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Basic Instructions for using a 3D PDF file 
The 3D enabled PDF files load in Acrobat Reader Version 7 and later. They do not appear any 
differently at first glance but offer a number of features.  
 
Interaction 
The part can be virtually rotated by holding down the left mouse button and moving the 
mouse at the same time. Similarly, using the right hand mouse button while moving zooms 
in and out. Moving the view up/down and right/left is achieved by holding the Ctrl key in 
combination with the left hand button and moving it. Use the right mouse button to access 
the menu bar for further functions. 
 
Assemblies 
Some bodies consist of multiple parts. In order to access the structure of the multi-body 
parts and show/hide different parts as well as see the part names, the model tree needs to 
be activated. The toggle to do so is located by default in the button panel immediately above 
the main 3D image (if it isn’t visible, move the mouse over the image), to the right of the 
“Views” drop down box. Expanding levels (with the “+” tab), shows parts that are linked 
below the top part. Successive parts are handled the same way. By toggling the check mark 
next to a part name allows the part to be hidden/shown. 
 
Changing the display mode 
Different options are available which are best experimented with. By clicking on the box with 
the colored square in the tool bar immediately above the image, different view modes can 
be selected to best suit the need. A frequently used mode is the “illustration” in combination 
with a white background. A number of other display options are available together with a 
selection of lights and background colors which can be mixed to best suit the required 
display. A “Solid Outline” is often preferred for engineering applications since it shows edges 
of parts clearly. 
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Single Point Lesson Series – SPL No. 1


John Kravontka | 146 Hartford Road – Manchester, CT 06040 | (800) 286-2469 x5399 | JKravontka@FandO.com


X Basic Skill


X CounterMeasure


X Accessibility


X Safety


X Mistake Proofing


X Productivity


Are the drive chains loose, tight, dry, lubricated? Maintenance has to shut
down and lock out the equipment to check. What if you had more than
200 of these drives? Would they get inspected in a timely manner? If not, you
would be spending a lot of Maintenance dollars on worn sprockets, chains
and downtime.


Installing lexan on the front of the chain cover, allows Maintenance or the
Operator, to inspect the chains, while the equipment is running, and to
lubricate the chains, while the equipment is running. This could be an
Operator or Maintenance function. You decide, what makes sense in your
facility with your equipment. No matter who does it, it will be safe, quick and
easy to perform.


Visual Checks and Accessible
PM’s


BEFORE                                                    AFTER


Equipment Name: Various
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X Basic Skill


X CounterMeasure


X Accessibility


X Safety


X Mistake Proofing


X Productivity


Proper Marking & Reading
of Gages


Equipment Name: Various


Maintenance to check the operation of the Gage, clean &
determine the proper pressure range & install green see-through
tape - available from: Strategic Work Systems, Inc. @


www.swspitcrew.com


The Operator, seeing the proper hydraulic pressures (Visuals),
can predict the onset of possible problems & allow for planned
downtime (Maintenance making repairs when the problem is
small/inexpensive). This will also help to develop ownership at
the equipment level to keep the process constant from day to day.
Gage marking is one of many visuals we can use to get the
equipment to “talk” to us.


What pressure should
these gages be reading?


BEFORE                                               AFTER



mailto:JKravontka@FandO.com
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X Basic Skill


X CounterMeasure


X Accessibility


X Safety


X Mistake Proofing


X ProductivityVisuals - Safety Data


Hand
23%


Eye
22%


Wrist
15%


Carpal Tunnel,


Elbow
25%


Back
10%


Foot
5%


25%
20%
15%
10%


5%


Foot       Back     Wrist       Eye      Hand    Elbow


If you post this safety data
in your plant, who will take
the time to view it and try
to interpret it?


If you make the data
visual, people will
look at it, and
immediately it will
have an impact on
them. If this is posted
as you enter the plant,
employees, will know
that you are
serious about your
safety!
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X Basic Skill


X CounterMeasure


X Accessibility


X Safety


X Mistake Proofing


X Productivity
Maintenance Access


Equipment Name: Various


This picture shows a machine which has all of the gauges, lubrication bowls, electric's, and
valves located at the back of the machine.  By doing this, we keep the work area less
congested as well as making it easier to maintain the machine.  The operator can also
check on how the machine is running by looking in just one location. (Daily operator PMs)
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X Basic Skill


X CounterMeasure


X Accessibility


X Safety


X Mistake Proofing


X Productivity5’S and Safety


Find innovative ways to eliminate your safety issues, no matter how
minor they may seem. Operator ideas, no matter how small, will lead to
bigger and better ideas, that will have a major impact on your facility.


We have to constantly be on
the lookout for safety
issues. That can be difficult
when we work in an area for
a long time. When ever you
can, have someone from
another area look over your
area. Have a safety
committee audit different
areas of your facility.
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X Basic Skill


X CounterMeasure


X Accessibility


X Safety


X Mistake Proofing


X Productivity


Simple Tool Guides
Eliminate Hand


Alignment


1) Having an operator align a work
piece by hand consumes resource
unnecessarily.


2) In this example, operators were
required to hand align parts each
time before punching slots. This
caused added time for proper
positioning, induced variability, and
even created scrap.


3) Simple guide functions were added. The operator can now produce with quick,
repeatable, and accurate results. Operators should never be subject to an unstable
process.
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X Basic Skill


X CounterMeasure


X Accessibility


X Safety


X Mistake Proofing


X Productivity


5S – Sort, Simplify,
Shine, Standardize,


Sustain


1) Another example where the lack of organization adds to worker frustration,
reduces quality and increases costs.


2) In this example,
operators were
challenged with not only
finding the proper tool,
but finding one that
actually worked. The
bench often had to be
cleared before any work
could begin.


3) Removal of items no
longer needed,
standardization of
common tooling and
overall general cleanliness
improves productivity.
Operator morale and
respect of internal
customers is greatly
improved.



mailto:JKravontka@FandO.com






Title: 5’S and Productivity


Single Point Lesson #88Single Point Lesson #88


o  Basic Skill


x  CounterMeasure


x  Accessibility


o  Safety


o  Mistake Proofing


x  Productivity


Before After


Does your work area look like the scene of Bonnie 


and Clyde’s car after the feds opened fire?  Have 


your work area set up to have everything in easy 


reach, ranked by items you use the most. Lean /5’S 


can extend beyond the shop, into the entire facility.


Lean principles can be applied to the office and 


even the sales department, where the object is to 


eliminate waste from your customers point of view. 


Submitted by:


JBK Enterprises
www.leanselling.us








Single Point Lesson Series – SPL No. 102


X Basic Skill


O Counter Measure


X Accessibility


X Safety


O Mistake Proofing


O Productivity


Transformer Safety 


Unfortunately, transformers too often 


become a storage space for tools, drinks, 


and other items.


The National Electric Code disallows 


storage of  materials within the electrical 


working clearances.  Make sure your 


electrical apparatus doesn’t become a 


storage area.


John Kravontka  | 146 Hartford Road – Manchester, CT 06040  | (800) 286-2469 x5399  | JKravontka@FandO.com


1. Visuals – Floor marking to 


establish the clearance 


boundaries 


2. Training – operator safety 


training on working around 


transformers – 10 minutes  


3. Periodic PM to clean and 


tighten electrical connections      


With visuals, training and 


good preventive maintenance,  


we can ensure that the 


transformers remain safe and 


reliable.    








committed to maintenance excellence


John Kravontka, President  I  800.286.2469 x5399  I  jkravontka@fando.com
Fuss & O’Neill Manufacturing Solutions, LLC  I  146 Hartford Road  I  Manchester, CT 06040


Single Point Lesson #205


We enjoy hearing from our subscribers. If you have ideas that you feel would be a great Single Point 
Lesson, send your ideas to: jkravontka@fando.com


How’s your hoist? X Basic Skill


O Counter Measure


O Accessibility


X Safety


O Mistake Proofing


X Productivity


•	 Do not use until properly trained in the operation of the hoisting device!
•	 Do not operate if  the hoist is damaged or not operating correctly!
•	 Do not tip load the hook!


•	 Inspect your hoist and BTHD (below 
the hook devices) daily!


•	 Test the unit before loading to ensure 
proper operation.
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1 Introduction 


Production Technology is a Bachelor Thesis taken on by five mechanical engineering students 


from Buskerud University College in Kongsberg.  


The Scope is limited to five study credits for the first semester (fall 2011), then 15 study credits 


for the second semester (spring 2012). This is estimated to 550 work hours per group member. 


There will be a higher priority on documentation then in a normal industry. This will give a 


better basis for evaluating the project. 


The purpose of this project is to evaluate production models for Kongsberg Protech Systems 


(KPS). Kongsberg Protech Systems has developed a new product called Protector Medium 


Caliber that is going into production. To make the production effective they need to develop a 


specific production model that they can integrate in all their locations, and in different 


production scale. 


The company has other similar products that are already in production. In the existing 


production there are used several Lean tools to make the production as efficient as possible. 


The difference between these products and the new one is the size and weight. The existing 


products are of smaller caliber and therefore smaller in size and easier to handle, than the new 


Protector Medium Caliber. Due to the size and weight of the product they need to develop a 


completely new assembly process. The production process is the backbone in the company and 


it is vital for the company to compete with others.  


Our assignment is to make a main study that evaluates different production models and create 


concepts for the production of Protector Medium Caliber. The production is divided into two 


cases with different production rate, where Case 1 handles high rate production and Case 2 


handles low rate production. For both cases, we will consider the need of cranes, lifts and other 


equipment to make the assembly as easy and effective as possible. In the production of 


Protector Medium Caliber there will be a need for a jig or a fixture to hold the product while 


assembling and testing. This jig will be designed in SolidWorks and integrated in our production 


model. 


To be able to make a good analysis, we need to learn about production technologies and Lean 


manufacturing. By learning the basics of these subjects, we will ensure effective manufacturing 


of quality products and a safe and good environment for the workers. To accomplish this, two 


generic pre-studies will be produced as supporting literature. One study for production 


technologies and one study for Lean manufacturing. The two studies will be used as a support 


for arguments for the different choices and conclusions we make in our main study.  


This Bachelor Thesis is a theoretical study and takes form of a written report with drawings and 


illustrations. The sources used are internet, personnel of KPS and literature in form of books. 


Project expenses are literature and printing of reports and poster. 
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1.1 Document Overview 


This document is one of many reports in the Bachelor Thesis 2012-2.    


The Figure below will give an overview and placement of the reports and documents for the 


Bachelor Thesis 2012-2. The textboxes represents documents and the green box is representing 


this document. The Appendix documents are not listed.  


 


 


Figure 1 - Document Relation 


1.2 Document Purpose 


The purpose of this document is to introduce the project and explain the goals of this project. 


The document will give a detailed overview of how the project is planned to be executed. 
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2 Organization 


2.1 Project group 


 


Halvor M. Eide (H.M.E), 1986-26-03 
Educated in furniture design and room architecture 
Experience: KDA - Navy & Surveillance, documentation (2011-2012) 
Student contact for Tekna at BUC 
E-mail: halvor.m.eide@gmail.com 
Phone: 92 21 37 36 
 


 


Ørjan Ohm (Ø.O.), 1988-08-02 
Experience: Statoil ASA, Inspection 
E-mail: orjan.ohm@gmail.com 
Phone: 48 03 59 18 


 


Sander K. Trandem (S.K.T.), 1986-06-12 
Experience: Certificate as industrial technician. Apprenticeship performed at 
Esso refinery Slagentangen(2007-2009) 
E-mail: sander_trandem@hotmail.com 
Phone: 92 40 24 15 
 


 


Knut Anders Lia (K.A.L), 1989-11-11 
Experience: Nexans Norway, Halden. Production of sea cables and umbilicals 
Manager for Tekna Student organization at BUC (2012) 
E-mail: knutanl@hotmail.com  
Phone: 90 15 74 41 


 


Alexander Svendsen (A.S.), 1989-09-08 
Experience: Infocare, Service technician 
Student contact for Tekna at BUC 
E-mail: alex89sve@gmail.com 
Phone: 45 47 73 92 


 


  



mailto:halvor.m.eide@gmail.com

mailto:orjan.ohm@gmail.com

mailto:sander_trandem@hotmail.com

mailto:knutanl@hotmail.com

mailto:alex89sve@gmail.com
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2.2 Stakeholders 


The stakeholders are shown in Table 1. 


Table 1 - Stakeholders 


Contact information Position Relation 


Kongsberg Protech Systems 


Ole Magnus Raff Reinemo 


Ole.magnus.reinemo@kongsberg.com 


Manager Process and 
Technology  


External Mentor and 
Sensor 


Alan Kåsin 


alan.kaasin@kongsberg.com 


Production Engineering 
Mechanics 


Dynamic Systems 


External Mentor 


Sigmund Johannessen 


Sigmund.johannessen@kongsberg.com 


Process Engineer 


Dynamic Systems 


External Mentor 


Buskerud University College 


Kjell Enger 


Kjell.Enger@hibu.no 


Lecturer, Technology Division Internal Mentor and 
Sensor 


Olaf Hallan Graven 


Olaf.Hallan.Graven@hibu.no 


associate professor, 


Technology Division 


Internal Sensor 


Åge Skaug 


Aage.skaug@hibu.no 


Senior Engineer Receiver of 
Documentation Elements 


Project Group 


Halvor Mehlum Eide 


halvor.m.eide@gmail.com 


Student Project Manager 


Document Manager 


Ørjan Ohm 


orjan.ohm@gmail.com 


Student Minutes of Meetings 
manager 


Web Page Manager 


Sander K. Trandem 


sander_trandem@hotmail.com 


Student Economy Manager 


Communication Manager 


Knut Anders Lia 


knutanl@hotmail.com 


Student Follow-up Manager 


Project Plan Coordinator 


Alexander Svendsen 


alex89sve@gmail.com 


Student Test Manager 
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2.3 Relation and Responsibility 


All the managers in the project group have its own responsibilities. In most cases the task will 


therefore be handled by the person who are responsible, but managers can surly delegate 


these task to other team members. It will always be the respective manager who is responsible. 


Internal Mentor:  


His task is to support and guide the students during the implementation of the project. Internal 


mentor shall also be included in a panel of three people that put individual grades on the 


project participants. The other two participants in this panel are: internal sensor and external 


sensor. The project will be evaluated with standard grades from A to F. 


Internal Sensor:  


His task is to sensor all projects. Internal sensor should be included in a panel of three people 


who will put individual grades on the project participants. The other two participants in this 


panel are: internal mentor and external sensor. The project will be evaluated with standard 


grades from A to F. Internal sensor should also be a support for the internal guidance during the 


implementation of projects. 


External Mentor:  


His task is divided in two tasks: First, the external mentor is the representative of who initially 


gave the task and thus customer. Second, the external mentor is responsible for ensuring that 


the necessary resources are made available to the project group. Resources include in this case 


the equipment / software and technical information / guidance. 


External Sensor:  


His task is to censor the project group. External sensor should be in a panel of three people who 


will put individual grades on the project participants. The other participants in this panel are: 


internal mentor and internal sensor. The project will be evaluated with standard grades from A 


to F. 


Project Manager:  


His main responsibility is to make sure that the project is according to the plan and its goal. 


Good communication is one of the biggest parts in this process. He needs to make sure that 


different task and responsibilities in the project itself is divided on the other team members.  


Document Manager:  


His main responsibility is to make sure that all documentation is in the same format, standard 


and according to the other documents. It is also the document manager that control that non-


public material is kept secret. 


Communication Manager:  


His responsibility is to coordinate meetings with Kongsberg Protech Systems and internal 


mentor from BUC. 
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Minutes of meetings Manager:  


His responsibility is to write minutes of meetings after the project standard in every meeting 


and send it out to all the other participants. 


Economy Manager:  


His responsibility is to make the projects budget (with the other members) and make sure that 


use of money is according to the budget at all times. It is also his responsibility to declare all 


purchases and keep all receipts preserved. 


Follow-up Manager:  


His responsibility is to make sure that follow-up documents is made and sent to the internal 


mentor. Therefore his job is to make sure that every team member is doing their scheduled 


task, and contact the project manager early if there are any delays. 


Web-Manager:  


His responsibility is to make a presentation of the project on a web site, and from that point, 


continuously update the web-page with the newest version of documents and process. 


Project Plan Coordinator:  


The coordinator is responsible for all inputs and updated in the Project Plan in Gantt Project. 


Test Manager:  


The Test Manager is responsible for test executions and test documentation.  
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3 Project Introduction 


Production Technology is a project taken on by five mechanical engineering students from 


Buskerud University College in Kongsberg. The purpose of this project is to evaluate production 


models for Kongsberg Protech Systems (KPS).  


3.1 Project Background 


Our employer has developed a new product which is going into production very soon. This is a 


product that is going to be produced in several different locations around the world. Because of 


this, they need to develop a specific production model that they can integrate in all their 


locations, but in different scales. 


The company has several other similar products that are already in production. These products 


are produced based on several Lean tools to make the production as effective as possible. The 


difference between these products and the new one is the size and weight. The old products 


are much smaller and easier to handle, than the new one. Because of this they need to develop 


a completely new assembly process that takes the size and weight into consideration. 


The production process is the backbone in a company and it is vital for the company to 


compete with others. It is very important to have a good and effective production model that is 


fast, safe and effective. These are the factors that make the company able to squeeze the cost 


lower than the competitors and the production rate higher.  


3.2 Problem Description 


We are going to make a main study that evaluates different production models and create two 


concepts for this new product. Taking size, cost and production rate into consideration. One of 


the concepts will handle low rate production and one will handle high rate production. We will 


also look at what is needed of cranes or lifts and other equipment to make the assembly as 


easy and effective as possible. When this is established, we are going to design a production jig 


that we will integrate in our production models 


To be able to produce a good study, we need to learn about production technologies and Lean 


manufacturing. These are tools that are important to introduce to the work environment. This 


will increase effectiveness, quality, HSE and create a good environment for the workers. 


To accomplish this, the group will create two prior studies. One study for production 


technologies and one study for Lean manufacturing. Then we can use these studies as 


arguments for the different choices and conclusions we make in our main study. 


This is a theoretical study and does not need many resources. We can find mostly what we 


need on internet or in the school library. The only expenses might be buying of books and 


printing of the study in different formats. 
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3.3 Project Scope 


The Scope is limited to 5 study credits for the first semester (fall), then 15 study credits for the 


last semester (spring). This is equal to 650 hours of work per group member. There will be a 


higher priority on documentation then in a normal industry. This will give a better basis for 


evaluating the project.  


Project aids: 


Project data storage:  dropbox.com 


Communication:  E-mail, Microsoft Office; Outlook 


Transfer:   Dropbox, USB memory stick, e-mail 


Homepage:   Wordpress 


Simulation Tools:  SolidWorks Simulations 


Documentation Tools: Microsoft Office; Word, Exel, PowerPoint,  


Project planer:  Gantt Project 


Workspace:   Hydraulic lab at BUC facilities and office at KPS  


3.3.1 Budget 


For the project to be executed, there are several expenses for the project group that needs to 


be taken in consideration. As Kongsberg Protech Systems may take care of expenses such as 


printing of project report books, we will list all possible expenses for the project. This budget is 


an estimate for the expenses and do not separate the costs for KPS and the project group. 


There will be no follow-up on this budget for a later account. The budget is shown in Table 2. 


Table 2 - Budget 


Cost Quantity Unit Price in NOK Total NOK 


     


Printing of books 12 piece 200 2400 


Documentation DVDs 10 Piece 5 50 


Poster 2 piece 500 1000 


Office material 1 piece 600 600 


Teambuilding Accessories 5 piece 100 500 


Literature 3 piece 200 600 


Domain/Server 1 Piece 250 250 
     


Sum    5400 
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4 Project Goals 


This chapter describes in detail, the goals of the project, in perspective of all Stakeholders as 


the intern project group, Buskerud University College and the contracting entity. 


4.1 Main goal 


The main goal of the project is to integrate different “lean” tools in the evaluation of production 
methods and to develop concepts for the production jig. The concepts have to fulfill the 
requirements from KPS. 


4.2 Secondary goal 


To achieve our main goal, we have to consider these secondary goals. 


 Acquire knowledge about “lean” tools used in KPS 


 Acquire knowledge about production methods 


 Make requirements specification for the production jig 


 Dimension of jig 


 Proper material selection 


4.3 Process Objectives 


From the group member point of view there is several goals in the working process of the 


project. Followed there is a list of process objectives:  


 Learn to dispose time and resources. 


 Learn to delicate work for a better result 


 Learn to communicate with stakeholder 


 Create a result together in a group 


 Learn to perform in front of a crowd.  
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5 Risk Analysis 


When the project is started, there are risks that can affect the implementation of the project. 


