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Abstract

This thesis work is aimed at analyzing manufacturing processes in the metal fabrication workshop. Different
methods of work organization and implementation of possible improvements with as few resources as possible
are discussed in the thesis. This is an important topic because in this observed case this workshop is working
without any strategic management and it is not efficient. The goal of this thesis work is to show how it is pos-
sible to improve production at this workshop with as less resources as possible. The study was commissioned
by the St.Grad company.

For this work, the main research methods were observation literature study, reading specific literature, and
consulting with the workers of the workshop. These methods were chosen to get the most encompassing view
of the workshop.

Overall, the results show that optimization methods will improve the company’s capacity by more than 2
times. This work is important to show how big of competitive advantage companies get when they have an
organized and automated production. Unfortunately, this is only theoretical work, because the implementation
depends on the owner of the workshop, but it can be assumed that this research is right and might help to
optimize production not only in this specific case but also in many other companies.
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1 INTRODUCTION

After Henry Ford implemented the flow method which made a revolution in manufacturing, people
started to think about and innovate different, more productive methods of manufacturing. They ana-
lyzed the productivity, collected the data, and improved their production. Nowadays with all of the
available technology and information, it is possible to make an efficient production. As an example,
this thesis studied metal fabrication workshops and develop an improvement plan. It includes not

only the way how equipment is arranged but also a production step by step plan.

To develop an optimization plan for the workshop in this thesis the help of the internet, profes-
sional managers, and workers was used. Analytical methods such as mapping working conditions,
examining employees, and interacting with the supervisors were utilized. This thesis work and
study looked at the current metal fabrication workshop that the company has under its manage-
ment, analyzed the equipment and technics that are used in a metal fabrication cycle, and made the

best possible layout for the equipment.

The production plan was developed by collecting information from the workshop managers. The de-
cision to do so was supported by them having more experience in organizing the production and
their ability to tell the production process steps that are usually taken to manufacture a product that
has been ordered. That production plan was also compared with different technical books and arti-

cles which were specifically written to help to understand and design a production plan.

The equipment layout plan was designed to fulfil the main objective of making the transporting time
from one step of the production to another as fast as possible. To develop that plan several produc-
tion methodologies were used and the whole facility plan was taken into consideration. It was also
decided to include additional equipment such as lifting winch, transporting or shipping bands, and

welding tables to make the most convenient working place layout possible.

The workshop which was studied is in size 24-9-4 m. It is a metal construction covered with a
metal decking. Equipment there is the following: 2 metal sawing machines (automated and hand),
rollers for metal bending, welding machines (both argon and arc welding), production line, guillotine
for metal sheet cutting, plasma cutting machine in a separate area, milling machine. All of the
equipment is arranged without any plan and was put where it fitted as it arrived at the workshop.
Most of the equipment is out of order but requires only small repair works. Some require minor set-
tings and some just need to be unpacked. By arranging all the equipment in a specific way and or-
ganizing the process based on methodologies the most optimal way of manufacturing can be

achieved in the current situation.
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2 MODERN MANUFACTURING PROCESS

2.1  Metal fabrication process.

“Metal fabrication” is defined as creating products or structures by cutting, bending, and/or
assembling metal material. It's largely considered a value-added process as it consists of putting
together actual products or structures from metal raw material.” (Southern Metal Fabrication s.a.).
Therefore a metal fabrication workshop is a facility where people with the help of equipment fabri-
cate raw materials in the needed goods. The process of fabrication involves cutting, bending, weld-
ing and assembling. Equipment that can be involved in this process varies a lot and can be depend-
ent on what type of production the company is creating and what criteria the product has. As an
example, products made from specific materials such as carbon steel or aluminum are better welded
with MIG welding. All these nuances which are gotten with the customer’s orders make this produc-

tion process rarely typical. (Dain Zimmerman, April 28.2021)

Usually, orders from customers vary a lot and one of the challenges in this job is to make a unique
and the most optimized production plan which will be using the optimal amount of the resources
available. Production plans are usually developed by the team or a person in charge of the produc-
tion process and he or she commonly has an engineering degree. It is important for at least one of
the people in charge to have an engineering degree because to fully develop a clear and efficient
production plan person has to know in detail all of the production processes that are going to be
involved in the manufacturing of the order. Therefore, it is the person in charge task to choose the

best production methodology to fulfill customers’ needs and workshop capabilities. (Betterteam s.a.)

