing this investment project in real production. The implementation starts by
making the investment application, form project group and steering group and start making
project schedule.

The investment also provides opportunities for further research. These could be process
optimization to get maximum capacity out of the new machine or product range expansion,

for example adding coated valve balls to product catalog.
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