Therefore we identify, assess, manage and eliminate these risks. Here we analyze the risks that 


can affect our project.  


 


Problem-solving 


In the implementation of the project there will be a lot of documentation. If we lose this 


documentation somehow, we will not have anything present or deliver to BUC and KPS. 


Risk Low  Medium High 


Consequence Low  Medium High 


preventive measures Take back up of all documentation on different medias at all times. 


 


Human failure 


Diseases, accidents or death could affect the implementation of the project.  


Risk Low  Medium High 


Consequence Low  Medium High 


preventive measures None. 


 


Project members 


If one or more team members does not do their work, or one of the members quits the study, it 


could affect the project implementation. It could result in more work for the other team 


members. It could also make it impossible to complete the project. 


Risk Low  Medium High 


Consequence Low  Medium High 


preventive measures Make sure good communication in the project group. Varied tasks and 
make a responsibility list for every task.  Regular meetings and follow-up 
document. 
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Contracting entity 


The contracting entity can change or add tasks in the project. This could make it difficult to 


complete the project. The contracting entity can also choose to back out of the project. 


Risk Low  Medium High 


Consequence Low  Medium High 


preventive measures Make an internal contract between the project group and KPS to define the 
project and what we will deliver. 


 


Mentors 


Mentors can be unavailable when guidance and help is needed.  


Risk Low  Medium High 


Consequence Low  Medium High 


preventive measures Send out minutes of meeting in time. 
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6 Project Guidelines and Standards 


This chapter describes in detail, the plan of what to deliver, how and to whom. It also describes 


systems for organizing documents. 


6.1  Elements to be Delivered  


Documentation is to be delivered in different forms and contents for different purposes. 


Deliver: 2012-05-29, 14.00 


 


Intern Sensor: 


One Printed copy is for archival purposes, and is used by the internal sensor. This copy shall be 


complied with in a binder with blue color in 2012 and the project name, number clearly marked 


on the back. This binder will contain a paper record of all important documents on paper and a 


CD / DVD with all the material produced during the project, documentation, time sheets, 


poster, meeting notices and minutes as well as source code and drawings. This CD / DVD are to 


be in a plastic pocket trapped inside the cover.  


Public Library: 


One other Printed copy is for future lending. This copy is bound and contains all that is publicly 


available. The task bound with glued back if it is practicable. If everything is available, this 


version contains the same as the green cover, if such source will not be available to CD / DVD in 


the hard cover binder does not contain source code. The front page of the hardcover binder 


shall be a copy of the examination paper without grades. 


College Archive on Brage: 


One copy shall be delivered as a pdf file that is stored in the college archives, Brage. This copy 


contains the same that is on paper in the bound copy. Pdf file will be delivered on a CD / 


DVD. At the same time delivered a signed agreement on paper. This Agreement is printed and 


signed. "Agreement for publication of student work in Braga (BORA)" is stored on 


http://www.hibu.no/sfiles/64/00/1/file/studentavtale.pdf. The library ensures that the 


agreement will be filed in Ephorte and that the project is registered in the Brage. 


Presentations: 


Each presentation is to be submitted on a CD / DVD in three copies. It includes final 


presentation, the materials and an electronic copy of the posters. (The format poster is made 


of, and PDF.) 
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Poster: 


A project poster is to be delivered for public sight at Buskerud University College. Size of poster 


is 50x70 cm, landscape and includes following items: 


• Formal assignment number and title at the top 
• Project Number 
• Official name 
• Members of the group 
• The project is performed at Buskerud University College, Department of Technology. 


Evaluation Sheet: 


Evaluation sheet is a page of information posted on the front cover page of the blue binder 


copy. It is a supplement to the final submission of five copies. The sheet includes:  


 Project number 


 Project Name 


 Name of company that is contracting 


 Name of the external supervisor.  


 Some lines of summary of the project 


 Three key words of the project 


 Status of availability to the public  


 The name of the project participants, 


 Names of the three sensors at the bottom 
 


Contracting Entity: 


Printed copies with all information including CD/DVD off all work will be delivered as agreed 


with the contracting entity. 


6.2 Requirements for Main Report Documentation  


Table 3 - Main Report Content 


Document Name Description 


Preface Report: To understand the goals of this project and give a detailed overview of 
how the project is planned to be executed. 


Project Plan: Relevant information needed to execute the project. 


Requirement Specification: A list of the specific requirements intern and extern. 


Test Plan/Specification: Identify the strategy that’s going to be used.  


Concept documents:  Several documents about our solution 


End Phase Analysis: Development and concept solution 


After Analysis:   Describes how the project was executed 


Time schedule: Shows the time for every work done 


Minutes: From every meeting, intern and extern. 


Follow-up documents: Appendix of monthly information of progress to internal mentor 


Contracts: All contracts signed between any stakeholders. 
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6.3 Identification (ID) Number System 


The purpose of this ID number is to mapping the documents identifications. 


6.3.1 Main Report 


The project documentation is organized in several individual rapports. Each rapport and its 


progress work have a folder with a number followed by the document name. The Identification 


(ID) Number consists of 4 digitals between 0001 and 9999 and the capital letter “P” or “S”. This 


letter stands for the availability for the document where P stands for Public availability and S 


stands for Sensor. A document marked with “S” will only by available for the Sensors. The two 


first number starts counting documents at “00” as the evaluator sheet. This number is the two 


first numbers in the document identification system. The two second digits is describes the 


documents part. If a document consists of several parts, the second part will be described as 


02, where the fist is 01.  


The first release of Preface Rapport has the ID number 0201P and Iteration Document 0301P. 


This information is to be found in each document in the header.  


6.3.2 Appendix 


Appendix documents has for ID number, the letter “A” followed by four digits, starting on 01, 


and. The appendix is categorized with letters in different fields and types of references and 


extra material.  


6.4 References 


When a reference is used it will be noted after a version of “Harvard Standard”. The references 


will be written as the three following examples:  


1. Aerospace specification metals, AISI 4340 


http://asm.matweb.com/search/SpecificMaterial.asp?bassnum=M434AA  


(Downloaded: 11.11.04) 


2. Matbase.com. Data Table for: Polymers: Commodity Polymers: HDPE 


http://www.matbase.com/material/polymers/commodity/hdpe/properties 


(Downloaded: 11.11.04) 


3. Protex.com. Heavy duty adjustable latch/overcenter fastener/toggle fastener/draw latch 


http://www.protex.com/product/show/name/490-9000!170  


(Downloaded: 11.11.05) 


 



http://asm.matweb.com/search/SpecificMaterial.asp?bassnum=M434AA

http://www.matbase.com/material/polymers/commodity/hdpe/properties

http://www.protex.com/product/show/name/490-9000!170
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Figure 2 - Document Overview 


6.5 Document History Documentation 


All changes after the first release will be noted be the author with change, date and initials.  


Rev.: Describes the revision of the document. A document has the revision “-“, from the first 


relies, until the first approval of a new review of changes or relies. Every approved new review 


of change will have a new counting decimal number, starting from 0.1. Every approved new 


relies will have a new counting number, starting from 1, and count whole digitals.  


Change: Describes with a short note, what and where the changes have been done. 


Date: States the date of approved relies, new relies or new review of change. The date is 


written in the following form: YYYY-MM-DD 
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7 Project Model 


The purpose of project modeling is to divide the main task into phases. Giving you control and 


overview over the project and helping you to divide the work tasks for everyone. 


It is used as a guideline in order to lead a project.  


7.1 Choice of Project Model 


After looking in to the different project model that’s available, we have decided to use the 


project model named Rational Unified Process (RUP) since this project model fits best to our 


type of project. More of this and other project models can be found in appendix C01. 


7.2 Unified process 


The Unified Process is an iterative and incremental development process. Where use cases are 


used to capture the functional requirements and to define the contents of the iterations. Each 


interaction takes a set of use cases or scenarios from requirements all the way through 


implementation, test and deployment. 


The project is divided in four phases:   


1. Inception Phase 


- Establish a case for the project. 


- Establish the project scope and boundary conditions. 


- Identify risks. 


- Prepare a preliminary project schedule and cost estimate. 


 


2. Elaboration Phase 


- Primary goal are to address known risk factors and to establish and validate the system 


architecture.  


- The final elaboration phase deliverable is a plan, including cost and schedule estimates 


for construction phase. 


 


3. Construction Phase 


- Is the largest phase in the project. 


- System features are implemented in series of short, time boxed iterations. Each 


iterations resulting in an executing release of the software. 


 


4. Transition Phase 


- The system is given out to the target users. 


- Feedback received from an initial release. 


- Includes system conversions and user training. 
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Figure 3 - Unified Process 
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8 Schedule 


 


Figure 4 - Gantt Diagram 
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Table 4 - Milestone 1 – 2012-01-11 


ID Task H
al


vo
r 


Sa
n


d
er


 


Ø
rj


an
 


K
n


u
t 


A
n


d
er


s 


A
le


xa
n


d
er


 


1001 First version of Lean Systems Report    P/R P/R  


1002 First version of Production Methods Report  P/R   P/R 


1003 Requirements Specification D/p P/R D P D 


1004 Test Plan D p D D P/R 


1005 Documents Templates P/R     


1006 Web Page   P/R P  


1007 Project Plan  I/p   P/R I 


1008 PPP for 1. Presentation P D p R/p D 


1009 Minutes of Meetings I I P/R I I 


1010 Presentation of Lean and Production Methods  P/R P P D 


1011 Responsibility Matrix D/p   P/R  


1012 Follow-Up Documents    P/R  


2001 List of Stakeholders  P/R  P  


2002 Contact Info/Organization R/p P p p p 


2003 Project Logo P/R     


2004 Define Project Model D D D D P/R 


2005 Risk Analysis  P/R    


2006 Define Project Goals P/R P    


2007 Budget P P/R    


2008 Project Introduction P  P/R   


2009 Guidelines and Standards P/R I I I I 


2010 Schedule for First Semester p  I P/R  


2011 Assemble Pre-Face Report P/R     


 


Table 5 - Responsibility Diagram Descriptions 


P Performer 


p Partly Performer 


R Responsibility 


I Informed 


D Should be Discussed 


1000 = Project Start/Management 


2000 = Pre Face Report 
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9   Abbreviations 


Abbreviation Description 


BUC  Buskerud University College 


KPS Kongsberg Protech Systems 


PDF Portable Document Format 


Rev. Revision 


RWS Remote Weapon Station 


USB Universal Serial Bus 
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1 Introduction 


Production Technology is a Bachelor Thesis taken on by five mechanical engineering students 


from Buskerud University College in Kongsberg.  


The Scope is limited to five study credits for the first semester (fall 2011), then 15 study credits 


for the second semester (spring 2012). This is estimated to 550 work hours per group member. 


There will be a higher priority on documentation then in a normal industry. This will give a 


better basis for evaluating the project. 


The purpose of this project is to evaluate production models for Kongsberg Protech Systems 


(KPS). Kongsberg Protech Systems has developed a new product called Protector Medium 


Caliber that is going into production. To make the production effective they need to develop a 


specific production model that they can integrate in all their locations, and in different 


production scale. 


The company has other similar products that are already in production. In the existing 


production there are used several Lean tools to make the production as efficient as possible. 


The difference between these products and the new one is the size and weight. The existing 


products are of smaller caliber and therefore smaller in size and easier to handle, than the new 


Protector Medium Caliber. Due to the size and weight of the product they need to develop a 


completely new assembly process. The production process is the backbone in the company and 


it is vital for the company to compete with others.  


Our assignment is to make a main study that evaluates different production models and create 


concepts for the production of Protector Medium Caliber. The production is divided into two 


cases with different production rate, where Case 1 handles high rate production and Case 2 


handles low rate production. For both cases, we will consider the need of cranes, lifts and other 


equipment to make the assembly as easy and effective as possible. In the production of 


Protector Medium Caliber there will be a need for a jig or a fixture to hold the product while 


assembling and testing. This jig will be designed in SolidWorks and integrated in our production 


model. 


To be able to make a good analysis, we need to learn about production technologies and Lean 


manufacturing. By learning the basics of these subjects, we will ensure effective manufacturing 


of quality products and a safe and good environment for the workers. To accomplish this, two 


generic pre-studies will be produced as supporting literature. One study for production 


technologies and one study for Lean manufacturing. The two studies will be used as a support 


for arguments for the different choices and conclusions we make in our main study.  


This Bachelor Thesis is a theoretical study and takes form of a written report with drawings and 


illustrations. The sources used are internet, personnel of KPS and literature in form of books. 


Project expenses are literature and printing of reports and poster. 
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1.1 Document Overview 


This document is one of many reports in the Bachelor Thesis 2012-2.    


The Figure below will give an overview and placement of the reports and documents for the 


Bachelor Thesis 2012-2. The textboxes represents documents and the green box is representing 


this document. The Appendix documents are not listed.  


 


 


Figure 1 - Document Relation 


1.2 Document Purpose 


This document’s purpose is to define the requirement specifications for this project. 
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2 Framework Requirements 


The task we are given from KPS is divided in two parts. The first part is a pre-study, where we 


are going to make a study of production technologies and Lean manufacturing. The second 


part is the main study, where we shall evaluate different production concepts and create a 


production concept with two cases for the new product called Protector Medium Caliber 


RWS. Taking size, cost and production rate into consideration. One of the cases will handle 


low rate production and one will handle high rate production. When this is established, we 


are going to design a production jig that will be integrated in our production models. 


2.1 Priority List 


Some of the requirements have different priority. We define the priorities as 


follow:  


A – High priority 


B – Medium priority 
 


C – Low priority 
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3 Requirement Specifications 


Table 1 - Documentation Requirements 


K01 Documentation 


ID Requirement Comments Priority 


K01.1 Document language: English All documents has to be in English A 


K01.2 Report 10 copies of the complete report A 


K01.3 CD/DVD 6 copies of CD/DVD C 


 


Table 2 - Pre-Study Requirements 


K02 Pre Study 


ID Requirement Comments Priority 


K02.1 Find relevant information 
about Lean tools. 


KanBan, 5S, 6S, Pull system, Kaizen, Value 
stream mapping, One piece flow. 


A 


K02.2 Find relevant information 
about production methods. 


Make a study of different solutions to start 
up a new production. 


A 


 


Table 3 - Production Layout Requirements 


K03 Production Layout 


ID Requirement Comments Priority 


K03.1 Production concept shall result in producing 


one product per week. 


 A 


K03.2 Production concept shall result in producing 


one product per day. 


 A 


K03.3 Production has to be ESD safe.  A 


K03.4 The product must be able to be tested at all 


steps in the production. 


This req. is replaced by 


req. K03.18 


A 


K03.5 Production area should not exceed 900 m2
 900 m2 is available today. B 


K03.6 Lifting device should withstand at least 


5000 kg. 


 A 


K03.7 Distance to ceiling shall be at least 6 meter Lifting device for lifting 


5000 kg, 6m high. 


B 
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K03 Production Layout 


ID Requirement Comments Priority 


K03.8 Develop cost models for the production 


models, in relation to production rate, one 


per day/one per week. 


 A 


K03.9 All models shall be generic. Be able to be used with 


changes. 


A 


K03.10 Hand tools shall always be available.  Always on hand. A 


K03.11 Test equipment shall always be available. Always on hand. A 


K03.12 Parts to be assembled shall always be 


available. 


Always on hand. Logistic 


and grouping of parts.  


A 


K03.13 At least 1.5 persons on every assembly 


station. 


 B 


K03.14 No more than 2 persons on every assembly 


station. 


 B 


K03.15 No more than 1 person on every test 


station. 


 A 


K03.16 FAT test shall be executed separately from 


production. 


 A 


K03.17 There shall be at least one backup station. For troubleshooting. A 


K03.18 All parts shall be tested in IHT.  B 


K03.19 6 effective work hours per day  B 


K03.20 7.5 salaried hours per day  C 


K03.21 The product must be reachable for a lifting 


device from above. 


 A 


K03.22 The backup station must have extra space 


for test equipment. 


For troubleshooting. B 
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Table 4 - Production Jig Requirements 


K04 Production Jig 


ID Requirement Comments Priority  


Test  Assem.  


K04.1 The jig has to be ESD safe.  A B 


K04.2 The jig shall withstand at least 3000 kg. Replaced 


with K04.14 


A A 


K04.3 The product must be reachable for a lifting device 


from above during all operations of the jig. 


Replaced 


with K03.21 


A A 


K04.4 The product must be reachable on the jig, for 


assembling of parts. 


 A A 


K04.5 The product must be reachable from underneath 


the jig. 


 B A 


K04.6 The product has to be able to be tested on the jig.  A NA 


K04.7 The jig must withstand a full stop from full rotation 


at 90 degrees/sec, in 0.5 sec when rotating testing. 


 A NA 


K04.8 The jig needs a crawl opening underneath the 


product at minimum 140 cm. 


 B  A 


K04.9 No part of the jig shall obstruct the nut gaps of the 


main frame. 


 A A 


K04.10 No parts of the jig shall obstruct the rotation and/or 


elevation of the product. 


 A A 


K04.11 The jig shall be made with a minimum risk of clamp 


danger. 


 A A 


K04.12 The jig shall be made in a height for ergonomically 


use. 


 B B 


K04.13 The jig shall not be able to tip.  A A 


K04.14 The jig shall withstand a weight of 6560 kg.  A A 
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4 Abbreviations 


Table 5 - Abbreviations 


Abbreviation Description 


Assem. Assembly 


BUC Buskerud University College 


ESD Electro Static Discharge 


ID Identification 


IHT In house test 


KPS Kongsberg Protech Systems 


NA Not Applicable 


req. Requirement 


RWS Remote Weapon Station 


Rev. Revision  


Sec Second 
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1 Introduction 


Production Technology is a Bachelor Thesis taken on by five mechanical engineering students 
from Buskerud University College in Kongsberg.  


The Scope is limited to five study credits for the first semester (fall 2011), then 15 study credits 
for the second semester (spring 2012). This is estimated to 550 work hours per group member. 
There will be a higher priority on documentation then in a normal industry. This will give a 
better basis for evaluating the project. 


The purpose of this project is to evaluate production models for Kongsberg Protech Systems 
(KPS). Kongsberg Protech Systems has developed a new product called Protector Medium 
Caliber that is going into production. To make the production effective they need to develop a 
specific production model that they can integrate in all their locations, and in different 
production scale. 


The company has other similar products that are already in production. In the existing 
production there are used several Lean tools to make the production as efficient as possible. 
The difference between these products and the new one is the size and weight. The existing 
products are of smaller caliber and therefore smaller in size and easier to handle, than the new 
Protector Medium Caliber. Due to the size and weight of the product they need to develop a 
completely new assembly process. The production process is the backbone in the company and 
it is vital for the company to compete with others.  


Our assignment is to make a main study that evaluates different production models and create 
concepts for the production of Protector Medium Caliber. The production is divided into two 
cases with different production rate, where Case 1 handles high rate production and Case 2 
handles low rate production. For both cases, we will consider the need of cranes, lifts and other 
equipment to make the assembly as easy and effective as possible. In the production of 
Protector Medium Caliber there will be a need for a jig or a fixture to hold the product while 
assembling and testing. This jig will be designed in SolidWorks and integrated in our production 
model. 


To be able to make a good analysis, we need to learn about production technologies and Lean 
manufacturing. By learning the basics of these subjects, we will ensure effective manufacturing 
of quality products and a safe and good environment for the workers. To accomplish this, two 
generic pre-studies will be produced as supporting literature. One study for production 
technologies and one study for Lean manufacturing. The two studies will be used as a support 
for arguments for the different choices and conclusions we make in our main study.  


This Bachelor Thesis is a theoretical study and takes form of a written report with drawings and 
illustrations. The sources used are internet, personnel of KPS and literature in form of books. 
Project expenses are literature and printing of reports and poster. 
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1.1 Document Overview 
This document is one of many reports in the bachelor Thesis 2012-2.    


The Figure below will give an overview and placement of the reports and documents for the 
Bachelor Thesis 2012-2. The textboxes represents documents and the green box is representing 
this document. The Appendix documents are not listed.  


 


 


Figure 1 - Document Relation 


1.2 Document Purpose 
The purpose of this document is to give an introduction to the principals of lean thinking with 
some of the most used lean tools. These principals will be useful for the reader of this thesis to 
understand the conclusions we made in the main reports; Production Layout and Jig Report. 
This document is a result of a study we did to get an understanding of lean thinking, which is 
not only crucial for our thesis, but also a requirement from KPS and thereby a part of our thesis. 
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2 Lean Introduction 


Lean manufacturing is a method that is used by many companies around the world. It helps 
them in locating and eliminating things and operations in their production that isn’t useful, and 
wasting time and money. 