For this task, most people use the job shop manufacturing methodology. Job production is a manu-
facturing process that involves the company making a unique customized product for a single cus-
tomer. (Optessa s.a.) Depending on the customer’s needs the product can be produced from start
to finish as created in parts for future assembly by other companies. That all make this production
method not suit the production in big quantities. Therefore it is used in most workshops and has
proven itself usable and good. it is the best suitable methodology for such type of manufacturing
because even though the work has universal technics in it, such as welding and cutting, still usually
every order is unique and it is difficult to make a stable production line, that would fit everything.
There are other benefits of Job production such as high customization of the product and the higher
quality of the work if it has professional workers. Nevertheless, all the basic main principles were
taken into consideration and were summed up and formed into a single plan that would help in the

production assembly and development.

First of all, when starting manufacturing a production plan should be developed. It should be exact

and clear so the workers who follow it would not have any uncertainty about what should be done.

The production plan consists of several stages. The first is making a production schedule. It is im-
portant to have such a schedule for workers and customers to understand an estimated time that
the product would be ready. The production schedule is created by taking into consideration the
time of all of the fabrication processes and adding to it some reserved time in case of emergency or

errors. Into the schedule also can be added the product delivery time, but that is discussed
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separately with the customer. There should be made 3 types of schedules. Master schedule which
shows the total amount of product that needs to be manufactured. Operation schedule, which
shows how the production flow works. And daily schedule. It shows the exact steps and activities

which should be done to accommodate a master schedule. (Indeed Editorial Team, 2021)

The second is material planning. In this stage of the plan, it is important to precisely calculate all the
materials that would be needed in product manufacturing. Mostly the price of the product is calcu-
lated from how difficult the structure is and what are the volumes of the materials that should be
processed. So, the product price depends on how precisely the amount of material is calculated. An-
other reason why it is important to have exact calculations of the materials it avoiding waste in the

production. It is unnecessary to have too much extra material in the production. (MBA Skool Team,
December 29, 2020)

The third is capacity planning. This stage directly correlates with the production schedule, because if
the workshop has a big order it needs to calculate how much it can produce in a certain time and if
it will meet the customer’s demands. Capacity planning is divided into 3 categories: Product capacity
planning, which ensures the company has enough material for production, workforce capacity plan-
ning, which checks if production has enough workers and time to finish the job, and tool capacity
planning, which analyses if current equipment and tools are enough for the planned production. Ca-
pacity can be influenced by hiring more workers or buying additional equipment. But it is important
to calculate if these spendings are necessary to the company and if it will bring more profit. (Op-
timoRoute, 2021)

And last, but not least is workflow planning. It is a very important stage because while calculating it,
all the things above should be taken into consideration. Every part of the plan will directly influence
the workflow plan, and a good workflow plan can even cover some of the production issues way so
it will not influence the final time and quality of the product manufacturing. (TechTarget, produc-

tion planning, internet publication by Ben Lutkevich, Technical Writer, last update November 2020)

Statistically speaking the main fabrication processes are cutting, welding, metal treatment, final
technical hole making, and metal treatment with paint or similar chemical substances. (In-
vestopedia, internet publication By Will Kenton Updated December 01, 2021) Consequently, based
on these most common processes, this workshop has all the equipment needed and even more for a

successful production cycle.

Usually, the production cycle at the fabrication workshop looks like this: After having a conversation
with the customer about the needs and getting or making technical drawings workers get the raw
materials that first are cut by the sizes they need. If it is sheet metal it is cut either on the guillotine
or plasma cutting machine. Commonly if there is no need for precise cutting, the guillotine is pre-
ferred to save resources. If it is pipes or angles or even steel bars the sawing machine is used be-
cause the material can be piled up and cut at the same time. After that, all of the cuts are cleaned
by the turbine if needed, sorted, and moved to the specially allocated place where it would be easily
reached for production. Then the construction is assembled and welded. And the final stage is metal
treating. Metal is usually cleaned either with sanding or turbines, depending on the amount of work,

and then covered with Zn paint. Based on this production plan the position of the equipment can be
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approximately assumed. But to finally determine where and how to put everything different manu-

facturing methodologies should be taken into consideration. (Sattler Manufacturing s.a.)