KPS has used Lean in their production for many years now and are very satisfied with it. This is 
why they sat a requirement that we should use lean as a tool to develop the production line, 
(Requirement K02.1). This report gives us a deeper understanding of the subject and we can 
use it as reference later in our assignment. 


Lean is not only a way of thinking but also a set of tools, to put the theory into practice. We 
have therefore collected and elaborated some of these tools. Lean is not necessary connected 
to production methods alone, it is also adapted to logistics and distribution, services, retail, 
healthcare, construction and maintenance. We have not looked at all the tools since not all of 
them are suited for the production part of the business. We have chosen the tools that are 
used at KPS and some we thought was relevant to our assignment. This is done in collaboration 
with KPS. The chosen tools are: 


• 5S 
• 6S 
• Kaizen 
• Push-pull 
• Kanban 
• Poka Yoke 
• Value Stream Mapping 
• One Piece Flow 


In chapter 5 of this document there are a usage matrix, which can be used to find the right lean 
tool based on the current problem. 
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3 History of Lean 


 
Figure 2 - Ford Assembly Line [1] 


In the beginning of 1900, Ford Motor Company developed the first assembly line (Figure 2). An 
assembly line is a process in which parts are added to a product, using optimized logistics to 
create a finished product, much faster than with hand-crafted methods. The only problem was 
that this strategy was not very fit for changes. Annually change in models and colors, 
demanded a more flexible system. 


In 1948 some of the employees from Toyota started to study the American production 
methods, especially the Ford System. They found out that the American systems were built 
around a single, never changing product. It did not cope well with multiple, or new products. To 
solve this, the Japanese developed a method called “Toyota Production System”. This system is 
based on two concepts.  


The first is called “Jidoka” which can be loosely translated into “automation with a human 
touch”, which means that if there is a fault in a product, the machine stops to prevent further 
damage. This insures good quality in every product (Figure 3). 


 
Figure 3 - Jidoka [2] 
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The other concepts are called “Just-in-Time”, which means, making only what is needed, when 
it’s needed and in the amount needed. This system makes sure products are produced 
efficiently and with complete elimination of waste. 


This introduced a flexibility that the Americans did not think they needed. But when the Toyota 
Production System spread to other company’s and the productivity and quality gains became 
evident, they travelled to Japan to study their system. 


In 1990 James Womack, Daniel Roos and Daniel T. Jones wrote a book called “The Machine that 
changed the World”. This book was a study of automobile manufacturing in America, Japan and 
Europe. In this book he introduced new phrase called “Lean Manufacturing”. In 1996 Womack 
and Jones released another book called “Lean Thinking” where they presented these 5 
principles: 


1. Specify the value desired by the customer. 
2. Identify the value stream for each product providing that value and challenge all of the 


wasted steps (generally nine out of ten) currently necessary to provide it. 
3. Make the product flow continuously through the remaining value-added steps.  
4. Introduce pull between all steps where continuous flow is possible.  
5. Manage toward perfection so that the number of steps and the amount of time and 


information needed to serve the customer continually falls.  


Today Lean continues to spread throughout the world. It is also adapted to logistics and 
distribution, services, retail, healthcare, construction and maintenance. 


[3][4][5] 
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4 Lean Tools 


The basic of Lean production is elimination of waste in the form of non-profit operations. This 
gives no profit neither for the costumer nor the owner. For the costumer, it is important to 
know that the price he paid represent the quality of the product or service. The quality is then 
not necessary just the final product, but the whole process from A to Z. As of this we 
understand that it is the costumer view of the system that is a main goal to improve to the best. 


From the Lean theology, and other similar production improvement systems, there are some 
main tasks that we want to consider improving for the reduction of waste. This is referred to as 
the seven wastes: 


1. Too large production rates  
2. Unnecessary inventory  
3. Movement of workers 
4. Movement materials and products 
5. Reduction of down-time 
6. Unnecessary failures, extra work or rework 
7. Unnecessary production methods (improvement of unnecessary work tasks) 


To improve production factors like these are not necessary special for lean, but to use the 
output from analysis of the factors above in a system with new “tools”. This should result in a 
new way of running the business, a new culture. This is the Principe of lean production. 


The above mentioned factors can be split into a lot of subfields. Reduction of movement should 
not just benefit the workers, but also be a reduction in transportation fields. Every move takes 
time and cost money. It is also a higher risk for failure or stop in the process due to a lot of 
handling. If the process can be done in another way to reduce this factor, it will certainly 
benefit the production system. 
 


Too large production rates leads to an unnecessary large storage of products at the end of the 
chain. It might also affect other parts of the production line, like too large inventories. It is not 
necessary to produce anything before the needs occur. It should also be a controlled system, 
were the inventories at all time consists of the parts needed to complete the product, and 
nothing more. If the product has a lot of varieties, it should not be more parts in the inventory 
than the parts needed to complete one of the different product options. When the parts are 
taken from the inventory, it should be replaced as soon as possible for the next assembly.   
The reduction of down-time is an important aspect. Down-time can occur as a result of failure, 
damages or maintenance. This means that it is not just important to look at failures, and their 
source, but also improvement of maintenance routines.  
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4.1 5S 
As mentioned above we need to change the culture in the whole organization. With a change in 
the culture these factors can be improved continuously and not just after a one-time analysis. 
To implant this culture we need some tools. A tool developed for this is called “5S”. This is a 
system for a “clean” production with main goal of orderliness and clarity in the whole system. 
The fundamental of lean production is that it will result in more effective production. Untidy 
work areas are not productive. Tidy areas will affect workers in a positive way; naturally they 
will spend more attention and this result in a higher care of the production. It is not just the 
cost-savings that is in interest. We also want to develop a safe and cleaner work environment. 
Untidy work areas are not productive. 


The 5 S’s stands for the 5 Japanese words: Seri, Seiton, Seiso, Seiketsu and Shitsuke. This is 
often referred to as Sort, Straighten, Shine, Standardize and Sustain (Figure 4). 


 
Figure 4 - 5S, Illustration [6] 


Seiri - Sort:  
The first part of the 5S’s is often referred to as “sort”, “systematization” or “simplify” in English. 
As the words describe, the principal is to get a good system in each area or at each workstation. 
Tools or other items that is unnecessary held at a workstation, or is missing from a workstation 
leads to problems. It is also necessary to define good workstations at several areas of the 
production (line). One large or several medium sized areas, for tools and other items for the 
production, is not good in the way of an effective production.  
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The reasons might be: 


- Time loss: Unnecessary use of time in searching for equipment is waste of time. If tools 
or equipment is missing from the storage, the time consumption is even larger. This can 
be the case if multiple people are using it at some point of the production. 


- Calibration problems: If the tools are missing when this routine is preceded, it might be 
a lack of calibration. 


- Safety problems: A large area with multiple users might lead to untidiness; this can 
result in dangerous situations if people are falling over things. 


- Communication problems: Large areas with equipment make it difficult for people to 
communicate and move around. 


To define good workstations we need to look critical at it. Equipment that is held unnecessary 
should be removed, so we only got what we need, and nothing else. One way of doing this is to 
let the users of the equipments write a note each time it is in use. We can then make a simple 
system at the work station. The most common used items should be more visible with easier 
access, and the items that are used recently should be removed for a tidier work space. It is no 
problem if the operator needs to get a short walk to a small, common tool area once a month 
to pick up a specific tool. Especially if this is a larger tool that make the workstation 
unsystematic. 


Seiton - Stabilize:  
This step is a continuing of the above mentioned step, sort. Seiton can be translated to 
“orderliness”, “stabilize” or “straighten”. After the sort process at the workstations, it is 
necessary to organize it. As we can see inn Figure 4 it is important to get a good system, such as 
a good layout of the workbench. One solution can be name tagging, painted racks and painted 
tools. In this way everyone knows where it belongs. This is though just one part of it. Seiton also 
includes the standardization of how things should be done, with what equipment and where in 
the facility. Seiton might lead to relocating of machines and equipment for a smoother and 
more effective production. Standardization of documentation, drawings etc. are also a way of 
running more efficient.  


Seiso - Shine:  
As mentioned earlier a clean work environment results in a happier work environment, which 
leads to a more productive production. It is therefore important to keep it tidy at all times, this 
also means that equipment should be cleaned and prepared for the next user after the usage of 
it. Dirty equipment and work areas could also affect the failure rate for the product. For 
example if the product reacts of some chemicals at the tool. It is also important for safety and 
health issues. Breathing in dusty areas is no good for health; neither is getting chemicals 
directly onto skin because the tools are not well cleaned. To get this routine running, it is 
important that someone is in charge of it. It should also be clear who is doing it, when and how. 
Inspections could be a great way of continuously improve this part. 
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Seiktsu - Standardize:  
This step could be defined as “standardized clean-up” or just “standardization”. This is not the 
same as the second step, Seiton. The purpose is actually to “control” that the first three steps 
are in continuously improvement. In cases with implementation of new techniques of running 
the production it is often a danger in things going back the way they were before. This danger is 
especially if the management moves on to another field. Seiktsu is techniques to prevent this 
from happening. These techniques are usually referred to as the “5S job cycle” because the idea 
is to re-visit all the steps at a regular basis. It is a good advice to use an external controller 
person, and a predefined “check list” with key criteria. All employers’ needs to know exactly 
their responsibilities (standardized) to prevent the first 3S’s from failing.  


Shitsuke - Sustain:  
Shitsuke,”sustain” or ”discipline” is like Seiktsu maintenance of the 5S system. As Seiktsu 
introduce some kind of program for the employers to follow, a standardized list of 
responsibilities, the 5 element focus is to make people want to do this. Discipline should then 
not be considered as some kind of forced set of rules, which will end in penalties if they are not 
followed. The company needs to do the right things, so the employees will be stimulated to use 
this system, and not just follow it one way or another, because they have to. This is of course 
not an easy task, and the right way of doing it depends on several things like culture. There are 
though some kinds of key points: 


- Communication: People need to get information like why they are doing this and what 
purpose it makes. 


- Education: Everyone needs to understand the system fully. 
- Rewards:  Positive feedback after success (should be measured often) is a way of 


keeping people interested. 
- Time: If we want a task to be done, for example a standardized clean up of a machine 


five minutes before another shift starts. We need to set time for this, and not think we 
can produce the same amount as before. 


- Structure: If people don’t know fully their responsibilities and task, misunderstandings 
can lead to a negative attitude.  
 


[7][8][16] 
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Figure 5 - 5S, Map [9] 


 


4.2 6S 
6S is just like 5S with an extra part which is safety. This is something that is implemented in the 
5S routine at several companies after 5S is adopted. This part of safety is just the same as the 
well known term HSE (health, safety and environment). The only difference is that it might be 
easier to implement safety in the daily routine if it is a part of the 5S system. Safety is 
everything from accessible fire exits, protection wear to “fool proof”-systems within the 
production. All safety aspects is basically like Poka Yoke, a system to avoid peoples doing what 
they are not supposed to do, regardless whether it is due to stress or dumbness. Accidents do 
occur, and it is the benefit of all that the effects of them are as small as possible.  
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4.3 Kaizen  
Kaizen is Japanese for «improvement» or «change for the better». Improvement can be the 
ultimate way of assure good quality. Kaizen is a philosophy that has focus on improving 
processes in manufacturing, engineering and other types of management. This is a philosophy 
that involves all employees in the company from the assembly line workers to the CEO. It also 
applies to purchases and logistics processes.  


Kaizen is a daily process, which the purpose goes beyond increasing efficiency. Aside from 
productivity, it aims to provide a healthy work environment for employees in all levels. This will 
result in an organized and creative working force that will increase service to the consumers. 


In essence the workers will speak up or ask questions if there is something they don’t like, are 
skeptical to or don’t want to change. In this way, problems can be discovered before it is too 
late. This can also make the production easier for the workers and much more efficient. 


The cycle of Kaizen activity can be defined as: 


• Standardize an operation and activities.  
• Measure the standardized operation (find cycle time and 


amount of in-process inventory). 
• Gauge measurements against requirements. 
• Innovate to meet requirements and increase productivity.  
• Standardize the new, improved operations. 
• Continue cycle. 


[11][12][13] 


"One of the ways Toyota has reduced costs in their lean program was commonality of parts," he 
said. "Well, if that part has a problem, then it affects many more models. If they'd been using a 
lot of different gas pedals for these models, and they had problems with one, they wouldn't 
have to shut down the company."That's why humans aren't lean." Blanton said. "It's a 
Darwinian thing. The purpose of fat is to carry you over periods when you don't have food." 
Still, most U.S. companies seem to believe the rewards of lean production outweigh the risks.  


[14]  


4.4 Push - Pull System 
The Push – Pull System describes the flow of product and information between the producer 
and the buyer. In the «Push» you will make a large quantity of your product and place it in a 
storage facility. This quantity is estimated from long term forecasts, based on past orders.  In 
this way the customer will get his product right away and does not have to wait for it to be 
produced.  The problem with this system is that you will have a lot off expenses in storage and 
if the demand from the customers fails you will have a lot of products that you already have 
made that you can’t get rid of. 


Figure 6 - Kaizen, Change for the Better 
[10] 
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The pull system is based on a need or demand from the customer. This means that the 
customer will express his/her need for your company. What he wants and how he wants it 
made. Then you can produce the product in just the right amount and specification. This will 
result in a very small storage quantity, no waist and a more Lean production. 


[15]  


4.5 Kanban 
Kanban, in Japanese, means “card”, “billboard”, or “sign”. The term is often used synonymously 
for the card itself and the material flow system developed by Toyota Production System. 


Kanban is a tool to create a “pull” of material or information in the system. External Kanban 
regulates the flow from the suppliers or customers and internal Kanban regulates the flow 
within the factory. Kanban is a signaling system that indicates the need of material. This can be 
done with signaling cards or with empty boxes. In this way it lets the preceding process know 
when it withdraws a part, allowing it to reproduce or reorder that part. Parts are not produced 
or reordered by schedule or by estimates, but only when the Kanban card says to do so. This 
makes you able to reduce your inventory (See Figure 7). 


When a production line is designed and balanced, Kanban is introduced. It’s the last step in the 
standardization and control of a process and lets the downstream processes withdraw items 
from the upstream processes. The upstream processes produce only what is withdrawn and 
makes sure that only defect free products are sent. [16] 


 
Figure 7 - The Pull of Material in a System [17] 
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4.6 Mistake proofing Poka Yoke 
Poka Yoke was developed by Shiego Shingo and is Japanese for “defect proofing” or “error 
proofing”. A poka yoke is any mechanism that helps an equipment operator avoids mistakes. Its 
purpose is to eliminate product defects by preventing, correcting or drawing attention to 
human errors as they occur. This can be done at every step of a process where something can 
go wrong. Either the operator is alerted when a mistake is about to be made, or the poka yoke 
device actually prevents the mistake from being made. Examples of this can be to make sure 
that two parts only fits the right way, have visible signs that shows clearly how the machines 
are operated, or a warning light when the operator is using the equipment wrong. 


There are three types of poka yoke: 


1. A contact method identifies product defects by testing the product shape, size and 
color. 


2. A fixed-value method alerts the operator if a certain number of movements are not 
made. 


3. The motion step method determines if the described steps of the process have been 
followed. 


If appropriate poka-yokes are implemented, then mistakes can be caught quickly and 
prevented from resulting in defects. By eliminating defects at the source, the cost of mistakes 
within a company is reduced. 


 
Figure 8 - Poka-Yoke, Comic Illustration [18] 


 [19][20]   


 


4.7 Value Stream Mapping 
The main purpose of value stream mapping is to visualize and then eliminate waste connected 
to the value stream. Waste being any activity that does not add value to the final product. The 
process itself makes the material and information flow of the product more visual for all 
personnel involved in the process. In order to this, the Value Stream Mapping method visually 
maps the flow of materials and information from the time products come in the back door as 
raw material, through all manufacturing process steps, and off the loading dock as finished 
products. 
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The value-adding steps should be drawn across the centre of the map and the non-value-adding 
steps be represented in vertical lines at right angles to the value stream. By separating the 
value-adding steps and non-value-adding steps, the visualization and elimination of waste 
becomes much easier.  


To see all aspects of the flow, the team of personnel making the map should be made up from 
production, material and quality department. It also important to share the map with everyone 
connected to the process in the factory, to get as much useful feedback as possible. With a 
good visualization, it is easier to see the big picture. 


Mapping out the activities in the manufacturing process with cycle times, down times, in-
process inventory, material movement, information flow paths, helps to visualize the current 
state of the process activities and guides towards the future desired state. 


The process usually includes the physically mapping of the “Current State” while also focusing 
on where you get to. Another focus is the “Future State” map, which can serve as the 
foundation for other Lean improvement strategies. 


[16] 


 
Figure 9 - Value Stream Mapping, Example [22] 
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4.8 One Piece Flow 
One piece flow or continuous flow is all about flow in the production line. This is crucial to get 
what we call just-in-time manufacturing, which is a pillar of lean production system (or the 
Toyota production system). This means that the right parts should be finished and available 
when they are needed and in the right amount for the next step in the production line. It is 
desirable to avoid any work-in-progress (WIP) between each operation, either with one piece or 
a small batch at a time. We want a continuous flow with parts being moved step by step. To get 
a clearer picture of what this really means, we can compare it to a traditional production 
layout. In a traditional layout the parts are moving from one step to another in batches with 
little relationship between each manufacturing step. Each step is controlled individually with 
their own schedule. Therefore two or more products can be made in parallel (see Figure 10). 


 
Figure 10 - Functional layout [21] 


Functional layout will result in several disadvantages: 
- Large amount of waste if a defect is found in the production (whole batch). 
- Long manufacturing lead time (time before customer gets his product from ordering it). 
- Poor on-time delivery (large batches finished at same time). 
- Lots of finished stock items to compensate (buffer of inventory). 
- Large amount of WIP (leads to time spent on waiting). 


To achieve a one piece flow, we need to connect the flow and make a relationship between 
each step of the process. This can more easily be achieved with a cellular layout of the 
production line, where each station has all the necessary equipment within (part of 5S). See 
Figure 11. 


 
Figure 11 - One Piece Flow [21] 
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When implementing a one-piece flow it is important to determine all the work elements and 
the required time, in detail. Then we should consider if the workstation/cell can meet the takt 
time, based on the equipment presentable. This should include changeover times, load and 
unload times and downtime as well. Takt time is net work-time available per shift without 
breaks, briefing, maintenance, etc. divided on customer demand in units. The next step is to 
create a good lean layout based on the earlier mentioned 5S tool (remove unnecessary 
equipment and relocate equipment/materials in an organized way). The space within a cell 
should be limited to prevent unwanted motion waste and WIP congestion. 


U-shaped cells (Figure 11) are preferred, but if the space on factory floor makes it impossible, 
an S-shape could be a substitute. As a final task, each cell should be standardized (part of 5S) 
with detailed work-descriptions for each operator. The amount of operators should be 
determined for each cell, and this might lead to an inconvenient number e.g. 3.6 operators. 
This can be solved by Kaizen or by relocate operations. By implementing a one piece flow it 
should be possible to reduce inventory levels, reduce manufacturing lead time, and improve 
customer service levels. 


However, there are some issues that make it difficult to implement a one piece flow:  


• Quality issues in product line. 
• Much variation in process time. 
• Downtime on equipment (it should be close to 100 % uptime). 
• Issues by scaling processes to takt time. 


 


A way to improve the flow with one piece flow anyway, is to implement one piece flow in 
several parts of the whole production line.  
[16][21] 


 


 


 







0601P Lean Report 2012-05-21 
Rev.: 2 Bachelor Thesis 2012-02 Page 21 of 27 
 


© BUC, Kongsberg, Production Technology  
 


5 Usage Matrix 


This usage matrix is used to find the right tool based on the current problem. There exists 
several matrices today depending on the literature, this matrix is based KPS own matrix.  


 
Figure 12 - Usage Matrix 
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6 Lean strategy 


This lean report discusses different lean tools, which can be convenient to use in the direct 
planning of the production layout. On the other hand, it is important to understand the ground 
principals of lean thinking to use the tools in the right way. It is also important to understand 
the ground principals to get a lean layout. The tools alone will not result in a lean production 
layout. To get a better understanding of the lean principals we will start with defining some 
terms. 
 
Flow units 


A flow unit can be one of three things: 


1. Material: The direct flow of a material can be the flow of units who end up as an 
assembled product. 


2. Information: The direct flow of information can be flow of papers from the 
administration to the production area. For example a status report.  


3. People: The flow of people can be connected to the flow when a human is given value 
added activities like a hospital visit where the person is “flowing” through the different 
departments. 


Circulation Rate:  
Circulation rate refers to the amount of hours before a flow unit completes one cycle of the 
planned process. The boundaries of the circulation rate are defined as the time required 
completing a function, job or task from start to finish. 


Value adding activities / not value adding activities:  
This is an activity that adds value to the flow unit throughout the process or through the 
circulation rate. If the flow unit is a person who is going through a process on the hospital, 
value adding activities can be appointments with the different specialist and the time spent in 
the waiting area is not value adding activities. For a material a value adding activity can be 
direct production. Not value adding activities can be lifting, storage or transportation between 
different areas of production. It is also important to separate between direct and indirect value 
adding activities. 


Direct / indirect value adding activities:  
Direct value adding activities is the main purpose of the process, all activities that results in a 
direct result. For the person at the hospital the direct value adding activities is the result from 
the test or conducting of the test itself. While the indirect value adding activities can be the 
experience itself, e.g. the conversation with the doctor. For a material as the flow unit the 
direct value adding activity can be the assembly process, and the indirect value adding activity 
can be a feedback to the costumer of where in the process the product is. For a workshop, the 
repair itself is direct value adding activity for the flow unit, but if the workshop is cleaning the 
flow unit after the repair, this is an indirect value adding activities.   
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Cycle time:  
Cycle time is the average time between two units exits the process. 


Takt time:  
Takt time refers to the tact between two flow units exits the process. This is calculated by 
dividing net time available to work by number of units. 


Flow efficiency:  
Flow efficiency defines the amount of time which is value adding in relation to the production 
time (Circulation rate). Time for transportation and waiting will decrease the efficiency because 
this is not adding value to the flow unit, but increases the time to produce the product. This can 
be calculated by dividing the time of value adding activities by circulation rate.  


It is not possible to accomplish both 100% flow efficiency and 100% resource efficiency. The 
variation of the products will also affect the relationship between circulation rate and resource 
efficiency as we can see in Figure 13 below: 


 
Figure 13 - Circulation rate vs. Resource efficiency 


Resource efficiency:  
Resource efficiency defines how efficient resources can be used. This means that if every 
resource is 100 % in use at all time, the resource efficiency is 100 %. If a product is stored at 
several stages before it will be given a value adding activity to give the worker 100 % up time, 
and the opportunity to always have a product to work on, the resource efficiency will be 100 %, 
but the flow efficiency will be lower. Even with good planning to accomplish a great use of 
resources, the resource efficiency will not be 100 % if the main purpose of the business is to 
have a low circulation rate. This is because the planning itself is waste of resources that we 
don’t need otherwise, the time spent for each worker to put themselves into a new work 
situation (or walk between them) will also decrease the resource efficiency.  
100 % resource efficiency or 100 % flow efficiency is therefore two different strategies. See 
Figure 14 below. 
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Figure 14 - Efficiency Strategies 


Summary:  
With these terms we can define lean. Lean is not just a set of tools that can be implemented in 
the business to achieve a better result. It is a common misunderstanding that everything that is 
good for the business is lean, and lean is everything good. If this were the case, what is then the 
alternative? Lean is a business strategy that focuses on 100 % flow efficiency, at the expense of 
recourse efficiency. With this in mind we can look back at the elimination of seven wastes:  


1. Too large production rates  
2. Unnecessary inventory  
3. Movement of workers 
4. Movement materials and products 
5. Reduction of down-time 
6. Unnecessary failures, extra work or rework 
7. Unnecessary production methods (improvement of unnecessary work tasks) 


With the right focus on constantly removing waste, as of elimination of time consuming and 
unnecessary tasks in the process that only increases the circulation rate; the business is having 
a lean strategy. The above mentioned tools is developed by Toyota Motor Company and are 
therefore customized for their business model and can therefore not directly be applied to 
other companies without adopting their specific goal. [23] 
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1 Introduction 


Production Technology is a Bachelor Thesis taken on by five mechanical engineering students 
from Buskerud University College in Kongsberg.  


The Scope is limited to five study credits for the first semester (fall 2011), then 15 study credits 
for the second semester (spring 2012). This is estimated to 550 work hours per group member. 
There will be a higher priority on documentation then in a normal industry. This will give a 
better basis for evaluating the project. 


The purpose of this project is to evaluate production models for Kongsberg Protech Systems 
(KPS). Kongsberg Protech Systems has developed a new product called Protector Medium 
Caliber that is going into production. To make the production effective they need to develop a 
specific production model that they can integrate in all their locations, and in different 
production scale. 


The company has other similar products that are already in production. In the existing 
production there are used several Lean tools to make the production as efficient as possible. 
The difference between these products and the new one is the size and weight. The existing 
products are of smaller caliber and therefore smaller in size and easier to handle, than the new 
Protector Medium Caliber. Due to the size and weight of the product they need to develop a 
completely new assembly process. The production process is the backbone in the company and 
it is vital for the company to compete with others.  


Our assignment is to make a main study that evaluates different production models and create 
concepts for the production of Protector Medium Caliber. The production is divided into two 
cases with different production rate, where Case 1 handles high rate production and Case 2 
handles low rate production. For both cases, we will consider the need of cranes, lifts and other 
equipment to make the assembly as easy and effective as possible. In the production of 
Protector Medium Caliber there will be a need for a jig or a fixture to hold the product while 
assembling and testing. This jig will be designed in SolidWorks and integrated in our production 
model. 


To be able to make a good analysis, we need to learn about production technologies and Lean 
manufacturing. By learning the basics of these subjects, we will ensure effective manufacturing 
of quality products and a safe and good environment for the workers. To accomplish this, two 
generic pre-studies will be produced as supporting literature. One study for production 
technologies and one study for Lean manufacturing. The two studies will be used as a support 
for arguments for the different choices and conclusions we make in our main study.  


This Bachelor Thesis is a theoretical study and takes form of a written report with drawings and 
illustrations. The sources used are internet, personnel of KPS and literature in form of books. 
Project expenses are literature and printing of reports and poster. 
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1.1 Document Overview 
This document is one of many reports in the Bachelor Thesis 2012-2.    


The Figure below will give an overview and placement of the reports and documents for the 
Bachelor Thesis 2012-2. The textboxes represents documents and the green box is representing 
this document. The Appendix documents are not listed.  


 


 


Figure 1 - Document Relation 
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1.2 Document Purpose 
In this document we will have a closer look on various types of production and how a new 
production process is planned. 


One definition of a process can be “any transformation that converts inputs to outputs”. By 
means, in an organization, a process can be a single step in the production, the whole 
production or any other part of the organization that produce some kind of work. In our study 
we will focus on the process of producing physical goods which we will call process planning. 


 


Inputs                           Outputs 


 


Figure 2 - Process 


  


The main goal of this study is to get knowledge about how the planning of a new process is 
executed and which factors that affects the design of the process. This is a requirement from 
KPS (Req. K02.2). This document will be used as a reference in our main study, when we 
develop our production concepts.  


 


    Process 
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2 Process Planning  
When the design engineers have designed the product, assembly and work drawings of the 
components are made. The process planners can determine how the requirements of the 
product will meet the specifications mentioned in the part drawing.  


Process plan is the detailed instructions for making a part or a component. It includes such 
information as the operations, their sequence, machines, tools, dimensions, tolerances, 
inspection procedures and time standards e.g. cycle time.  


Process planning is determination of the processes and sequence of operations required to 
make the product. It consists of devising, selecting and specifying processes, machine tools and 
other equipment to transform the raw material into finished product to satisfy the 
requirements of the drawings. 


The purpose of process planning is to determine and describe the best process for each job so 
that: 


1. Specific requirements are established for which machines, tools and other equipment 
can be designed or purchased. 


2. The efforts of all engaged in manufacturing are coordinated. 
3. A plan is made to show the best way to use the existing or proposed facilities. 


 


 


  


Figure 3 - Process Planning [2] 
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2.1 Steps Involved in Process Planning  
The following steps are involved in carrying out the process planning manually.  


1. The finished product is analyzed so that its sub-assemblies and individual components 
are identified from manufacturing point of view. 


2. Prepare a Bill of Materials (BOM) for all components of the product which forms a basis 
for purchase of raw materials. 


3. Decide which parts are to be manufactured in the plant and which parts are to be 
purchased from the market depending upon the facilities available in the plant, in 
example decision with regard to “make” or “buy” to be taken. 


4. Choose the appropriate blank size in example raw material size and select the most 
economical process to be followed to manufacture components of the product. This is 
done by comparing the various possible methods of obtaining the final product. The 
basic factors of volume to be produced, in example production quantity, required 
quality of the product and the capabilities of the equipment available are carefully 
considered in this step. 


5. Decide the sequence of operations to be performed on each component in the process 
selected. 


6. Each operation is assigned to the type and size of machine or work station that will 
perform the job most economically. 


7. Depending upon the accuracies called for by the drawings; determine the machine tools 
to do the operations. 


8. Determine the need for any special equipment like jigs, fixtures, cutting tools etc. 
9. Determine the inspection stages and instruments required and the need for designing 


any inspection devices (gauges, etc.). 
10. Estimate the standard time for performing the job. 
11. Determine the type of labor (skilled, semi-skilled or unskilled) required doing the job. 


Process planning has been traditionally carried out by methods engineers, 
manufacturing engineers, industrial engineers or by process planners. 


2.2 Process Planning Sheet  
The information determined by the process planning is recorded in a tabular form in a sheet 
called process planning sheet. This document is provided to the manufacturing personnel for 
their use. The character of this sheet will vary for different organizations depending upon the 
production conditions and degree of details required. In general the following data is listed for 
each component of the product in the process sheet.  


1. Information regarding the main product, of which the component being manufactured 
is a part, in example name and part number of the main product. 


2. Name, part number, drawing number of the component and number off e.g. number of 
components required per product. 


3. Information concerning the blank e.g. raw material used, size and weight of stock.  
4. Operations are listed in proper sequence along with the shops in which these operations 


will be performed.  
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5. Information regarding machines used for each operation. 
6. Data on jigs, fixtures and other special tools required.  
7. Inspection devices needed for inspection.  
8. Cutting data, in example speeds, feeds & depth of cut for each machining operation.  
9. Elements of standard time such as set-up time, handling time and machining time for 


the job.  


2.3 Process Design 
In the design of a process, there are a lot of standard procedures. In general these activities 
start with the receipt of the product specifications and ends with the final plans for the 
manufacture of the product.  


The steps involved in process design are as follows.  


1. A careful review of the product design and specifications to make sure that economical 
manufacture is feasible.  


2. Determination of the methods of manufacture that will result in the optimum 
manufacturing cost.  


3. Selection or development and procurement of all machines, tools, and other equipment 
required for the manufacture of the product at the required quality and rate of 
production.  


4. Layout of the production area and auxiliary spaces, and installation of the 
manufacturing facilities.  


5. Planning for and establishing the necessary control of materials, machines, and 
manpower to ensure economical production of the product.  
 


The above steps may be identified as functions of various activities, such as manufacturing 
engineering, process engineering, process planning engineering, or tool engineering. The scope 
of process-design activity can be identified as all work that is necessary to arrange for the 
manufacture of the product by the most economical means.  


Basic Factors Affecting Process Design 
There is three basic factors that affect the design of a manufacturing process, namely:  


1. The volume or quantity of the product to be manufactured.  
2. The required quality of the product.  
3. The equipment that is available, or that can be procured, for the manufacture of the 


product.  


The volume to be manufactured must always be considered as the volume to be produced 
within a given period — or as the rate of production. In this manner it can be related to the 
capacity of the manufacturing equipment under consideration and the best methods selected 
accordingly. The anticipated volume should be based upon a sales forecast. This is of particular 
importance in the introduction of a new product. Funds should be allocated for the 
improvement of processes only when the forecast indicates such a volume of sales that an 
appropriate return on the investment can be realized. In general, the greater the volume of the 
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product to be produced, the greater is the opportunity to incorporate advanced methods of 
manufacture into the design of the manufacturing process. The number of identical units to be 
produced vitally affects the selection of manufacturing methods.  


The savings per unit of product or per component part, when multiplied by the total volume to 
be produced will give an idea of the money that can be allocated for the purchase of modern 
equipment. It may justify new and better machine tools, the use of numerically controlled 
machines, etc. It will also justify better auxiliary equipment such as jigs, fixtures, or dies, which 
will in turn increase the productive capacity of the existing equipment in the facility.  


Methods of manufacture vary widely with the volume to be produced. The production of heavy 
industrial equipment and machinery involves very few units of product, requires skilled 
machinists or other craftsmen using general-purpose machines and tools, and assembly is by 
skilled labor. On the other hand, the mass production of washing machines, refrigerators, TVs, 
automobiles, and similar goods is accomplished with a large proportion of automatic machinery 
and on a planned assembly line that requires a minimum of skill. 
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3 Work Measurement 
Work measurement is the application of techniques used to determine the time taken by a 
qualified worker to carry out a specified job at a defined level of performance. Work 
measurement means measuring the work time, in example minutes or hours required to 
complete the job. Work measurement is used to reduce or eliminate all ineffective time. 


The main objectives of work measurement are:  


1. To determine the time required to do a job. 
2. To estimate the man and machine requirements and to assess the plant capacity 


accurately.  
3. To provide information for effective production planning and maintenance.  
4. To assist in estimation of reliable delivery dates.  
5. To provide a basis for fair and sound incentive schemes.  
6. To standardize the rate of performance of workers. 


3.1 Time study 
There are different methods that are used in work measurement. The selection of a particular 
method depends on the job situation. One method is time study. Time study is concerned with 
the direct observation of work while it is actually being performed by the operator. Time study 
is defined as a work measurement technique. Recording the time, rate or pace of working for 
the elements of a specified job carried out under specified conditions. The data found from the 
time study are to be analyzed to determine the time necessary for carrying out the job at a 
defined level of performance. Time study is the most satisfactory and accurate technique for 
determining the time taken for completing a manufacturing operation but due to its nature it is 
mainly used for repetitive work.  
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4 Types of Production 
Depending upon the type of industry and manufacturing situations, production can be divided 
into two types as follows:  


1. From a seller’s point of view, products are manufactured either to customers order or to 
stock. In manufacturing to customers order, production of any product is taken up only 
when you have customer`s orders on hand. In manufacturing to stock, the items are 
produced and stored and customer`s requirements are met from the stock of the 
finished goods.  


2. From method of production point of view, it can be divided into following three types: 
- Job shop/job production which is described in Ch. 4.1. 
- Flow shop/mass production which is described in Ch. 4.2. 
- Batch production which is described in Ch. 4.3. 


4.1 Job Shop 
In a job shop, or job production, flexible resources are used to produce low volumes of highly 
customized and varied products. The design is called functional layout or process layout. 
Usually the job shops have many products simultaneously flowing through the process.  


Because of the varied activities for each product the job shops can look a bit chaotic with large 
amounts of storage buffers and a lot of waiting between each activity. In short terms, job shops 
typically have high process flexibility that permits product customization but have high 
processing cost and long flow time. 


Examples of job shops can be 
tool/machine shops as seen in Figure 4. 


  


 Figure 4 - Job shop: Milling on Innocenti Automobile Factory [4] 
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In this type of production the products are manufactured directly to customer’s orders and the 
quantity produced is also small. In many cases it may be one piece only. The work starts only 
when the organization has orders on hand. The main characteristics of this type of production 
are:  


- Each job may be different from the previous one, all depending on specifications, 
quality and quantity. 


- Flow of material may not be continuous. 
- General purpose machinery is used, hence less initial investment in equipment. 
- Similar types of machines are grouped together. 
- Highly skilled operators are needed. 
- Each work has to be planned and scheduled separately.  
- Raw material inventories are high.  
- Prior planning is not possible. From the above characteristics it is clear that job order 


production is a case of intermittent production. The examples of job order 
production are manufacture of aircrafts large turbo-generators, ships, chemical 
plants, gates, doors and windows of houses etc.  


4.2 Flow Shop 
The other extreme, flow shops or mass production, uses more specialized resources to perform 
limited tasks with high precision and speed. In this kind of production the products are more 
standardized and are produced in larger quantity. The quality of the products tends to be more 
consistent because of the specialized resources and the experience of the workers. Usually the 
variable process cost is low, even if the fixed costs for plant and equipment are high. This is 
because the cost is spread on the large quantity of products. The limit in variety of products 
often results in shorter process flow time than in job shops.  


An example of flow shops is an 
automobile assembly plant, such as 
Ford, Toyota or Ferrari (Figure 5). 
An assembly line is an example of 
discrete flow shops where 
products are produced part by 
part.  


 


 


 


 


  
Figure 5 - Flow Shop: Old Ferrari Assembly Plant [3] 
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Examples of continuous flow shops can be steel plants, oil refineries and chemical plants, where 
the product is produced in a continuous manner. In short terms a flow shop has low unit-
processing cost, short flow time, and consistent quality at large quantity.  


Mass production is production of items in large quantity using much specialized machines and 
processes. Items like metal screws, nuts and bolts and plastic products are made in mass 
production. In this type of production there is a continuous and steady flow of materials. The 
different characteristics of mass production are:  


- Small varieties and large volumes are manufactured.  
- Product type plant layout is used.  
- The flow of work is balanced in example: machine capacities are balanced.  
- Specialized machines and processes are used, hence high initial investment in 


equipment.  
- Materials can move by conveyors.  
- It results in lowest cost of production.  
- Easier production planning and control.  
- Inventory of work in progress is small. 


4.3 Batch Production 
In reality all processes are some kind of mix of job and flow shop. It’s common to call it batch 
production.  


Because in the early stages of the product’s life the quantity is low and uncertain, the 
investment cost is high and this result in that a flexible process like job shop will be appropriate. 
After some time the product matures, and the quantity increases the cost and response time 
become critical. Then it fits with a flow shop kind of process architecture. But in the end of the 
product’s life cycle, the quantity declines and again the job shop architecture will be more 


appropriate.  


In batch production, the products 
are made in small batches and in 
large variety (Figure 6). The orders 
may be repeated with intervals of 
time. 


 


 


 


 


 
Figure 6 - Batch Production: Forging Golf Irons at Mizuno [5] 
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The characteristics of batch production are: 


- Products are manufactured in batches. 
- General purpose machines are used.  
- Flow of material is intermittent.  
- Plant layout is process type.  
- In process inventory is high.  
- Process and product planning is done for each batch.  
- Workloads on various machines or sections are unbalanced.  
- Machine operators are highly skilled.  
- A very common type of production.  


Drugs, chemicals, paints, sheet metal components, forgings and parts manufactured on 
turret/capstan lathes come under this type. 


The design of process architecture are very important for an organization because it will point a 
finger on what kind of process that will be most suited for their products and what it should 
focus on. By designing a good process that satisfies the customer demands, will result in 
success.  
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1 Introduction 


Production Technology is a Bachelor Thesis taken on by five mechanical engineering students 
from Buskerud University College in Kongsberg.  


The Scope is limited to five study credits for the first semester (fall 2011), then 15 study credits 
for the second semester (spring 2012). This is estimated to 550 work hours per group member. 
There will be a higher priority on documentation then in a normal industry. This will give a 
better basis for evaluating the project. 


The purpose of this project is to evaluate production models for Kongsberg Protech Systems 
(KPS). Kongsberg Protech Systems has developed a new product called Protector Medium 
Caliber that is going into production. To make the production effective they need to develop a 
specific production model that they can integrate in all their locations, and in different 
production scale. 


The company has other similar products that are already in production. In the existing 
production there are used several Lean tools to make the production as efficient as possible. 
The difference between these products and the new one is the size and weight. The existing 
products are of smaller caliber and therefore smaller in size and easier to handle, than the new 
Protector Medium Caliber. Due to the size and weight of the product they need to develop a 
completely new assembly process. The production process is the backbone in the company and 
it is vital for the company to compete with others.  


Our assignment is to make a main study that evaluates different production models and create 
concepts for the production of Protector Medium Caliber. The production is divided into two 
cases with different production rate, where Case 1 handles high rate production and Case 2 
handles low rate production. For both cases, we will consider the need of cranes, lifts and other 
equipment to make the assembly as easy and effective as possible. In the production of 
Protector Medium Caliber there will be a need for a jig or a fixture to hold the product while 
assembling and testing. This jig will be designed in SolidWorks and integrated in our production 
model. 


To be able to make a good analysis, we need to learn about production technologies and Lean 
manufacturing. By learning the basics of these subjects, we will ensure effective manufacturing 
of quality products and a safe and good environment for the workers. To accomplish this, two 
generic pre-studies will be produced as supporting literature. One study for production 
technologies and one study for Lean manufacturing. The two studies will be used as a support 
for arguments for the different choices and conclusions we make in our main study.  


This Bachelor Thesis is a theoretical study and takes form of a written report with drawings and 
illustrations. The sources used are internet, personnel of KPS and literature in form of books. 
Project expenses are literature and printing of reports and poster. 
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1.1 Document Overview 
This document is one of many reports in the Bachelor Thesis 2012-2.    