Lean Methodologies

When talking about the methodologies, it should be clarified in advance that Job manufacturing that
has been discussed above is a method and lean manufacturing is a methodology. There is a big dif-
ference between them. Methodologies are used to save as many resources as possible, such as ma-
terials, time, and skills. And the method is the way how manufacturing works. In this thesis work,

the lean methodology was analyzed and implemented in the optimization process.

There are 5 main principles in lean methodology, that help to better understand and therefore im-

plement this methodology:

First is Kaizen or Continuous improvement methodology. Kaizen is a Japanese methodology and it
translates as “good change” or “change for the better”. Kaizen was born in 1950 when the Japanese
government and management acknowledged that there was a problem with their current system
and pending labor shortage. And to solve, these problems major companies introduced lifetime em-
ployment and benefits for the development of the company. The philosophy of kaizen gained popu-
larity because it helped to increase productivity with minimum effort. (Sebin Mani 2009) The main
point of the kaizen methodology is to make small changes in the work on regular bases. It is proven
that an such approach helps to increase the effectiveness of the work. In the researched workshop
Kaizen methodology can be implemented not only by workers to see how they can improve their
work every day (Leanproduction, s.a.), but also by sending them once or 2 times a year for profes-
sional development courses where they can improve their qualifications and get more knowledge
about the job they do. For example, welders can improve their welder's discharge, which will help
them to do more responsible and better-quality work. And workshop managers should also be sent
to additional courses because with that they would be able to better control and plan the work in
the workshop. Needless to say, all of those improvements will only benefit the company that owns
the workshop, because the more technically challenging and high-quality work could be done more

efficiently.

The second is the 5S system. 5S stands for Sort, Set in Order or Straighten, Shine, Standardize and
Sustain. This methodology is mostly aimed at having a workplace in order. It is statistically proven
that people work better in a clean and comfortable environment, and for that, the Japanese in-
vented the 5S system. The first stage is sorting. The workplace should be sorted and all the unnec-
essary things or even equipment should be disposed of. Because things that are not in use would
only just distract and take up space that might be more useful for other things. The second is set in
order or straightening. It means that all the equipment and tools should be arranged in a specific
and systematic manner. It is important to have everything in order because that way the production
flow will be smooth and efficient. The third is shine. Shine stands for having a working place cleaned
and shiny. It should be always inspected because productivity rises in a clean workplace. It is also

important from the customer’s point of view. If customers come to the workshop and see that the
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workshop is not in order and is dirty, that would mean that the work there is done poorly and with
low quality. It would be better to have someone clean the working place after the work shift, it
might be an additional worker or evening duty of the regular workers, or the best way would be for
all workers to clean their workspace after their shift before heading home. It also should be checked
and fined, if not done. The fourth is standardize. That means that there should be developed clear
standards for the workplace organization. That should relate not only to the organizational stand-
ards but also to the work. When starting work at the workshop new worker should clearly under-
stand what is demanded from him. There should be clear instructions on how productive the worker
should be and how to behave in a working place. Not to mention the safety instructions which
should be obligatory for companies to have and present to their workers. And the fifth is sustain.
That means that the company should look that all of these points were followed. It is important to
have everything sustained and implemented in for in a daily bases because the main point of the 55
system is to do everything systematically, or otherwise, all the efforts would be wasted. (Kaushik

Kumar, Sanjeev Kumar June 2012)

Another one is the Six Big Losses methodology. Unfortunately, it is not rare for errors to happen in a
production facility. But it is important to be able to predict and avoid such losses. And with that, the
six big losses methodology is used. The Six Big Losses include Breakdowns, setups, Adjustments,
small stops, reduced speed, start-up rejects, and production rejects. So, the breakdown or in other
words the equipment failure is often thought of as an unplanned stop or downtime. There can be
many reasons for equipment failure. It can happen because some part got accidentally broken or
the machine has not been checked in a long time. This is an availability loss. As an example, in the
current fabrication workshop, there are 2 pieces of equipment that are not working. And that makes
them inaccessible and conclusively increases the production time. That could have been avoided by

doing a maintenance check every year or two.