The Figure below will give an overview and placement of the reports and documents for the 
Bachelor Thesis 2012-2. The textboxes represents documents and the green box is representing 
this document. The Appendix documents are not listed.  


 


 


Figure 1 - Document Relation 


1.2 Document Purpose 
This document is a study on different production concepts for the production of Protector 
Medium Caliber. The concepts are developed with a basis from the Lean Report and Production 
Methods.  
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2 Production Layout Concepts 


In this part of the assignment we started to look at different concepts for the production 
layout. We first started with a brainstorming and came up with a lot of different ideas for the 
production layout. These ideas were sketched on a standard scheme of the production hall, 
handed out from KPS. From these ideas, we have chosen three of the most different and 
interesting concept solutions. The reason for choosing three very different concepts solutions is 
to compare them against each other and find the pros and cons with each one. Then we can 
use the advantages from each concept to improve the chosen one. 


We will choose one of the concepts for further development. As a requirement from KPS 
(requirement K03.01-02), the concept has to be able to adapt to different production scales 
such as producing one unit per week and five units per week. This means that the concept 
should be able to be adjusted in scale to achieve lower production rate. In relation with KPS we 
have created two cases for each concept, where we test them against the scaling adjustment 
ability. In case one, the production is five units per week and in case two the production is one 
unit per week. With these cases we will be able to find and conclude with a concept that 
satisfies the requirements. 


KPS gave us a simplified list of the operations and time consumptions for all steps in the 
production. This list is shown in Table 1. The hours are based on an estimated time needed for 
the production step to be executed. Additional workers will lower the hour rate by the same 
amount of hours that they put into the production and packing, except for the testing part, 
which will have a total of sixteen hours anyway. There is 7.5 paid work hours per day; however 
KPS has stated that we use an effective work day of six hours (Requirement K03.19-20). This is 
because of coffee breaks, lunch breaks, unexpected (small) problems and etc. They also gave us 
a requirement for designing a production hall after the sizes of 900 m2 and at least six meters 
under the ceiling (requirement K03.5-7). The final inspection is done by specialized personnel. 
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Table 1 - Assembly Stream 


Assembly Stream  


No Elements Time 


1 Main frame 2h 


2 Weapon Elevation 3h 


3 Elevation motor 2h 


4 Cover support 2h 


5 


El. Box: Ethernet switch 


4h 


El. Box: GIU box 


El. Box: Battery box 


El. Box: MSU 3x 


El. Box: GCU box 


El. Box: Charger unit 2x 


El. Box: PDU 


El. Box: HPDU & Coax cocking amp 


6 64 Cables 2h 


7 Weapon & ammo box  2h 


8 Sensor unit 1h 


9 IHT (In house test) 6h 


10 Protection cover  2h 


11 FAT(factory acceptance test) 10h 


12 Final inspection 2h 


13 Packing 4h 


 =42h 


 


KPS gave us a drawing of an existing production area located in Kongsberg. This drawing will be 
the basis limit for our layout development. The drawing will only be a reference to a likely 
production area as the production will not take place in Kongsberg. KPS has stated that these 
facts are not relevant for our project. The layout concept sketches will include limited areas for 
the RWS to turn safely for testing, areas for the assembly and the parts under assembling. The 
area will also have marked areas for delivering of part by trucks and cranes. For the different 
limited production areas in the facility, we will use different definitions. In the following words: 
cell, post, station and work station all refers to a limited specific area. The different concepts 
may have different containment in each cell. This is described in the introduction for each 
concept.  
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2.1 Concept 1, All in One 
In this concept we will have one type of production cell where all jigs are all equal and 
stationary. The cells are placed along the wall of the production area as shown in Figure 2. The 
main idea for this concept is to move the product as little as possible (“Seven wastes”, chapter 
6.0, Lean Report). This is solved by letting the whole production, with assembling, testing and 
packing, be done at the same spot. The concept will need personnel that are trained in all parts 
of the production and a complete set of tools at each station. Referring to our Production 
Methods report, this is a “job shop”. In a job shop, flexible resources are used to produce low 
volumes of highly customized and varied products. Figure 2 shows a layout of the concept with 
a production of 5 units’ per week. Each numbered circle represent a production cell where each 
has a respectively area of delivering depot for parts. 


 
Figure 2 - Concept 1, Five per Week 


Jigs 


This concept requires five standard jigs that satisfy all requirements for both assembling and 
testing. Since the whole production is stationary for each unit, the jig doesn’t need wheels or 
rails, but can be bolted to the floor. The jig will require the ability to be lowered and elevated, 
so workers gets access from all angles to the product. Another requirement would be that the 
jig could withstand the rotating forces during test procedures. 
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2.1.1 Case 1, Five per Week 
It takes forty-two hours to completely build, test and pack a single product. We assume that a 
workday includes six hours of effective work. This means that it will take seven days to 
complete one product for one person. To be able to produce five products in one week, there is 
a need of seven stations, which will result in one finished product each day. This will require 
personnel who individual can manage all types of work operations. With education costs in 
mind, this is not a good solution. We have therefore reduced the number of stations by two. 
The case represents now five stations where three workers assemble one unit, in one day. 


Time and work 
Table 3, on the next page, shows how this concept is executed with the case of five units 
produced per week. The diagram shows the work-flow with three operators assembling the 
whole product the first day. They will finish after one day of 18 effective hours and next day, 
they start a new unit. They will then have the same routine every day and always producing 
one unit each day. After the product is assembled, one test personnel does the rest of the 
process within four days. The tester will also pack the product after the final FAT. The concept 
has five cells to produce one unit each day. One day for assembling and four days for the rest. 
The units will be stand still, with the workers moving from cell to cell. As we can see from Table 
2, below, we need a total of four testers who can execute all the tests to produce one unit each 
day. The table shows seven days of work with a startup of a new unit each day. 


Table 2 - Flow of Testers HR 


 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 


Unit 1 Assembly Tester 1 Tester 1 Tester 1 Tester 1   


Unit 2  Assembly Tester 2 Tester 2 Tester 2 Tester 2  


Unit 3   Assembly Tester 3 Tester 3 Tester 3 Tester 3 


Unit 4    Assembly Tester 4 Tester 4 Tester 4 


Unit 5     Assembly Tester 1 Tester 1 


 
The final inspection is done by a special inspector and not those working in the production area. 
This is marked in red in Table 3, on next page. Those two hours is spare time for the tester, and 
should be filled with inspection of tools, HSE and general cleanliness in the production area.  


A total of three workers assemble for six hours, five days per week, with a total of 90 effective 
work hours per week. Four testers will test six hours, five days per week with a total of 120 
effective work hours per week. The final inspection of two hours is done by the inspector at the 
end of each day. We will therefore have a total of 220 effective hours for the production, plus 
the inspector each week. This will add up to seven workers and testers, plus the inspector. 
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Table 3 - Concept 1, Five per Week  


No Process Day 1 Day 2 Day 3 Day 4 Day 5 


1 Main frame  3w * 0.67h     


2 Weapon elevation 3w * 1h     


3 Elevation motor 3w * 0.67h     


4 Cover support 3w * 0.67h     


5 El. boxes  3w * 1.34h     


6 Cables 3w * 0.67h     


7 Weapon and ammunition 3w * 0.67h     


8 Sensor unit 3w * 0.34h     


9 IHT  1w * 6h    


10 Protection cover   1w * 2h   


11 FAT   1w * 4h 1w * 6h  


12 Final Inspection     1w * 2h 


13 Packing     1w * 4h 


 


Advantages 


• The whole production does not stop if there is a problem at one of the stations. 
• The product is not moved during the production. 
• One type of production jig for all stations. 
• Production can be scaled down by excluding one or more production stations. 


 


Disadvantages 


• High investment cost. 
• All equipment placed in one cell might lead to disorderliness. 
• All stations need a set of equal tools. 
• No spare station if down-time, production at one station will stop completely. 
• Vast amount of production jigs. 
• Unused equipment when scaling down production. 
• Lack of area for separate packing and shipping crate. 
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2.1.2 Case 2, One per Week 
It takes 42 hours to completely build, test and pack a single product. We assume that a workday 
includes six hours of effective work. This means that it will take seven days to complete one 
product, for one person. To be able to produce one product per week with only one station we 
need to have extra part time workers.  


 
Figure 3 - Concept 1, One per Week 


Time and work 
Table 4 below shows how this concept will be executed with the case of one unit produced per 
week. The first day of each week consists of two workers, assembling the first twelve hours of 
the product. The next day one of the worker continues with the manufacturing alone. The third 
day, the unit is ready for testing. The tests will continue until the last day of the week. The final 
inspection shall take place before the product is packed and is done by an external person. To 
accomplish this, the tester should start a little earlier on the last day, so the inspector can 
inspect the product for two hours, at the end of his/hers. The last part, packing, can be done by 
an evening worker or two as it might be wise to have two workers at the evening due to HSE 
(safety). This will also reduce the amount of effective hours from four till two hours. The work 
of the inspector is marked in red in the table. The work of the evening workers is marked in 
blue in the table. 


The disadvantage with this solution is to not have work for all workers after the first day. In a 
large production company, it should be possible to find other work tasks, but in a smaller 
company it could be difficult. Since it is a full day job, every first day of a new unit, it might be 
possible to hire a part-time worker. Another problem which can occur, is time delay for the 
worker the second day due to handling of the last part of production alone. It should therefore 
be possible to get help from extern workers at predefined parts of the production this day.  


This concept solution will demand one worker with expertise in both manufacturing and 
testing. It will also demand an additional part-time worker for manufacturing a full-day every 
first day, an inspector and one or two evening workers. This will add up to forty-two effective 
hours per week.  


There will be a separate shipping crate, so the packing can be handled easier. It might be 
difficult to wrap the bottom of the product, and it’s likely that it must be moved to a shipping 
unit. 


Table 4 below, shows the production of one unit in five days. The number and w, describes 
amount of workers and h, stands for hours. The product of this is the amount of production 
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time. The colored text in the table indicates that these operations will be done by evening 
workers. 


Table 4 - Concept 1, One per Week 


No Process Day 1 Day 2 Day 3 Day 4 Day 5 


1 Main frame  2w * 1h     


2 Weapon elevation 2w * 1.5h     


3 Elevation motor 2w * 1h     


4 Cover support 2w * 1h     


5 El. boxes 2w * 1.5h 1w * 1h    


6 Cables  1w * 2h    


7 Weapon and ammunition  1w * 2h    


8 Sensor unit  1w * 1h    


9 IHT   1w * 6h   


10 Protection cover    1w * 2h  


11 FAT    1w * 4h 1w * 6h 


12 Final Inspection     1w * 2h 


13 Packing     1w * 4h 


 


Advantages 


• The product is not moved during the production. 
• Requires a simple jig that only needs to be elevated. 
• The same production jig for all operations. 


Disadvantages 


• Worker being out of work, at several times through the production. 
• No spare cells, if production stops. 
• All equipment placed in one cell might lead to disorderliness. 
• The whole work flow relies on one operator’s time schedule, and one production cell.  
• Difficult to find a good solution for the extra worker the first day. 
• There might be a need of two workers in the assembly part the second day, at least at 


some part of the production this day. 
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2.1.3 Feedback from KPS 
This setup will produce one product per day, five days a week or one unit per week. If 
something goes wrong with one of the station, it won’t affect the others. But if one station fails, 
the requirement of producing five units per week fails, and there is nothing we can do to catch 
up. As mentioned earlier (case 2), it is easier to find a solution for this in the case of one per 
week if we have an additional cell. There shall also be a backup cell in case 1. 


For case 2 the worker in this assembly concept has to have the knowledge about the whole 
product. Usually in an assembly there are people that build the product and there are people 
that test it. The builder only have to know what part comes next, but the testers might need 
some more knowledge about the product to be able to troubleshoot it. Because of this it might 
be wise to separate the production from the testing, as of case 1. 


 


2.1.4 Improvements 
If something goes wrong at one of the stations, we will have an extra work station as backup. In 
this way we can move the product to this station if the jig fails, or start to build a new unit, if it 
is the product there is something wrong with. In this way we can still manage to deliver five 
units per week.   


Since there should be separate people conducting the tests, they will cycle between the 
different work stations for case 1. This can be solved with either having test equipment at all 
the stations or movable testing equipment that the personnel can take with them to the station 
they are testing. For case 2, it will be expensive to have separated personnel for 
assembling/testing as the worker has no other work areas the other days. 


 
Figure 4 - Concept 1, Five per Week - Improved 


Delivering 
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2.1.5 Discussion 
The main advantages with this concept is the need of a simple jig, no need for moving during 
production and that the whole production doesn’t stop if there’s a problem at one station like 
an in line production would do. But these advantages can be easily achieved by other solutions. 
One example is to split up the assembly and tests.  


On the other hand, there are a lot of disadvantages with this concept. For case 2, there are 
difficulties with the work-flow. For case 2 we need personnel that can handle all the tasks, as 
the whole production relies on this worker. It will also need a worker, only participating one 
day each week and an external packer. For both cases there will be needed a lot of tools at all 
stations. This can be expensive but most important of all, lead to untidiness and disorder. The 
packer should also have a separate packing fixture for the packing and delivering. 
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2.2 Concept 2, In Line 
This concept is based on the traditional assembly line. By using a in line production, the product 
will be moved on portable jigs, from post to post. The main idea of an assembly line production 
is to have multiple working stations and specially trained workers at each station. This will 
decrease the total time spent to assemble the product and the amount of equipment. This 
concept is called flow shop, referred to the Production Methods report. Flow shops or mass 
production, uses more specialized resources to perform limited tasks with high precision and 
speed. Figure 5 shows the concept for the case of five produced units per week. 


 
Figure 5 - Concept 2, Five per Week 


Jigs 


The concept has five jigs that are moveable and moves in cycles to always make the production 
in progress. This applies for both case 1 and case 2. The jigs needs to have the function of 
wheels or rails to make them moveable. When a product is finished and removed from the jig, 
the jig is guided back to the first post. A requirement is that the jig has to be able to be lowered 
and elevated for easy access to the unit. A combination of moveable jig and this will make the 
jigs complex and expensive. There is also a need of a packing fixture for further transport.  


2.2.1 Case 1, Five per Week 
Time and work 


It takes forty-two hours to completely build, test and pack a single product. We assume that a 
workday includes six hours of effective work. This means that it will take seven days to 
complete one product for one person. The production process will be split up, so the product 
will stay on a station for one day before it will be moved on to the next. This will result in three 
workers for assembly and three workers for testing. Table 5 below, shows the production of 
one unit in five days. The number and w, describes amount of workers and h, stands for hours. 
The product of this is the amount of production time. A specialist marked in red in Table 5, 
works for two hours with the final inspection, and a part time employee works for four hours 
with packing. 
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Table 5 - Concept 2, Five per Week 


Process Prod. 1 Prod. 2 Test 1 Test 2/3 Packing 


Main frame  2w * 1h     


Weapon elevation 2w*1.5h     


Elevation motor 2w * 1h     


Cover support 2w * 1h     


El. boxes 2w * 2h     


Cables  1w * 2h    


Weapon and ammunition  1w * 2h    


Sensor unit  1w* 1h    


IHT   1w * 6h   


Protection cover    1w * 2h  


FAT    1w *10h  


Final Inspection     1w * 2h 


Packing     1w * 4h 


 


From Table 5, we can see that in one station the workers will work for 6.5 hours, but in another 
they will work for only five hours. This is not optimal, but the product cannot be move right in 
the middle of an operation. You have to finish it on one station, before you can move it to the 
next. The operations, on one station, have to be finished that day, because the workers on the 
next station will keep working on it the day after. We need two jigs in the fifth station to 
manage FAT testing. This means that the product will use six days from start to end, which also 
means that the work flow will be divided in cycles of six days. In the last station there will be a 
specialist that works for two hours. He is not a part of the production crew but we need to 
make room for him in the production. The last part of the process is the packing for four hours. 
This can either be done by one or two evening workers or managed the sixth day by storage 
workers. 


The total need of manpower is three workers for manufacturing, three test persons, one 
inspector and one packer. The total effective work hours per week will be 210 hours. 
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Advantages 


• The workers can be trained specially for their working station. 
• Separate packing fixture. 


Disadvantages 


• The production will stop if there is a problem in the assembly line. 
• If a product is moved out of the assembly line for troubleshooting, it will be hard to get 


it back in the assembly line. 
• There is a need for a system to move the product between work stations. 
• The product has to be moved several times. 
• Complex and expensive jigs. 
• There might be a need for two people at some stations to install heavy parts. 


2.2.2 Case 2, One per Week 
In this case we are going to produce one product each week and we will have six stations, the 
product has to stay on each station for a whole week.  


1. Main: 
One worker will mount the main frame, weapon elevation, elevation motor and the first 
part of ballistic protection cover support. This process takes seven hours and it will be 
waiting for twenty-three hours before it is moved. 


2. Ballistic protection and El. Boxes: 
One worker will mount the rest of ballistic protection cover supports and the electrical 
boxes. This will take six hours and it will be waiting for twenty-four hours before it is 
moved. 


3. El. Boxes, cables and weapon: 
 One worker will mount the rest of the electrical boxes, all cables, weapons, ammo box 
and aiming equipment. This process takes five hours and it will be waiting for twenty-
five hours before it is moved. 


4. IHT: 
 One worker will perform the In House Test, to make sure the components work 
together. This process takes six hours and it will be waiting for twenty-four hours before 
it is moved. 


5. Cover + FAT: 
 One worker will mount cover and perform Factory Acceptance Test to make sure the 
product is ready to be delivered to customer. In this case we only need one jig on this 
station. This process takes twelve hours and it will be waiting for eighteen hours before 
it is moved. 


6. Final inspection and Packing: 
The final inspection has to be executed by specialists, this takes two hour and the 
packing will take four hours and it will be waiting for twenty-four hours before it is 
moved. 
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Table 6 below, shows the production of one unit in five days. The number and w, describes 
amount of workers and h, stands for hours. The product of this is the amount of production 
time. The work hours for the inspector are marked in red. 
Table 6 - Concept 2, One per Week 


Process Prod. 1 Prod. 2 Test 1 Test 2/3 Packing 


Main frame  1w * 2h     


Weapon elevation 1w * 3h     


Elevation motor 1w * 2h     


Cover support 1w * 2h     


El. boxes 1w * 3h 1w * 1h    


Cables  1w * 2h    


Weapon and ammunition  1w * 2h    


Sensor unit  1w * 1h    


IHT  1w * 6h    


Protection cover   1w * 2h   


FAT   1w * 10h   


Final Inspection     1w * 2h 


Packing     1w * 4h 


 


As we can see, this layout is not very suited for producing low quantities. Most of the time, the 
product will be standing still on one station and wait to be moved to the next (“Flow 
efficiency”, chapter 8, Lean Report). The only logical solution to this is to merge some of the 
stations. This means that we will do additional tasks on every station and minimize the number 
of stations. We will in fact, end up with only one jig and a concept that is identical to the first 
we have developed. This tells us that this concept is not suited for producing only one product 
per week.   


2.2.3 Feedback from KPS 
This setup will produce one product per day, five days a week but if something goes wrong with 
one of the station, it will affect the others. If one station fails the rest of the stations will, at 
some point stop producing.  


All the workers in this assembly line do not necessarily have the same amount of knowledge of 
all the components. It is common to divide the production into fields where the workers has 
specified skills required to perform specific tasks. So each post has its own specialized team.  


Another problem with this concept was that the heavy weight of the product would make it 
very hard to move the jig on wheels. To be able to do this, the jig has to be very complicate and 
exposed for high stresses. Such a jig would be more expensive and therefore, it might be more 
economical to move the product with a crane. 
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2.2.4 Improvements 
If something goes wrong at one of the stations, we will have a backup station for 
troubleshooting. This will not be a part of the assembly line, but an isolated area where the 
troubleshooting can be executed, without interrupting the rest of the production. In this way 
we can still manage to deliver five units per week or one unit per week.   


Since the heavy weight of the product makes it very hard to move the jig, we will use cranes to 
move the product between the jigs. Figure 6 shows the improved concept for the case of 
producing five units per week. 


 
Figure 6 - Concept 2, Five per Week - Improved 


2.2.5 Discussion 
The main advantages with this concept are that every worker can be specialized in one part of 
the assembly. This can be a good solution for producing five units per week, but it has some 
disadvantages as well. 


On the downside the product has to move a lot and this has to be done by crane, which 
requires much logistics and it takes a lot of time (“Seven wastes”, chapter 6.0, Lean Report). 
And if anything goes wrong, the whole production stops. It would be impossible to get the 
product back into the assembly line, if it is taken out for troubleshooting.  


This concept is also impossible to scale down to produce only one unit per week, because of the 
unnecessary waiting in each station.  
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2.3 Concept 3, Half and Half 
This concept is a combination of “All in one” and “In Line”.  The production and testing will be 
divided and executed on two separate jigs. The advantage with this is that we don’t need to 
move the product a lot (“Seven wastes”, chapter 6.0, Lean Report), but it still allows us to use 
specialist for testing and regular workers for the assembly. Referring to our Production 
Methods report we can say that this is a kind of batch production. Batch production is a mix of 
job shops and flow shops, where process and product planning is done for each batch or order. 
Figure 7 shows the concept for the case of five produced units per week 


 


Figure 7 - Concept 3, Five per Week 


Jigs 
In this concept we need four separate assembly jigs and test jigs that are bolted to the ground. 
The only requirement is that it should be able to be elevated from the floor, so the workers 
have the opportunity to work beneath the product and don’t have to climb on a ladder when 
working from the top.  There will also be a separate packing area/packing fixture and a backup 
jig. 


2.3.1 Case 1, Five per Week 
Time and work 


It takes forty-two hours to completely build, test and pack a single product. We assume that a 
workday includes six hours of effective work. This means that it will take seven days to 
complete one product for one person. By working only daytime, Monday to Friday, one 
possibility is to have one assembly jig, and three tests jigs. By having three workers to execute 
the assembly on each jig, this part can be done in one day, or six effective hours. When a 
product is assembled and moved to the test station, the workers will start up with a new 
assembly. When the IHT and FAT is ready, the product is moved to a packing area where a 
quality controller will have a final inspection of the product before it is packed. The tests take 
three days. Inspection and packing take one day, and will be done parallel to the assembly and 
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tests of other units. This will result in producing one product per day. There is also a need for 
one backup jig, in case of failure. 


Table 7 below, shows the production of one unit in five days. The number and w, describes 
amount of workers and h, stands for hours. The product of this is the amount of production 
time. The grey text highlight color in the table indicates that these operations will be done 
parallel with the assembly and not interrupt in any way.  


Table 7 - Concept 3, Five per Week 


No. Process Day 1 Day 2 Day 3 Day 4 Day 5 


1 Main frame  3w * 0,67h     


2 Weapon elevation 3w * 1h     


3 Elevation motor 3w * 0,67h     


4 Cover support 3w * 0,67h     


5 El. boxes 3w * 1,33h     


6 Cables 3w * 0,67h     


7 Weapon and ammunition 3w * 0,67h     


8 Sensor unit 3w * 0,33h     


9 IHT  1w * 6h    


10 Protection cover   1w * 2h   


11 FAT   1w * 4h 1w * 6h  


12 Final inspection     1w * 2h 


13 Packing     1w * 4h 


 


The inspection and packing will be done on a specified place. The inspector will only work two 
effective hours per day, and the person that execute the packing will have other responsibilities 
such as controlling and cleaning of tools etc. The total need of manpower is seven workers plus 
the inspector. The total work hours per week are 220 hours.  


Advantages  


• Different jigs for each cell. 
• Down-time does not stop the whole production. 
• Don’t need to move the product much before packaging. 
• Requires a simple jig that only needs to be elevated. 
• Separate packing fixture. 
• Production can be scaled down by leaving some cells unused. 


Disadvantages 
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• The product needs to be lifted from one jig to another. 
• Scaled down production results in unused equipment. 


2.3.2 Case 2, One per Week 
It takes forty-two hours to completely build, test and pack a single product. We assume that a 
workday includes six hours of effective work. This means that it will take seven days to 
complete one product for one person. Since the production takes forty-two hours, and there 
are thirty effective work hours a week, there is a need to compress the production to satisfy the 
requirement of producing one product per week.  


By working only daytime, there is a need for one production jig, one test jig, one backup jig and 
one packing fixture. To compress the production to satisfy the requirement of producing one 
product per week, it will be a need of two workers to do the assembly. The assembly can be 
done in 1.5 days. This means that the product will be moved on to the test jig, tested and 
inspected the last 3.5 days of the week. The packing is done in the evening, the last day, after 
the final inspection is done. 


Table 8 shows how this concept is executed with the case of one unit produced per week. The 
first day of each week consist of two workers assembling the first twelve hours of the product. 
The next day one of the workers continues with the manufacturing alone. The third day, the 
unit is assembled and ready to be tested. The tests will continue until the last day of the week. 
The final inspection shall take place before the product is packed and is done by an external 
person. To accomplish this, the tester should start a little earlier on Fridays, so the inspector 
can inspect the product at the end of his/hers day (two hours). The last part, packing, can be 
done by an evening worker since this part of the production doesn’t need any special skills or 
certificates. This will be done on a separate area in special packing crates. On the other hand, it 
might be a requirement to have two workers at the evening due to safety (“6S”, chapter 6.2, 
Lean Report). This will also reduce the effective hours from four till two hours. The work of the 
inspector is marked in red in the table. The work of the evening workers is marked in blue in 
the table. 


The disadvantage with this solution is to find work for the other worker the other days (all 
other than Monday). In a big production facility, this should be possible, but in a smaller facility 
it could be difficult. Since it is a full day job, every Monday it might be possible to hire a part-
time worker. 
Another problem which can occur is time delay for the worker the second day due to handling 
of the last part of production alone (heavy lifting etc.). It should therefore be possible to get 
help from store workers at some predefined parts of the production this day.  
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Table 8 shows the production of one unit in five days. The number and w, describes amount of 
workers and h, stands for hours. The product of this is the amount of production 


Table 8 - Concept 3, One per Week 


No Process Day 1 Day 2 Day 3 Day 4 Day 5 


1 Main frame  2w * 1h     


2 Weapon elevation 2w * 1.5h     


3 Elevation motor 2w * 1h     


4 Cover support 2w * 1h     


5 El. boxes 2w * 1.5h 1w * 1h    


6 Cables  1w * 2h    


7 Weapon and ammunition  1w * 2h    


8 Sensor unit  1w * 1h    


9 IHT   1w * 6h   


10 Protection cover    1w * 2h  


11 FAT    1w * 4h 1w * 6h 


12 Final Inspection     1w * 2h 


13 Packing     1w * 4h 


 


This solution will demand one worker with expertise in both manufacturing and testing, it will 
also demand an additional part-time worker for manufacturing a full-day every Monday, an 
inspector and one or two evening workers for packing. This will add up to 42 effective hours per 
week.  


Advantages  


• Different jigs for each cell. 
• Down-time does not stop the whole production. 
• No need to move the product far before packing. 
• Requires a simple jig that only needs to be elevated. 
• Production can be scaled down by leaving cells unused. 


Disadvantages 


• The product needs to be lifted from one jig to another. 
• The whole work flow relies on one operator’s time schedule. 
• Difficult to find a good solution for the extra worker (on Mondays). 
• There might be a need of two workers in the assembly part the second day, at least at 


some part of the production this day. 
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2.3.3 Feedback from KPS 
Since we had thought of having a backup jig, the feedback was only positive. By separating the 
assembly and tests to its own stations, it won’t be necessary to move the product a lot (“Seven 
wastes”, chapter 6.0, Lean Report) and if the tests fail it won’t affect the assembling. It is also 
wise to separate these processes because of the knowledge of the workers. 


 
Figure 8 - Concept 3, Five per Week - Improved 


 
Figure 9 - Concept 3, One per Week - Improved 
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2.3.4 Discussion 
Concept 3 does not require moving the product a lot but it has still divided the assembling from 
the testing. The advantage with this is that, if something goes wrong during the tests, it will not 
affect the assembling. It will also allow the workers to move the product out of the way, so they 
can start on a new product, which reduces the down-time. It will also separate the test from 
the assembly, and the packing as well. All these areas will have their set of tools and 
equipment. The jigs at these places will also be different e.g. the packing fixture will be a lot 
simpler than the assembly jig. This means that all jigs can be more specialized to the respective 
work station. This allows us to construct one assembly jig, one test jig, one packing jig and one 
backup jig with specialized functions. This will not be the case with neither of the other 
concepts. The concept also contains a backup jig which makes the concept resistant to failures 
and makes the production reliable. 


On the other side, the product needs to be lifted some. It needs to be lifted from the assembly 
jig to the test jig and at the end to the packing fixture. It is still less movement than concept 2, 
and should cover a good solution for the logistics of the crane. As of case 2 there is the same 
disadvantage with only one worker for assembly one of the days. This person will only work one 
day a week and will have all the responsibility to assemble the whole product. 
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2.4 Concept Conclusion 
This chapter will result in one concept to choose for further development in the report on the 
production layout. The previous discussions for the three concepts are summarized as followed. 


The main advantage with Concept 1, All in One, is the need of a simple jig, no need for moving 
during production and that the whole production doesn’t stop if there’s a problem at one 
station. The disadvantages with this concept are severe. For Case 2, there are difficulties with 
the work-flow. All tasks for the whole production rely on one worker. For both cases there will 
be a lot of tools at all stations. This can be expensive but most important of all, lead to 
untidiness and disorder (“5S”, chapter 6.1, Lean Report).  


For Concept 2, In Line, the main advantages are that every worker is specialized in individual 
parts of the assembling. This results in fewer tools for every station. Concept 2 could be a 
solution for producing five units per week, but several stations will be empty when the 
production is scaled down. Other disadvantages with this concept are that the product has to 
move a lot. When down-time, the whole production stops and it would be impossible to get the 
product back into the assembly line.  


Concept 3, Half and Half, has divided the assembly from the testing. The advantage with this is 
that if something goes wrong during the tests, it will not affect the assembly. This is because 
the concept includes a backup station which makes the concept resistant to failures and makes 
the production reliable. It will also allow the workers to move the product out of the way, so 
they can start on a new product, which reduces the down-time. The jigs can be more 
specialized to their respective station. The product needs to be lifted two times trough the 
production, from assembly to test before the finished product is mounted in a packing fixture. 
This is less than Concept 2, and results in a better solution for saving time and crane logistics. 


From discussions with KPS, Concept 3, Half and Half, is the best concept for producing the 
Protector Medium Caliber. The report on the production layout is based on Concept 3, Half and 
Half. 
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3 Abbreviations 
Abbreviation Description 


BUC Buskerud University College 


El. Electric 


FAT Factory Acceptance Test 


h hour 


IHT In House Test 


Kg Kilo gram 


KPS Kongsberg Protech Systems 


m Meter 


No Number 


Pos. Position 


Prod. Production 


Rev. Revision 


RWS Remote weapon station 


w worker 
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1 Introduction 


Production Technology is a Bachelor Thesis taken on by five mechanical engineering students 


from Buskerud University College in Kongsberg.  


The Scope is limited to five study credits for the first semester (fall 2011), then 15 study credits 


for the second semester (spring 2012). This is estimated to 550 work hours per group member. 


There will be a higher priority on documentation then in a normal industry. This will give a 


better basis for evaluating the project. 


The purpose of this project is to evaluate production models for Kongsberg Protech Systems 


(KPS). Kongsberg Protech Systems has developed a new product called Protector Medium 


Caliber that is going into production. To make the production effective they need to develop a 


specific production model that they can integrate in all their locations, and in different 


production scale. 


The company has other similar products that are already in production. In the existing 


production there are used several Lean tools to make the production as efficient as possible. 


The difference between these products and the new one is the size and weight. The existing 


products are of smaller caliber and therefore smaller in size and easier to handle, than the new 


Protector Medium Caliber. Due to the size and weight of the product they need to develop a 


completely new assembly process. The production process is the backbone in the company and 


it is vital for the company to compete with others.  


Our assignment is to make a main study that evaluates different production models and create 


concepts for the production of Protector Medium Caliber. The production is divided into two 


cases with different production rate, where Case 1 handles high rate production and Case 2 


handles low rate production. For both cases, we will consider the need of cranes, lifts and other 


equipment to make the assembly as easy and effective as possible. In the production of 


Protector Medium Caliber there will be a need for a jig or a fixture to hold the product while 


assembling and testing. This jig will be designed in SolidWorks and integrated in our production 


model. 


To be able to make a good analysis, we need to learn about production technologies and Lean 


manufacturing. By learning the basics of these subjects, we will ensure effective manufacturing 


of quality products and a safe and good environment for the workers. To accomplish this, two 


generic pre-studies will be produced as supporting literature. One study for production 


technologies and one study for Lean manufacturing. The two studies will be used as a support 


for arguments for the different choices and conclusions we make in our main study.  


This Bachelor Thesis is a theoretical study and takes form of a written report with drawings and 


illustrations. The sources used are internet, personnel of KPS and literature in form of books. 


Project expenses are literature and printing of reports and poster. 
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1.1 Document Overview 


This document is one of many reports in the Bachelor Thesis 2012-2.    


The Figure below will give an overview and placement of the reports and documents for the 


Bachelor Thesis 2012-2. The textboxes represents documents and the green box is representing 


this document. The Appendix documents are not listed.  


 


 


Figure 1 - Document Relation 


1.2 Document Purpose 


This document is a continuation of the report, Concept Study. The Concept Study report 


concludes with a chosen concept for the production of Protector Medium Caliber. The chosen 


concept is in this report developed in more detail, at a general level for the whole process of 


production. The report describes layout solutions for different production scales and present all 


elements involved in the production area.  
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2 Lean Strategy 


The Concept Study report concludes Concept 3, half and half, as the chosen concept for our 


assignment. We have looked at several steps in the process I. e. time schedule for the assembly, 


test and packaging. We did this to get a clear view of the concept. On the other hand, there are 


a lot of factors that are not taken into consideration. 


This report will discuss and evaluate different subjects related to the layout that has not been 


properly resolved. It is therefore necessary to describe the concept at this stage, to get a better 


understanding of what we are working on. Concept 3, half and half, is based on the principle of 


separating the assembly, test and packing into a dedicated area including all the necessary 


equipment and fixtures. We don’t want to move neither the product nor the workers 


unnecessary (“Lean Strategy”, chapter 6, Lean Report) and this concept takes that into 


consideration. The workers will have their own work areas and the product will only be moved 


two times in its production cycle.  


Before we can plan a production layout it is important to define the goals that the business 


wants to accomplish. With clear defined goals, it is easier to find the right strategy.  The goal for 


KPS is to reduce the circulation rate (“Lean Strategy”, chapter 6, Lean Report) as much as 


possible. To accomplish this we need to implement the lean strategy – continuously elimination 


of waste to achieve high flow efficiency (low circulation rate). Of the three concepts, Concept 3 


was the one with the highest flow efficiency and is also one reason to why we chose that 


concept for further improvement. 


There are several advantages with choosing a strategy with high flow efficiency: 


 Capital and capacity is not held unnecessary.  


Capital: If the product is held and stored over a long period this will result in capital 


bound. The different suppliers want their payment after a short period. If the product is 


stored, or the supplies are stored over a long period before the customer pays for the 


final product, the capital is held unnecessary. 


Capacity: if the circulation rate is low, the product will not bind capacity in form of 


attention from workers, information flow, planning and other types of recourses. This 


can also be customers that want to be informed at several stages of the production; this 


is a demand of resources.  


 Lower cost of storage and management. If the product or any sub components is stored, 


it will demand a need of storage. It will also demand a need of handling (workers), 


administration, building cost, electricity, security and logistics management. 


 Less transportation. The product needs to be transported at several stages. If the 


circulation rate is increased, this will demand a greater amount of handling. This will 


also affect the transportation of information. With lower flow efficiency, the 


information connected to a product is often read unnecessary. This is due to rework 


when starting on a product that has been stored for some days. This can be compared 


to not answering an email immediately if you can answer it. If you just delay it, it will 


often result in rereading it at least twice. 
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 Maintain the overview. A lot of units in production at the same time can easily lead to 


disorder. There will be more materials and sub components floating in the production 


area, the workers might therefore lose the overview. If you lose the overview, you need 


to spend more time in finding what you are looking for, which is waste of time. This will 


also affect the information flow. If a lot of units are being stored after they are finished, 


the business will spend unnecessary time with categorizing, structuring and sort 


because of the lack of overview. If a customer demands some changes to a product, it 


might be difficult to know where the product is in the process.  


This might also be the case if there are more workers involved, more workers to handle 


might lead to lack of overview. In our production, the chosen strategy should not affect 


the amount of workers, just the circulation rate. 


 Lower rate of human errors. It is shown that if a product has a longer period in 


production (circulation rate) with more units produced at the same time the human 


error will increase. This is simply because humans tend to forget when there are several 


units to keep track on, and operations that are stretched over a long period. 


 Lower rate of errors. If a production layout consist of a lot of flow units, it might be 


difficult to discover any errors or quality issues before a whole batch is finished. A 


shorter circulation rate means less time between each feedback loop. 


 Less need of secondary demands. If the customer is waiting for the product over a long 


period, it is more likely that secondary demands will occur more frequently. The 


customer might want information of the process or other demands. This is unnecessary 


use of resources, which should be used to value adding activities (“Lean Strategy”, 


chapter 6, Lean Report).  


 Less risk for breach of contract. If the customer needs to wait for the product, he/her 


might change the specification due to changes in the market or changes in the 


customer’s needs. In our production the product is complex and it’s therefore not likely 


that the customer easily can choose another manufacturer, but changes in the contract 


might occur. 


[1] 
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3 Human Resources 


From the selection of Concept 3 which we call “Half and Half”, we will study closer how the 


production can be done in terms of manpower. As mentioned in the conclusion of the Concept 


Study, this concept requires two assembly fixtures, three test fixtures, one packing fixture and 


one backup fixture for Case 1 (five per week) and one assembly fixture, one test fixture, one 


packing fixture and one backup fixture for Case 2 (one per week). 


The only need of work skills for the workers in the production process is either a mechanical, 


electrical or process certificate or other relevant experience to do the assembly operations. The 


test operations need more specialized workers. This will either be an engineer with relevant 


experience or a technician that will be trained and specialized. In this coordination of human 


resources we will not include the needed manpower for the backup station. If a product has to 


be moved to the backup station, there will be an own team from the engineering department 


that will execute the troubleshooting.  


The estimated effective work hours, per day, for one worker are six hours (requirement 


K03.19). And total work hours are 7.5 hours per day (requirement K03.20). There are five work 


days per week. For the inspector we assume that effective and salaried hours is the same. The 


inspector will have different inspections in a facility (different products). We therefore assume 


that the cost of his work is equal to two salaried hours. 


There is an opportunity to reduce the assembly time by adding more manpower, but with a 


maximum of two workers per assembly station. For instance two workers per day, means 


twelve effective work hours. It is not possible to reduce the test or final inspection time by 


adding more manpower to these stations; therefore it will be no need for more than one 


person on test stations (requirement K03.15). The assembly takes eighteen hours, excluding 


protection cover. This means that if two persons execute the assembly on daytime, the product 


will be ready for testing after nine hours or 1.5 work day.   


There is a requirement that there is no more than one worker at every test station. The IHT and 


FAT times is locked, and takes six and ten hours, where the product first will conduct an IHT 


smoothly before a FAT test is carried (requirement K03.18). These testes will also run 


separately from the assembling (requirement K03.16). This means one person testing for three 


days working only daytime. The final inspection will be executed by one specialized 


worker/quality manager. There is an extra requirement from KPS that there is at least 1.5 and 


not more than two workers at the assembly station at all times (requirement K03.13 and 


K03.14). The reason for not having more than two workers is that it will be crowded and it is 


not economically viable. Because handling of units/boxes and cranes while assembling there 


should be at least one worker at the assembly station plus an extra person that can assist when 


necessary (noted 1.5 worker). This requirement came up later in the process, and should be 


considered in the following parts of the report. This will not affect the chosen concept. Table 1 


shows the time for each process in the production. 
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Table 1 - Assembly Stream 


Assembly Stream 


 No Elements Time 


1 Main frame 2h 


2 Weapon elevation 3h 


3 Elevation motor 2h 


4 Cover support 2h 


5 


El. Box: Ethernet switch 


4h 


El. Box: GIU box 


El. Box: Battery box 


El. Box: MSU 3x 


El. Box: GCU box 


El. Box: Charger unit 2x 


El. Box: PDU 


El. Box: HPDU & Coax cocking amp 


6 64 Cables 2h 


7 Weapon & ammo box  2h 


8 Sensor unit 1h 


9 IHT (In house test) 6h 


10 Protection cover  2h 


11 FAT(factory acceptance test) 10h 


12 Final inspection 2h 


13 Packing 4h 


  = 42h 
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3.1 Case 1, Five per Week 


The production process can be executed in several ways, regarding shifts. There is a possibility 


to work daytime, evenings and nights to satisfy the requirement of producing five products per 


week.  


When producing one product per day, the process design determines how we should set up the 


shifts. It can be all from having many workers on daytime working on several stations 


sequentially, or have few operational stations and several shifts working both day and night. 


The number of fixtures is predefined for the chosen concept, as mentioned earlier. 