Next comes setup and adjustments. It can be also known as a planned stop. This is also an availa-
bility loss because it stops the work of equipment for an appreciable amount of time. Such stops
mainly serve the purpose of cleaning, maintenance, or even adjustment work that helps the ma-
chines run better and smoothly. It is important to have such maintenance checks occasionally be-
cause with that many major problems can be avoided. That practice can help to prevent major er-
rors and breakdowns which would hurt the production process. Not to mention that precisely ad-

justed equipment assures good quality of the work.

The fourth type of Six big Losses is reduced speed. That stands for production not working at its
best possible speed and it is a performance loss. Things that affect the process in such a way are
dirty equipment, poor setup, usage of incorrect materials, etc. Such an error can also occur if an

unprofessional worker is working with the equipment.

The fifth is process defects. It is a quality loss and it is represented by the defects in manufacturing
during a stable production. That can happen due to machinery errors such as poor calibration, or
errors that affect performance loss. It can also happen if the worker is inexperienced and did not do

his work correctly.
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And the last one is a reduced yield type. This metric shows the number of defective products that
were made during a normal run of the equipment. Such quality errors can occur during all the
stages of the production cycle and therefore there always should be quality checks as preventing

measures at each step of the production.

Another is the idling and minor stops category. This category includes all the small stops that can be
happening due to material jams or equipment working incorrectly. Usually, the time of such stops is
a minute or two. It is a performance loss because it makes the production run at less than the maxi-
mum possible speed. Such stops don't require maintenance personnel to help with the equipment

and can be solved by regular workers. (Vorne s.a.)

Another lean methodology that fits current manufacturing is overall equipment effectiveness (OEE).
This methodology identifies the percentage of manufacturing time that is truly productive. An OEE
score of 100% means you are manufacturing only good parts as fast as possible with no stop time
by measuring the equipment performance calculating the systematic improvement plan is possible.
There are a few main points in this methodology. Availability is calculated by considering planned
and unplanned strops during production. Performance, which shows the speed of the production.
Quality, which shows the number of good parts. And OEE takes into consideration all the losses
above and calculates the overall production performance. It is done by multiplying the number of
Availability, Performance, and Quality. If the number is close to 100% it means that the manufac-

turer is working at its best performance. (OEE s.a.)

Of course, there is also a machine monitoring methodology. It includes different ERP techniques
that help monitor and relocate resources to the place they are most needed. There are different
types of ERP programs such as CAD, PDM, PLM, PIM, MRP, APS, MES, CRM, PCM, PRM, SCM, VCM,
and BI. They all help companies to operate and serve different purposes. For example, some are
used for technical drawing and some are used to help to have everything in order, others are used
to collect data. There is a different data management app for any purpose in the company. The is-
sue is that they are quite expensive to install and moderate. It would need a lot of additional equip-
ment that will help it to collect, analyze data and successfully operate. There are still some compa-
nies that take such responsibility for themselves and install the ERP systems on the production sites
and maintain them, but still, it is expensive. And not to forget that ERP systems are not fitting for
everyone. Even though ERP systems are useful, they have a great conflict with the lean manufactur-
ing methodology. Because the main principle in ERP is a push system and in lean manufacturing, it's
a pull system. But despite that companies still find a way to combine both of these methods. For
example, some of them can use ERP systems as a way to collect data about the orders, so it would
be easier to know what products people buy. Even though the studied workshop uses different CAD
programs, which are also considered an ERP and Data management programs but in the case of the
observed workshop, it is still highly resource-demanding to implement other types of a machine
monitoring methodology, and therefore at this point, it would not be necessary to include it in the

optimization plan. (Aptean Staff Writer, 2021)

Not to forget about the lean methodology basic principles that help the manufacturing to work suc-

cessfully and help to gain competitive advantage. The first is the value principal. Value is
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determined by how much the customer is willing to pay for the service that he gets. And it is a com-
pany’s task to fit in this price range and to eliminate all the costs to meet the price and get a profit.
(Hansen, Jeff 2016)

The second is to map the value stream. The main point of this principle is to calculate the lifecycle

of a product and to find a way to eliminate waste. (Lean Enterprise Institute)

The third is to create flow. In the current example of a metal forming facility, it is difficult to create
a flow of products because this type of production works in a unique order. But it is possible, and it
is going to be discussed further, to create a production manufacturing flow. When the equipment is
arranged in the way that it creates a production line it is possible to create a smooth production flow

where everyone will do their part. (Peter L. King 2019)

The fourth point is creating a pull system. Because metal fabrication is not stable in manufacturing it
is almost impossible to create a push system, but the opposite pull system is commonly used in the
production process. It is when parts are made as they are needed. This principle helps to control the

amount of product produced and to eliminate waste.