3.1.1 One Shift 


By working only daytime, Monday to Friday, there is a possibility to have all the fixtures 


operational. By having three workers to execute the assembly on the two assembly stations, 


this part can be done in two days, or twelve effective hours. When a product is assembled and 


moved to the test station, the workers will start up with a new assembly. When the IHT and FAT 


is ready, the product will be moved to a packing area where a quality inspector will have a final 


inspection of the product before it is packed. The tests take three days; with three testers they 


should be able to handle all units from the assembling. After a startup phase it will be possible 


to produce one product per day. This is illustrated in Table 2 below.  


Table 2 - Flow of Testers, Five per Week, One Shift 


 Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 


Day 1 Assembly 1     


Day 2 Assembly 1 Assembly 2    


Day 3 Tester 1 Assembly 2 Assembly 1   


Day 4 Tester 1 Tester 2 Assembly 1 Assembly 2  


Day 5 Tester 1 Tester 2 Tester 3 Assembly 2 Assembly 1 


Day 6  Tester 2 Tester 3 Tester 1 Assembly 1 


Day 7   Tester 3 Tester 1 Tester 2 


Day 8    Tester 1 Tester 2 


Day 9     Tester 2 


 


Inspection and packing take one day, and will be done on a separate packing fixture after the 


tests are executed. This will result in producing one product per day. The backup fixture will 


only be used in case of failure. Table 3 illustrates the steps for one product and shows the 


number of workers multiplied with effective work hours for each step in the production. The 


grey color in the table indicates that these operations will be done parallel with the other 


processes in a separate area and not interrupt in any way. The packer will have a spare time of 
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two effective hours every day, while the inspector works; this time should be used to inspect 


the production area. It should be developed a check form which can be used to control safety 


aspects and orderliness of the production area (“5S”, chapter 4.1, Lean Report). 


Table 3 - Five per Week, One Shift 


No. Process Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 


1 Main frame  1.5w * 1.33h      


2 Weapon elevation 1.5w * 2h      


3 Elevation motor 1.5w * 0.33h      


4 Cover support 1.5w * 0.33h      


5 El. boxes  1.5w * 1.66h     


6 Cables  1.5w * 0.33h     


7 Weapon /ammunition  1.5w * 0.33h     


8 Sensor unit  1.5w * 0.66h     


9 IHT   1w * 6h    


10 Protection cover    1w * 2h   


11 FAT    1w * 4h 1w * 6h  


12 Final inspection      1w * 2h 


13 Packing      1w * 4h 


 


As we can see, the product will be finished and ready for shipment after only five days. This 


means that the circulation rate will be five days, and the cycle time will of course be one day 


(five per week). This gives the highest possible flow efficiency with our requirements and using 


only daytime workers. We could reduce this circulation rate with one day if we handle the 


inspection and packing at the evening as mentioned earlier, this would increase the flow 


efficiency which is our goal (“Lean strategy”, chapter 6, Lean Report). On the other hand, this 


might not be the most important change for achieving high flow efficiency, since both packing 


and inspection can be value adding activities. To minimize the circulation rate by not leaving 


the product waiting before testing, or waiting for the next step in the assembly process is a 


more important goal. The total need of manpower is three assembly workers, three testers, 


one packer and the inspector. The total salaried work hours per week will be 272.5 hours, this 


include 7.5 hour for a work crew of seven, five days a week plus two hours of inspection every 


day. Table 4 shows the weekly salary cost for this solution. 


Table 4 - Cost of One Shift, Five per Week 


Cost Drivers Salary Cost 


Personnel 272.5 h/week * 700 NOK/h  


=  190 750 NOK/week 







0901P Production Layout 2012-05-24 


Rev.: - Bachelor Thesis 2012-02 Page 15 of 60 
 


© BUC, Kongsberg, Production Technology  
 


3.1.2 Two Shifts 


By working day and evening shifts, Monday to Friday, the effective work hours can be increased 


from six to twelve hours per day. This means that if two workers do the assembly, one product 


will be assembled after 1.5 complete workdays or within two shifts. This means that the 


workers, who assemble on the evening shift, can pack the finished product from another unit. 


The next day the workers in the assembly area will start on assembling a new unit. The tests 


and inspection are done in two days. With two testers working day time and one tester working 


in the evening this will result in producing one product each day. The evening tester will work 


on unit one the first day, unit two the next day and so on. This means that there is no need for 


more than three operational stations, one assembly fixture and two IHT/FAT fixtures. The other 


assembly fixture and test fixture can therefore be leaved unused.  


In relation to this there will be two persons on each assembly jig and one person on each test 


jig. The backup fixture will only be used in cause of failure. 


The assembly workers on the evening shift will only work five effective hours, they can 


therefore inspect the production area. It should be developed a check form which can be used 


to control safety aspects or cleanliness of the production area. Since they are two, this will add 


up to two effective hours every evening, which should be plenty of time to inspect and solve 


problems (“5S”, chapter 6.1, Lean Report).  


Table 5 illustrates the steps for one product and shows the number of workers multiplied with 


effective work hours for each step in the production. 


Table 5 - Five per Week, Two Shifts 


 Day 1 Day 2 Day 3 


 D
ay Sh


ift 


No Process  No Process  No Process  


1 Main frame  2w * 1h 9 IHT 1w * 6h 11 FAT 1w * 6h 


2 Weapon elevation 2w *  1.5h       


3 Elevation motor 2w* 1h       


4 Cover support 2w * 1h       


5 El. boxes 2w * 1.5h       


 Even
in


g Sh
ift 


5 El. boxes 2w * 0.5h 10 Protecti
on cover 


1w * 2h 12 Final 
inspection 


1w * 2h 


6 Cables 2w * 1h 11 FAT 1w * 4h 13 Packing 2w * 2h 


7 Weapon and 
ammunition 


2w * 1h       


8 Sensor unit 2w * 0.5h       


 


As we can see, the product will be finished and ready for shipment after only three days. This 


means that the circulation rate will be three days, and the cycle time will of course be one day 


(five per week). This gives the highest possible flow efficiency with our requirements and using 


two shifts. We could use more personnel on the assembly station to achieve a shorter 
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circulation rate, but this would be at the expense of more non-value adding activities and 


general waiting for the product. This would be more like a strategy of high resource efficiency, 


which is not a way of lean thinking (“Lean strategy”, chapter 6, Lean Report). This solution is 


therefore best suited for our assignment regarding two shifts. 


The total need of manpower are seven person`s (four assembly workers and three testers) plus 


the inspector. The total work hours per week will therefore be 272.5 hours, seven persons 


working 7.5 hour per day, five days a week plus two hours of inspection every day. 


Table 6 shows the weekly salary cost for this solution. The additional salary for working 


evenings is not included. 


Table 6 - Cost of Two Shifts, One per Day 


Cost Drivers Salary Cost 


Personnel 272.5 h/week * 700 NOK/h  


=  190 750 NOK/week 


3.1.3 Three Shifts 


There is a possibility to work day, evening and night shifts to satisfy the requirement of 


producing one product per day. At KPS this is not an option to work night shifts. So this will no 


further be discussed. 


3.1.4 Discussion 


As we can see from the two solutions above, the two shifts have the same salary cost as 


working only daytime. But in the cost calculation the cost of working evening is not included. 


This means that the cost for this solution can be higher than calculated.  


In these solutions the assembly and the tests will be executed by different workers, which 


mean that there are different requirements of training/specialization. For the two shifts 


solution, one tester will start the test procedure on the evening shift and another will continue 


on the next day shift. This requires coordination which is not necessary for the solution of 


daytime working. 


The capacity of the two solutions can be increased by increasing the manpower. In example it 


can be used three shifts to increase the capacity. For the solution of two shifts there will be an 


unused test jig, if this jig is equipped with tools, it might be used as a production jig. By 


increasing the manpower this might be a solution to increase the capacity. With the daytime 


solution it might not be easy to increase the capacity, because of the restriction in production 


area and the fact that all jigs are in use. 
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3.2 Case 2, One per Week 
The need for jigs will be one jig for assembly, one for tests, and one for backup.  


Since the production takes forty-two hours, and there are thirty effective work hours a week, 


there is a need to compress the production to satisfy the requirement of producing one 


product per week.  


3.2.1 One shift 


As mentioned earlier, this concept requires one production jig, one test jig, one packing fixture 


and one backup jig. To compress the production to satisfy the requirement of producing one 


product per week, it will be a need of two workers to do the assembly. The assembly can be 


done in 1.5 days, which means that the product will be moved on to the test jig, tested and 


inspected the last 3.5 days of the week. The packing can be done parallel with the tests; the 


unit shall therefore be moved to a separate packing fixture after the final inspection so it can be 


packed the next week. 


By executing the production this way, there is a need for two workers plus the inspector. One 


of the two workers that assemblies will execute the tests and the other worker will do the 


packing. 


From this, one worker will not have tasks the whole week. So there is a need to find tasks for 


this person. One example is to have responsibility for controlling equipment and work place. If 


this person works three days a week at this production area, it will add up to a total of five 


effective spare hours. In addition to this, the other worker will have a spare time of three hours 


every week (day two and five). Eight effective hours of production area inspection might be too 


much for a small production like this. 


Table 7 shows the number of workers multiplied with effective work hours for each step in the 


production. The yellow color in the table indicates that the packing will be done two days after 


the assembly is tested and parallel with testing of a new product. 
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Table 7 - One per Week, One Shift 


No Process Day 1 Day 2 Day 3/8 Day 4 Day 5 


1 Main frame  2w * 1h     


2 Weapon elevation 2w * 1.5h     


3 Elevation motor 2w * 1h     


4 Cover support 2w * 1h     


5 El. boxes 2w * 1.5h 2w * 0.5h    


6 Cables  2w * 1h    


7 Weapon /ammunition  2w * 1h    


8 Sensor unit  2w * 0.5h    


9 IHT  1w * 2h 1w * 4h   


10 Protection cover   1w * 2h   


11 FAT    1w * 6h 1w * 4h 


12 Final inspection     1w * 2h 


13 Packing   1w * 4h   


 


The disadvantage with this is as mentioned earlier that one worker will have a lot of spare time. 


To solve this we can use the same matrix, but instead of only one worker packing the product, 


the other worker can assist for one hour, before he/her starts on the IHT. This means that the 


full-time worker will have two effective hours, every fifth day to inspect the production area. 


The part-time worker will only work two days a week at this production facility, and can 


therefore be useful at other areas the other days. 
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Table 8 - One per Week, One Shift Two 


No Process Day 1 Day 2/6 Day 3 Day 4 Day 5 


1 Main frame  2w * 1h     


2 Weapon elevation 2w * 1.5h     


3 Elevation motor 2w * 1h     


4 Cover support 2w * 1h     


5 El. boxes 2w * 1.5h 2w *0.5h    


6 Cables  2w * 1h    


7 Weapon /ammunition  2w * 1h    


8 Sensor unit  2w * 0.5h    


9 IHT  1w * 2h 1w * 4h   


10 Protection cover   1w * 2h   


11 FAT    1w * 6h 1w * 4h 


12 Final inspection     1w * 2h 


13 Packing  1w * 4h    


 


The total need of manpower is two persons plus the inspector. This will add up to a total of 54.5 


work hours. This includes one person working full-time (7.5 hours, five days a week) and one 


person working full-time two days a week, plus the inspector working two hours a week. 


Table 9 shows the weekly salary cost for this solution 


Table 9 - Cost of Daytime, One per Week 


Cost Drivers Salary Cost 


Personnel 54.5 h/week * 700 NOK/h  


=  38 150 NOK/week 


3.2.2 Discussion 


When producing one product per week the need of jigs and manpower are only three fixtures 


(plus backup) and two persons (plus the inspector). If we want to increase the production 


some, it should be a solution to increase the manpower. 


In this solution the assembly and tests are executed by the same persons, which mean that the 


workers need training/specialization for both the assembly and tests. 







0901P Production Layout 2012-05-24 


Rev.: - Bachelor Thesis 2012-02 Page 20 of 60 
 


© BUC, Kongsberg, Production Technology  
 


4 Startup Phase 


The startup phase needs to be evaluated to get a clearer view of the whole production 


planning. In the beginning of a new project, the workers and others involved must be given 


some time to get sufficient experience. After producing a series of units, when the volume is 


increased, the production will become a lot more productive. How efficient the production will 


be is described in the previous chapters (Human Resources) where the hours of assembly 


elements are shown, the assembly time is set to eighteen hours. This would be an optimal 


circulation time for the assembly. The testing and the other parts of production will not be 


affected by the startup phase, and should run with the same time as mentioned earlier, even in 


the startup phase. 


The number of units produced before the circulation time for assembly is eighteen hours, is set 


to a hundred units. This is equal to the number of units produced after twenty weeks for Case 


1. For Case 2, it will take hundred weeks to accomplish the same amount of units as Case 1. 


To evaluate the startup phase, we need to implement a new term: the learning curve. To 


understand the learning curve, we need to describe the learning percentage. The learning 


percentage is described as a constant percentage of decrease in assembly time each time the 


quantity of units is doubled. If the rate of improvement is 20 % between each batch of doubled 


quantities, then the learning percentage would be 80 % (100-20=80). Based on NASA’s 


calculation [2], we choose a learning percentage of 90 % which is common in different 


production situations (electronics manufacturing, machining, welding operations etc.). In our 


assignment the parts will arrive at pallets and with crane, so most of the production will be 


done with preassembled parts (see chapter 6). 


To find the learning curve based on: the time per unit for full production (18 hours), number of 


units before full production (100 units) and the learning percentage (90 %), we need to 


calculate the total time spent on producing 100 units. Then we need to divide this number with 


the doubled learning percent and divide it on 100. The formula would be: 


      


     
. This is equal to the total time spent on producing half as many units, because: time 


spent on producing x units = time spent on producing 
 


 
 units * 2 * 0.90. We will continue this 


process until we have reached about one produced unit. 


If we use a spreadsheet to calculate the total time for production with different amount of 


produced units, we will find the following relationship (Figure 2). 


 


Figure 2 - Startup, Time per Unit 
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The time for producing the first unit will be 38 hours. This calculation is based on Case 1, but 


since the calculation is based on total number of produced units, it will be the same for Case 2 


only with an extended amount of time. The learning curve based on number of units will 


therefore be the same for both case 1 and 2 (see Figure 3): 


 


Figure 3 - The learning Curve, Time per Unit 


In Figure 3 above the assembly time per unit will end up at 18 hours/unit (marked in red) after 


100 produced units. The next two sections will elaborate how this startup phase could be 


solved regarding personnel to solve the demand within Case 1 for a better understanding. 


First period:  


As we can see from Figure 3, there will be a lot of changes in the assembly time at the very start 


because each doubled batch will give a ten percent decrease in time for the next batch. We will 


therefore look at the first five produced units, the average time for producing five units would 


be about: 37.6 * (0.92.5) = 28.9 hours per unit. To have a small safety margin, we will use 30 


hours per unit for the first five units. This will be in addition to eighteen hours or three days of 


testing. The calculation is based on the following: For each time the production is doubled, the 


assembly time will decrease with 10 % (0.9). Since we calculate with five units and not six, there 


will be 3 * 
 


 
 = 2.5 cycles of doubled batches. 


In this first period, there is a need of five assembly personnel divided on two assembly jigs, two 


persons permanent plus one person with specified work tasks at both stations. We can assume 


that two and a half men are equal to 15 effective hours for each assembly jig, each day. There is 


a requirement of not having more than two workers in each assembly cell because it will not be 


efficient. On the other hand, the startup phase will have a demand of more workers, and will 


not be affected by this requirement. There is also a need for three test stations. The logistic of 


personnel for the assembly jig will therefore be as seen in Table 10. 
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Table 10 - Startup, First Period, Case 1 


 Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 


Day 1 Assembly 1      


Day 2 Assembly 1 Assembly 2     


Day 3 Tester 1 Assembly 2 Assembly 1    


Day 4 Tester 1 Tester 2 Assembly 1 Assembly 2   


Day 5 Tester 1 Tester 2 Tester 3 Assembly 2 Assembly 1  


Day 6  Tester 2 Tester 3 Tester 1 Assembly 1 Assembly 2 


Day 7   Tester 3 Tester 1 Tester 2 Assembly 2 


Day 8    Tester 1 Tester 2 Tester 3 


Day 9     Tester 2 Tester 3 


Day 10      Tester 3 


 


As we can see, the 6th unit will be finished (without packing and inspection) after ten days or 


two weeks for a production of five per week (Case 1). 


The second period:  


The second and last startup period will be the period where the demand of assembly workers 


can be reduced from five to four, divided on two assembly stations. Four assembly workers 


divided on two assembly stations is equal to 12 effective hours each day on each station. With 


the same logistics as in Table 10, it can be produced five units per week if the effective 


assembly time is at maximum 24 hours. An assembly time equal 24 hours can be reached after  


         
         


       
                         , by using interpolation from Figure 2. In 


other words, after sixteen produced units, the demand of assembly workers can be reduced to 


four.  


This will be the last period, before a demand of three assembly workers occur, as described in 


chapter 3.1.1. 
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5 Layout 


As a conclusion of the previous chapters of Human Resources and Startup Phase, we can 


present the overall layout for the two cases. These layouts are seen in Figure 4 (Case 1) and 


Figure 5 (Case 2). These layouts can also be found in appendix E02 and E03 with higher 


resolution. 


  


Figure 4 - Layout 1, Case 1 


Figure 4 shows the layout for Case 1 which produces five units per week. This layout has two 


assembly stations, three test stations, one backup station and one packing station. The figure 


also shows the aisle for transportation by forklift and pallet truck. The red arrows indicate the 


transportation of the product through the facility. A reduction of time for transportation is an 


important part of the lean strategy. For the case of producing five units per week a reduction in 


the length for transportation between the stations will be handled by placing the test stations 


in between the assembly stations. The packing area is also close to each test station. 
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Figure 5 - Layout, Case 2 


Figure 5 shows the layout for Case 2, which produces one unit per week. This layout has one 


assembly station, one test station, one backup station and one packing station. The figure also 


shows the aisle for transportation by forklift and pallet truck. The red arrows indicate the 


transportation of the product. A reduction of time for transportation is an important part of the 


Lean strategy. The stations are therefore placed in such a way that the distance between them 


will be minimal. 


The following parts of this report will go deeper into each element of this layout, and describe 


several details developed for this production. The following parts are: 


6. Assembly station 


7. Test Station 


8. Backup Station 


9. Packing Station 


10. Overall 


The last part of this report is a cost model for the production layout, which can be found in 


chapter 11 Cost Model. 
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6 Assembly station 


To accomplish a good material flow in our production, we will look closer at the assembly 


station, based on a lean strategy. The basic of a lean strategy is to reduce to circulation rate by 


eliminating waste, as described in chapter 2.  


6.1 Parts 


This chapter will explain each part of the assembly done at the assembly station in detail, and 


then explain the function of the storage/transportation equipment developed for the parts. 


Each part or subassembly is given the number 1 – 10 as seen in Table 11. 


Table 11 - Parts for Assembly 


No Parts for Assembly Time 


1 Main frame 
2h 


2 Main frame motor 


3 Weapon elevation assembly 3h 


4 Elevation motor 2h 


5 Cover support 2h 


6 


El. Box: Ethernet switch 


4h 


El. Box: GIU box 


El. Box: Battery box 


El. Box: MSU 3x 


El. Box: GCU box 


El. Box: Charger unit 2x 


El. Box: PDU 


El. Box: HPDU & Coax cocking amp 


7 64 Cables 2h 


8 Weapon  
2h 


9 Ammunition box 


10 Sensor unit 1h 


6.1.1 Main Frame 


The first part of the assembly process is to assemble the main frame. This assembly process 


consists of the mainframe and three rings that will enable the rotating functionality in the 


weapon station. At the bottom of the assembly there will be fitted an adaptor. The main 


purpose of this adapter is to protect the product from damage when it is moved. The adapter is 
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also where the crane will be connected for lifting, before the cover support is mounted with its 


lifting ears for lifting of the whole product. The adaptor is described in more detail, later in the 


report (“Adapter with Lock System”, chapter 4.1, Jig report). The main frame assembly process 


is illustrated in Figure 6. 


 


Figure 6 - Main Frame Assembly  


This assembly needs to be compiled upside-down to get the parts in place. The main frame can 


therefore not be placed directly on to the jig. With this in mind we concluded that the assembly 


station needed a table to do this process, before the adapter was connected. It would also be 


convenient if the table could be lifted with a forklift or pallet truck. The packing can therefore 


take place at the store or where the delivery of parts takes place. We have made a design that 


accommodates these demands, as shown in Figure 7. The table was also designed with a slot 


for the main frame. The slot shall prevent the main frame from falling off the table, both during 


assembling and transportation.   