As previously discussed, the Job methodology is the best suiting production type for the metal fabri-
cation workshop. But it should be pointed out that the companies, should not stop on one lean
method and try to consider as many different methodologies as possible and take what'’s best from
each of them. For example, as previously discussed lean methodology consists of many different
aspects and methodologies and all of them can be successfully implemented in a workshop to im-
prove its production. For example, improving the work and process every day step by step and im-
proving workers’ performance through additional education can be adopted from the Kaizen meth-
odology. Having a clean and standardized working environment comes from the 5S methodology.
Setting and taking care of the equipment correctly is taken from the Six Big losses methodology.
And overall performance control is checked by using OEE principles. All of the things above when

followed help to significantly improve the performance and therefore income of a workshop.

2.3 Qualities of an optimized manufacturing process

Production is optimized when the product is made as fast as possible, without any waste or loss in
quality and resources. Earlier examples of methodologies to use to optimize production performance
had been provided, so now the methods of the data collection, decision making, and overall im-

provements of the company’s work process are going to be observed.

The methodology is not just raw theory. It is based on data that people around the world collected
and studied for many years. Therefore, to improve production besides using the methodologies, the
information flow throughout the company and workshop should be checked. Usually, this is the
most time-consuming part of the production. Because first managers need to contact the client,
then he tells the conditions on which the project should be done, then the managers pass this infor-
mation to the team of engineers who make their fixes and again and again until the project goes to
production. And even there, all of the processes should be followed and controlled by the executive
engineer. In this example, this is very time-consuming and unnecessary for the optimal production

process.
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Nowadays modern education gives a variety set of skills in any profession so to improve the pro-
duction process, strait after the customer is found engineer should take place in the discussions
about the project directly with the customer, there is even a job position called sales engineer. They
can consult as on their own as in a team with a sales manager or project manager. It will avoid time
waste and misunderstandings during the communication part of the process. It will also save time
because engineers would be able to directly ask questions and suggest solutions to fit the cus-

tomer’s desires. (CareerExplorer, s.a.)

Also, to improve the production head engineer in the workshop should search for the bottlenecks in
the production process and try to improve them. Ideally, this should be done already in the product

production planning stage. One of the main methods to do so is the Theory of Constraints.

The theory of constraints focuses on the identification of constraints in production systems and their
proper management to achieve the maximum throughput (Lopatowska, 2017) The constrain is the
most important element in the TOC method. It determines the capacity of the production system
and limits its success (Wieslaw Urban, Patrycja Rogowska 23 July 2020) overall there are three
types of constraints: resources, materials, and management. The most often type of constraint is
the third one because companies commonly make the mistake of not hiring more people or buying
additional equipment that would improve their productivity. But on the other hand, they are the
cheapest and easiest to solve. Second, more often is the resource constraint. It is when production
is exceeding its assumed capacity. “An excess of production capacity is characterized by a surplus of
stock of finished products and work in progress.” (Wieslaw Urban, Patrycja Rogowska 23 July 2020)
And the material constraint of quite rare because nowadays if materials are finished it doesn’t take
much effort to make a new order from a supplier and they would be available soon. Identifying the
current constraint in a production cycle is already half of the work. The other half is fixing the issue
by doing all the necessary means. It is important to have this search process running all the time to

always improve the efficiency of the production.

One of the other good things to improve the production is also making an end analysis after the
work is done. It will help to find the problems and the ways to improve the production in the future.
One of the main problems in a not optimized production is the waste of time and resources in the
lack of automatization. As an example, one automatic metal saw can work as fast as the 4 workers

at the same.

Some companies do not see the benefits of automatization and they think that it is an unnecessary
investment, but to further improve the capacity and productivity of a company it should go on the
road of automatization, because automated processes are much easier to handle and control and

improve.

Another massive waste of time in a workshop is logistics. If equipment is placed as it arrived at the
workshop (as it usually is) then a lot of time is wasted on the transporting working piece from one
place to another. Not to say that heavy pieces require more workers to participate in the transporta-

tion and therefore more effective time is wasted. Therefore, it is highly important to properly
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arrange equipment into a well-designed production line. The time saved in transport can be a signif-

icant competitive advantage in metal fabrication.

2.4  Current production analysis.

Supplier

By observing the current production at the metal fabrication workshop, the conclusion was made

that it works inefficiently. This conclusion is made because on the production site workers use old

tools that lack maintenance. Also because most of the industrial machinery is either broken or is not

adjusted it is not possible to provide quality work with it. Therefore most of the work in a workshop

is done manually. Current production process looks like this ( Picture 1)

Materials order

Production control

Material
requirements
planning, Production
planning

Product order

Daily schedule

Sawing

Cutting

Welding

Painting

©

o

1

©

©

Picture 1. Production process

Even though on picture 1 the production process is well developed, it is clearly seen that for big pro-

duction jobs this workshop is not fit because it lacks workers and proper equipment. But with the

advancements that will be shown further it would be possible to improve production so it will have

enough capacity for a bigger production.
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3 RESULTS

3.1 Statistics

The main goal of this thesis was to show how implementing statistical analysis, specific methodolo-
gies and proper equipment can significantly improve the production performance of the metal fabri-
cation workshop. To do so several methods of analysis were used. Starting with regular observation
after the workflow of the workshop and continuing to the system analysis of the collected data.
Analysis was made by calculating the average work time with and without the specific equipment.

Some of the data was collected from the internet and the equipment characteristics.

Here is provided information that shows how important automatization and proper use of equipment

are. Table 1 shows the differences and benefits of manual and automated processes.

Table 1. Data analysis of the hand and machine work.

Hand Machine
Sawing 25-35mm/min 20-100mm /min
Transporting max weight ~ max weight 250-
40kg 1000kg
Plasma cutting 25,4 cm/min 35/min
. 75 to 150
Arc welding ;
mm/min.
Seml-autci)rr:;atlc weld- 720mm/min

For example, regular hand sawing takes almost twice the time, that automatic band saw for metal.
Also, the benefit of the automatic is that it is possible to put a bunch of material and it will not have
any problems with cutting it. Rather than when sewing by hand, it is possible to hold only a few

beams without the excessive risk of injury and/or downgrade in quality.

Another piece of equipment that is essential in an optimized workshop is an electric Lifting Winch.
It is an additional piece of equipment that was not in the original list of materials. The decision to
add it was done because it is small, cheap, and can pull up a weight from 250 to 1000kg in one go.

It will sufficiently improve the transporting speed and reduce the waste of human resources.

One of the things that is also often needed in the workshop is metal cutting. When talking about
plasma cutting metal manually, it is already assumed for it to have lower quality, speed, and preci-
sion of the cuts. Rather the automatic plasma cutting machine does not have such minuses and its
cutting speed is much higher. Additionally, the work of the CNC plasma cutting machine is much
simpler than the manual. In hand plasma cutting, the worker has to manually adjust the flame each
time before the work and therefore from the professionalism and experience of the worker depend
the speed and quality of the work, whereas on the other hand to operate a CNC machine worker
does not have to be such a professional. The only thing needed is to upload the technical layout to
the system, which can be drawn by the engineer working at the facility and wait until the program is
finished.
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Welding in the workshop is another complicated topic. Its efficiency can vary starting from the pro-
fessional skills of the welders and finishing with the quality of the equipment. Also, the working ma-
chinery depends on the type of metal construction being welded. But despite all of that it can be
confidentially concluded that according to data collected semi-automated welding is more efficient

than regular arc welding almost in 20 times.

As another example, the amount of time that is needed to produce one metal 6m column which is
made from 1 I-beam 25K1, and metal sheets thickness 5 mm is going to be calculated. The number
of ribs is calculated based on a formula, but now as an example, a work plan is going to be based

on the current technical drawing. (Picture 2.)

Picture 2. Technical drawing of the column.

~ 1 By observing the drawing, it can be safely assumed that the column has 4 triangle ribs
and 6 rectangular. Part of another column will not be considered. There is also one rec-

tangular basement of a column which is going to be assumed a 10mm metal plate. Di-

246

mensions of the column 25K1 are 246*246mm. Inner distance (hi) is 222mm. And inner

h

width (wi) is 119mm *(Picture 3). Based on these numbers the dimensions of the ribs
1 are going to be calculated. Rectangular ribs (R1) will be 222*119mm. And triangular (R2)

y
b=249 will be 123* 250mm. The rectangular basement (R3) is going to be assumed to be

Picture 3. I-beam 500*400mm. These numbers are approximate and may vary considering the real needs

dimensions in construction and assumed only for an example. Now the production process is discussed.

Sawing Welding Painting

Picture 4. Production process.

The regular production process goes like this. (Picture 4.) First the I beam should
be cut in half because the usual beam length is 12m. At the same time, metal sheets should be cut
out to fit in the middle to make hard ribs. And then all the ribs should be cleaned and welded. The
process of cleaning of the column is to be ignored because in the current production plan is not con-
sidering the sanding and treatment of the metal is not considered, because those processes are
done the same in both ways as in automated and as in manual production in this workshop and the
work time will not be affected by them. After all, the sending machine is expensive and is not con-
sidered a necessary investment, for now, so the cleaning time will not affect the production process.

But in the future, it will be a great opportunity for company development.
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Based on this arrangement plan and assuming that metal sawing will be automatic and all the metal
ribs will be cut in a plasma cutter and welded with a half-automated welding machine, it can be cal-
culated that the average production time is 35 min. And when everything is done manually 77 min.
It was done by dividing the amount of work by the capacity and then adding everything up. Cutting
length is calculated by this formula (222*2+119*2) *6+ (123*2+250*2) *4
+500*2+400*2=8876mm. And welding length is calculated by this formula (119*2+222) *6+
(123+250) *4+ 246*2+222*2 = 5188 mm. sawing is calculated by dividing 246, which is the thick-
ness of the column by 35mm/min and 100 mm/min. which are sawing speeds of hand and machine
saw respectively. And the numbers are 7- and 2-min. Same operations were done with plasma cut-
ting 8876/350=25 and manual cutting 8876/254=35. And the final Arc and half automated welding
is calculated by 5188 divided by 150 and 720. This gives us 35 and 7 working min.

This pie chart shows the win in time that is gained when using tools and necessary equipment.

Chart 1. Work in time in min.

Work time in min

automated , m automated

win in time , 35, 45%
42, 55% B win in time

This pie chart shows that manual work takes more than twice as much time as automated. There-
fore, statistically speaking the workshop can earn twice as much money as it does now because it
can do the work two times faster. And considering the tools arrangement plan that would be dis-
cussed further, it can be safely added the win in time with transporting the materials around the

workshop.
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3.2 Workshop layout plan

One of the main important things in workshop optimization is the arrangement of the equipment.
Usually in most workshops equipment is placed as it arrives at the workshop and put where it fits.
But this way of panning isn't optimal and can lead to a significant waste of time which comes from
moving parts from one place to another. As discussed before the production process consists of
such stages: sawing/cutting, welding, and painting or final processing. Therefore, the most optimal

workshop equipment layout should look this way:

Picture 5. Workshop equipment layout

This layout is planned that way so it will be the most convenient to receive, fabricate, and hand out

the production.

By /-/ sing on the plan shown doorways. There are 3 doorways on the plan. One in front of the
sawing machine (1) (Picture 11) another in front of the welding tables (2) (Picture 7.) and the last
gates are in front of the guillotine (3) (Picture 10.). It is made in such a way that the material can
be divided into 2 parts: beam type and sheet metal. Therefore, it would be easy to receive raw ma-

terials. And the gate in front of the number 2 is made for easier handing our ready product.

Number 4 is a plasma cutting machine, it is put near the guillotine so it would be easier to put
sheet metal on the machine. And it is also situated near the shipping tape which decreases the de-

livery time of freshly cut pieces.

Number 7 is manual shipping tape (Picture 6). Its purpose is for simpler material delivery. On to the
working zone which is made from 6 welding tables size 2000x1500. All the welding machines and

equipment will be stored under the tables.

5 is bending rollers (Picture 8.). They are near the PCM because more often sheet metal is bent ra-
ther than tubes. Zone 6 is a special milling and drilling zone for small size manufacturing. Zone 8 is
a small storage zone for materials that would be soon needed or for already done production. It is

not made for long-term storage. Also, it is important not to forget about the small lifting winch is

situated near the sealing. It helps to transport the material around the workshop. This layout was
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developed by analysing the production plan and worked out with all the lean methodologies de-
scribed above. It can be claimed that this layout is the most optimal layout which shortens the

amount of time spent on transporting and fabrication of the material.
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DISCUSSION

Nowadays at the highly competitive times when all the resources are growing in price, many compa-
nies search for the cheapest and most functional products. That is why a lot of companies are inter-
ested in optimization. There are many pieces of research made on this topic, therefore it is highly

recommended to use statistics and methodologies for the improvement of the production.

This thesis work describes one of the ways to optimize and eliminate the waste of time in the metal
workshop. By using more advanced equipment it is possible to get a win in speed and quality, by
having more qualified and professional workers better quality is reached. Also, that decreases the
mistake chance which always leads to the win in time. And by having all the equipment arranged

properly delivery time is decreased and a win in time and resources is achieved.

Not to forget about the different lean methodologies and guidelines for optimization of the work-
shop’s work arrangement. From Kaizen methodology, the always improvement principle was taken
and additional professional courses are suggested. From the 5S methodology, the workshop struc-
ture and standards were borrowed. Also, the 5S principle was taken into consideration while devel-
oping the workshop layout plan. As shown on a plan everything is in its place without any useless
equipment in a workshop. From the Six Big Losses methods of taking care of the equipment were
learned. And OEE method shows the standard for understanding if production is well designed and
optimized. Unfortunately, main ERP programs and manufacturing execution systems are hard to im-
plement because in job type of production each manufacturing process is unique and mostly done
half manually therefore it is almost impossible to gain a stable data flow from the production site.
But such programs can and should be used as data storage systems for reports and manufacturing

instructions instead of paperwork.

All these parts together are responsible for the improvement in the production cycle. And even if
used individually each part will still lead to the improvement of the fabrication. Unfortunately, there
are still several risks in implementing this plan for example if all the investments into the improve-
ment of the workshop would be returned. Therefore, it is suggested to implement all these improve-

ments step by step by using the income from the orders made.

Through the data shown above, it can be concluded that the improvement in production will be
twice as much as before. Therefore, by improving production speed the income will rise because
workshop capacity will improve in 2 times. Unfortunately, even with all these improvements, it is
still important to have qualified workers in their places. So, the kaizen methodology is highly sug-
gested in manufacturing. There are still risks of the workers leaving the job after all the courses that
the company has sent them to, but they can be nullified by making a work contract that would

make them work for some time after their qualification improvement.

The aim of this thesis was to analyze the current work of the workshop and suggest optimization

technics and plan for it to work more efficiently. By analyzing different methodologies and improve-
ment technics, this thesis work showed that it is possible with the usage of the proper equipment to
increase the production capacity up to 2 times. This work was done successfully because even with

raw numbers the results are explicitly better than was expected before. And that was even despite
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that the productivity improvement by methodologies and equipment layout is impossible to calculate
without implementing this work in real life. It would have been a great opportunity to implement all
these improvements in real life and to do an actual research-based analysis of all the described

technics.

To sum up, it is important to always improve production and to always think about how to eliminate
as much waste as possible. With a strong team of professional workers and the right working and
up-to-date equipment, it is proven that it is possible for the companies to work with great profit and
benefit. This study was made for the specific metal fabrication workshop that belongs to the St.Grad
company but it is possible that it will help people develop and improve their productions in other

facilities in the future.
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APPENDIX 1: PICTURES

Picture 7. Welding table
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Picture 8. Bending rollers

Picture 9. Lifting
Winch
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Picture 10. Guilutine

HMONGED

Picture 11. Sawing machine