 


Figure 7 - Main Frame Table 1 


To save space when storing the parts for the mainframe assembly in the production area, we 
wanted to extend the table with a shelving unit. This rack will consist of three shelves, for parts 
that are going to be assembled on top of the main frame ring. The assembly elements are 
shown in Figure 6. On top of these three shelves, there will be a spot for the adapter. The 
adapter can therefore easily be connected to the main frame assembly. The adapter is 
connected to the crane when this operation is executed. This rack and the table are shown in 
Figure 8. 







0901P Production Layout 2012-05-24 


Rev.: - Bachelor Thesis 2012-02 Page 27 of 60 
 


© BUC, Kongsberg, Production Technology  
 


 


Figure 8 - Main Frame table 2 


The rack is constructed in a way that it can be lifted when the table is lifted, and thereby 


transported as one unit. The table will be retractable from the shelf. This requires some heavy-


duty wheels due to the high weight of the parts and adapter, so it can be possible to retract the 


table without using a pallet truck or forklift. An example of heavy-duty wheels is shown in 


Figure 9. A retractable table gives an opportunity to save some space and keep it tidy when the 


main frame is assembled. This is a part of “Seiso” (“5S”, chapter 4.1, Lean Report). 


 


Figure 9 - Heavy-duty Wheels 


The complete main frame table with its components is shown in Figure 10 


 


Figure 10 - Main Frame Table 3 
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Another aspect of this main frame table is to gather all the parts at one place, in a logic system. 


If these parts and the adaptor are packed in the storage, we will accomplish a lot of advantages: 


 No repacking: These parts might come into the storage as a batch of similar parts. If the 


storage personnel unpacks and places similar parts together, someone else needs to 


systemize and find what they want afterwards, when they are starting on a project 


(RWS). By gathering the parts that belong together at once, we don’t need to do an 


unnecessary operation. 


 Visible: If one part is missing, it is easy to see this before starting on a project. It will also 


be easier for the storage personnel, if they handle a lot of parts at once, to see if they 


packed everything needed for each project. 


 Labeling: Each rack can be marked with its project number and description. This reduces 


the risk for using wrong parts in a project.  


 Logic structure: The parts will be set in the order of the assembly process, this saves 


time and will indirectly help the workers, not to put the parts together in the wrong 


order. 


 Reachable: When assembling, all the parts will be within a reachable distance; this saves 


a lot of time and keeps the area tidy. 


All these advantages have one common attribute: they all saves the time used on the project, 


giving a lower circulation rate. This is according to the Lean Report, chapter 6, Lean Strategy. 


6.1.2 Main Frame Motor 


The two motors for the main frame will be assembled after the main frame is moved from the 


main frame table, turned around and put on the jig. The motor assembly is not a directly part of 


the main frame assembly, because it is not done at the main frame table. We will therefore use 


a regular half-pallet (euro-standard) for the storage and transportation of the motors. This 


pallet shall be equipped with a plate, cut after the dimensions of the motors, shown in Figure 


11. This is a way of making the handling much easier in several ways. For the storage worker, it 


is impossible to pack wrong or put extra parts on this pallet. The motors will be stable during 


transportation without the need of time for strapping etc. This will also save time for the 


assembly worker who can avoid the unstrapping. 


 


Figure 11 - Main Frame Motor Pallet 
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6.1.3 Weapon Elevation Assembly 


The weapon elevation assembly consists of a small sub assembly with four parts. This is a large 


cylinder that needs to be mounted on two racks and a weapon cover connected to the cylinder. 


We will use a standard euro pallet to store and transport the cylinder and the two racks. To 


make this assembly as easy as possible, the pallet shall be modified with a frame for the 


cylinder to rest on. This enables us to mount the two racks to the side of the cylinder without 


having to move it from the pallet. It is also beneficial to gather all the parts for the assembly at 


one pallet, as shown in Figure 12. The pallet can afterwards be marked with the project 


number, reducing the risk of failure due to wrong parts. 


  


Figure 12 - Weapon Elevation Pallet  


The weapon cover is 2850 mm long and will therefore need a separate storage and 


transportation unit. By using a frame with wheels adjusted for the weapon cover, we will 


enable both easy handling, when mounting the subassembly and transportation into the 


production area. We will use a long bundle wagon with wheels, as shown in Figure 13. These 


can be bought in all sizes and can be adjusted for the product.  


 


Figure 13 - Bundle Wagon 


With a bundle wagon, the weapon cover can be easily slipped onto the cylinder in the 


subassembly. When the subassembly is finished, the whole part can be lifted onto the jig and 


mounted on the main frame. This is a huge advantage because it will reduce the number of 


lifting operations of the parts.  It will also remove the need for an extra subassembly area. The 


handling of the parts will also be a lot easier because both the pallet and the frame with wheels 


can be transported manually without the need for crane or forklift. This requires that the 
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operation of mounting the weapon cover on ground is possible. Our concept with the weapon 


cover is shown in Figure 14. 


 


Figure 14 - Weapon Cover Wagon  


6.1.4 Elevation Motor 


The elevation motor is a small piece that is the next part of the main assembly process. Since it 


is only one small part, we will use the same principle as in the case of the two motors for the 


main frame. We will also modify the half pallet with shape that is cut by the dimensions of the 


motor, for the same reasons as mentioned under “motor for main frame”. The pallet is shown 


in Figure 15. The part shown in the figure is a slip ring not the elevation motor. We don’t have 


the proper information of the assembly process due to confidentiality, but we know that the 


slip ring will be connected at this point, and has therefore chosen to illustrate this. 


 


Figure 15 - Elevation Motor Pallet 


This pallet looks a little different from the motor pallet; this is simply because it is made from 


the principle of a kit box. A kit box is a box with foam inside, which can be cut by the 


dimensions of the content. A kit box is a simple and cheap way of making a lean storage and 


transportation unit. 
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6.1.5 Cover Support 


The ballistic protection cover support consists of two main plates which forms the foundation, 


two bigger brackets and four ribs. These parts will be assembled on the jig and not 


preassembled as a sub assembly. The only need is therefore a storage and transportation unit. 


We will use a plate trolley with wheels. These can be bought in all sizes and can be adjusted for 


the product to be stored / transported. A regular plate trolley is shown in Figure 16.  


 


Figure 16 - Pallet Trolley 


With this trolley the workers can easily roll it next to the jig when using the parts for assembly. 


Another aspect of using a trolley is to gather all the parts related to one step in the assembly 


process at one spot. The final trolley with its components is shown in Figure 17.


 


Figure 17 - Pallet Trolley with Components 


6.1.6 Electrical boxes 


There are a total of twelve electrical boxes in different sizes to be assembled. We will therefore 


add two shelving units with space for six electrical boxes in each unit. These boxes shall be 


organized in a logic system, in the order of the assembly. Each shelving unit will consist of three 


shelves. In each shelf the boxes will be organized starting at the top from the left, then moving 


to the right. This gives a logic structure which is familiar for the workers since it is the same way 


as reading. Each box shall also have its designated spot; this is solved by making edges at each 


spot in the shelving units with the dimensions of the boxes. The part number of the box shall 
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also be written at each spot. Since there are three MSU boxes and two charger boxes, these will 


be given different color on the marking as well as different part number to distinguish them 


from each other. The overall shelving unit will be given the possibility to be marked with a 


project number, to reduce the risk of taking parts from the wrong project. It will also be given 


wheels for easy transport. The two shelving units are shown in Figure 18.


 


Figure 18 - Shelving Units, Electrical Boxes 


Easy transportation by wheels, demand a nearby storage. This shelving unit is not made for 


forklift transportation or to be rolling on rough surfaces. We don’t have proper information 


about the storage facility in our assignment. However, if the storage is in another building, the 


shelving unit will be fastened to a permanent spot in the production area. The electrical boxes 


will be transported in dedicated kit-case, which will be placed in a marked spot in the shelving 


unit. A kit-case is a regular case with fittings for the right box and used for easy transport into 


the production area, where it can be put in the right place in the shelving unit. 


6.1.7 Cables 


There are a total of 64 cables to be connected in the assembly process. This will demand a good 


system for storage. The main purpose of designing a special cable arrangement is to have a 


system were the cables are organized in spite of being fairly equally. The cables will be 


arranged in the order of their assembly. The cable arrangement is constructed much like a coat 


stand were the cables can be “hanged” over a hook. By adding 64 hooks, each cable can be 


hanged even if they have different lengths and cross-sections. The cable arrangement is shown 


in Figure 19. 
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Figure 19 - Cable Arrangement 


The cable arrangement will also have a plate on top, behind the cables were the part number 


and project number can be written, as shown in Figure 20. 


 


Figure 20 - Cable Arrangement, Zoom 


This cable arrangement will save a lot of time for the assembly workers in several ways:  


 They don’t need to spend time of searching for the right cable when they are about to 


assemble it.  


 They will indirect be guided through the process of assembling the cables without 


connect some cables to early, which will lead to rework. 


 The cable arrangement can be rolled around the jig while doing the assembly process. 


 When a cable is missing, it can be discovered and solved at an early stage without 


delaying the assembly process. 


The cable arrangement will have wheels, both for easy transportation into the production area 


and for rolling around the jig when assembling. 
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6.1.8 Weapon  


The weapon will be lifted and assembled on the jig. The weapon will therefore only be stored 


and transported before it is assembled on the jig. We will use a bundle wagon with wheels for 


this operation. These can be bought in all sizes and can be adjusted for the product. Our wagon 


adjusted for the weapon is shown in Figure 21. The wagon can also easily be moved around 


when attaching the crane for lifting.


 
Figure 21 - Weapon Wagon 


6.1.9  Ammunition box  


There are two ammunition boxes to be assembled at each side of the jig. These can be lifted on 


to the jig, and shall be mounted to the frame as a part of the assembly process. Since there is 


no subassembly, these ammunition boxes will only be stored and transported on standard half-


sized euro pallets. As mentioned earlier, this pallet shall have cuttings by the dimension of the 


ammunition boxes. The pallet can be seen in Figure 22.


 
Figure 22 - Ammunition Box 


6.1.10 Sensor Unit 


The sensor unit consists of a package containing different sensors. There will also be a 


suspension unit for the assembly of the sensor. These two parts are preassembled from a 


supplier, and will most likely be delivered in a special kit box. The most reasonable solution is 


therefore to make a pallet spot for this kit box so it can be transported directly into the 


production area without any handling or repacking. Part number and project number will verify 
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that the right sensor unit is placed at the assembly spot. An example of how this kit box could 


look like is shown in Figure 23. 


  


Figure 23 - Sensor Unit Kit 


6.2 Pallet Transportation 


There is a possibility to buy a trolley with wheels for the transportation of pallets. This is to 


reduce the need for forklift or pallet truck when transporting the pallets into the production 


area. It will also make it easier to move the pallet around in the production area when 


assembling the parts on it, for example when connecting the crane to the parts. Another aspect 


is the height; it is more convenient to lift the pallet above to ground when working on them. 


This will however not be convenient for the storage workers, if it demands the use of lifting 


equipment when handling. It will then just increase the time spent on not value adding 


activities. Our project is limited to the production area, and we do not know for certain how the 


parts will arrive, we can therefore not conclude whether it is a good solution or not. An 


example of this trolley is shown in Figure 24. 


 


Figure 24 - Pallet Trolley 
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6.3 Layout 


Since there is a great amount of parts to be assembled, there is no room for all the parts in the 


assembly area at once. A principle of lean manufacturing is to have a u-shaped cell, where you 


are working yourself around the cell in a clockwise or counterclockwise direction when 


assembling (“One Piece Flow”, chapter 4.8, Lean Report). It is not a good solution to move 


backwards, you shall always move in one direction, and the previous tasks shall be finished 


[3].The reason for this is to maintain a systemized overview and reduce the risk for failure and 


rework. Because of the large quantum of parts, we need to do two “rounds” in the cell. This 


means that the parts will be placed at designated spots after removing the empty containers 


from the first round. Figure 25 gives an overview of the first round in the assembly process. As 


seen in the figure, each part or subassembly will have their designated spot. The parts are put 


in the right order of the assembly process, by moving clockwise in the figure, starting from the 


main frame table. A crowded area leads to ineffectiveness therefore the cell will be spacious, 


making room for the assembly process (“5S”, chapter 4.1, Lean Report). It is also important that 


the cell is not too spacious because this will lead to accumulation of parts or equipment that 


doesn’t belong in the respective area [3]. 


 


Figure 25 - Assembly Layout, First Round 


Figure 26 shows the second round of the assembly process. This layout is made out of the same 


principals as the first round: logic structures were you are guided through the assembly process 


by moving in a loop, or a u-shape. 
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Figure 26 - Assembly Layout, Second Round 


The area shown in Figure 26 is the other assembly station, used for the production of five units 


per week. As we can see, the direction is also clockwise. The second assembly station will 


therefore not be a mirror image of the first assembly station, due to the layout in the facility. It 


might sound like non lean strategy to not have two identical stations, but the logic system by 


moving clockwise speaks in favor of having completely identical cells. It feels more natural for a 


human to move and work in a clockwise direction, and will therefore lead to higher efficiency. 


The spots will of course be placed in the same order; it will only result in two different layouts 


seen from above, as in Figure 27. In other words, the cell will feel absolutely the same for the 


workers. 


 


Figure 27 - Assembly Layout, Above Both  
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To avoid any confusion, the contour of each element described above will be marked on the 


floor, as seen in Figure 28. 


 


Figure 28 - Marking 


A marking on the floor avoids accumulation of parts or equipment that doesn’t belong in the 


area, and it will become more visible for all personnel when something is misplaced. There will 


be separate color defining the first and second round. The first round is marked in green and 


the second will be marked in blue. The content shall also be written on the floor, with the given 


number according to Table 11. The spot for the tool cabinet (at the assembly stations) is 


marked in orange. This is seen in Figure 29. 


 
Figure 29 - Assembly Layout, Marking with Detail 
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6.4 KPI – Key Performance Indicator 


A performance indicator or key performance indicator is used to measure key parameters. The 


key parameters are defined by the goal of the business. Since our goal is lean manufacturing, 


and thereby shorter circulation rate, the key parameter will be measurement connected to the 


achievement of short circulation rate. By constantly measure the progress, delays can be 


detected at an early stage, avoiding lag in the production. In the assembly area it is important 


to keep progress; delays will affect the rest of the production. The assembly process has a total 


of 18 effective hours, and will be executed within two workdays for our two cases, five per 


week and one per week. As described in chapter 6.3, the u-shaped cell is split into two turns by 


dividing the process in two equal laps. There is a possibility to measure halfway into the 


assembly process whether the process is on track or not, but this measurement is not as 


frequently as desirable. We will therefore add extra measurements. The time used for each 


operation shall be marked on the floor in a line with arrows making up the assembly process. 


By time, we are talking about time comparable to a stop watch hanging in the assembly area. 


The time will not consider scheduled breaks, meetings etc. The first line is marked in green, and 


the line for the second round will be marked in blue. The lines are shown in Figure 30. 


 
Figure 30 - Assembly Layout with KPI-lines 
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6.5 Conclusion 


All the chapters above can be summarized in a more productive assembly station, with a lean 


strategy. Some general advantages by choosing the described layout will be highlighted: 


 No repacking: The parts might come in as a batch with other similar parts into the 


storage. If the storage personnel unpacks and places similar parts together, someone 


else needs to systemize and find what they want afterwards, when they are starting on 


a project (RWS). By gathering the parts that belong together at once, we don’t need to 


do an unnecessary operation. 


 Easy handling: The parts will be placed in a container (e.g. kit box) to eliminate the time 


spent on strapping / unstrapping. 


 Visible: If one part is missing, it is easy to see this before starting on a project. It will also 


be easier for the storage personnel, if they handle a lot of parts at once, to see if they 


packed everything needed to each project. 


 Labeling: Each rack can be marked with its project number and description. This reduces 


the risk for using wrong parts in a project.  


 Logic structure: The parts will be set in the order of the assembly process; this saves 


time and will indirect help the workers to not put the parts together in the wrong order. 


 Reachable: When assembling, all the parts will be within a reachable position; this saves 


a lot of time and keeps the area tidy. 


 Movement: The units will be equipped for the most convenient method of movement. 


By reducing the time spent on forklift and crane, the non-value adding time will be 


decreased, due to easier handling and thereby shorter handling time. 


 Subassembly structure: Each subassembly unit will be equipped with the most 


convenient assembly structure. This reduces the time spent on unnecessary or 


cumbersome operations. 


 Layout structure: The overall layout is logic and the steps of the assembly process are 


gone through one by one, clockwise, where each part or subassembly has its designated 


spot. 


 KPI: The floor will be equipped with key performance indicators for continuously 


measurement of the progress, delays will be found in an early stage. 


All the highlighted bullet points above will lead to a lean layout where the 7 wastes are reduced 


(“Lean Tools”, chapter 4.0, Lean Report). 


All these changes will lead to decrease in the assembly time. We do however not have detailed 


information about the production methods and the background of our given production times. 


We can therefore not go more in detail about the “saved” time after implementing our lean 


layout. The following chapters is therefore based on our given production time of 18 effective 


hours. 
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7 Test Station 


The test stations will not consist of a lot of operations, but the operations, that will take place 


at the test stations, are shown in Table 12. 


Table 12 - Processes of Testing 


Elements Time 


IHT (in house test) 6h 


Protection cover  2h 


FAT(factory acceptance test) 10h 


 


Content:  


The test stations will include a table with a computer and a control grip for testing of the RWS, 


in addition to a jig. The control is the same type as the one used when the product is in daily 


operation. As described in chapter 10.5 the test stations have fences separating the safety zone 


from the facility due to dangerous testing procedures. The operational table is therefore placed 


outside the safety zone. 


Test equipment shall always be available, and easy to locate (requirement K03.11). If any fault 


is found and troubleshooting is needed, there will be necessary with some extra equipment. In 


such case, there will be necessary with a mobile table with a laptop for closer failure search. 


This is not according to a lean strategy, as we will describe in more detailed in chapter 8. KPS 


will however use this mobile table for shorter failure operations to avoid movement of the 


RWS. The dimension, cost or function of this equipment is not provided, there is however 


modeled a post in the layout where such equipment can be placed, as seen in Figure 31. 
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Figure 31 - Test Station 


Protection Cover Assembly:  


Beside the test procedure, there will be a short process were the protection cover will be 


assembled. This process is performed after the in house test (IHT) and before the factory 


acceptance test (FAT). To eliminate unnecessary transportation of the product (“Lean Tools”, 


chapter 4.0, Lean Report), this short process will take place at the test jig before the FAT is 


performed. Due to this assembly process there will be a need of a tool cabinet and a spot for 


the parts to be stored. The tool cabinet is described in chapter 10.1, and is placed inside the 


test area at a designated spot. 


The protection cover consists of several plates to be connected to the protection cover support. 


These parts will be assembled on the jig and not preassembled as a sub assembly. The only 


need is therefore a storage and transportation unit. We will use a plate trolley with wheels. 


These can be bought in all sizes and can be adjusted for the product to be stored / transported. 


A regular plate trolley is shown in Figure 32.   


 


Figure 32 - Pallet Trolley 
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With this trolley the workers can easily roll it next to the jig when using the parts in the 


assembly. Another aspect of using a trolley is to gather all the parts related to one operation of 


the assembly process in one spot. The final trolley with its protection cover components is 


shown in Figure 33. 


 


Figure 33 - Pallet Trolley with Protection Cover Components  


The trolley is placed outside the safety area, for easier handling of the store workers, while 


testing. 


Marking:  


A marking on the floor avoids accumulation of parts or equipment that doesn’t belong in the 


area, and it will become more visible for all personnel when something is misplaced. There will 


be separate color defining the spot for the tool cabinet and the pallet trolley. The content is 


also written on the spot. The spot for the tool cabinet in the test area is marked in yellow and 


the spot for the pallet trolley is marked in red. This is shown in Figure 31. 
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8 Backup Station 


There will not be any direct operations at the backup station. The backup station’s only purpose 


is to handle delays in the production flow. If one unit is delayed due to lack of parts or failure 


after testing, the product will be taken out of the “production line” and put on this backup jig. If 


the product comes to a stop at the test jig, while waiting for new parts for example, the whole 


production will stop completely. According to this KPS wanted a backup area with a jig for both 


testing and assembling (requirement K03.17). 


A backup jig is not according to lean strategy. The reason for this, despite the ability of 


preventing accumulation in the production line, is because accumulation shall not occur at all. A 


lean strategy would work towards a goal of zero down-time. In other words, the focus would be 


on why these failures occur and how to eliminate them, not just how to solve the problem 


when it occurs. 


At the backup station there will be a demand of both the equipment from the assembly station 


and the test station. It will therefore be a demand for a tool cabinet, as described in chapter 


10.1 and the regular test equipment. The regular test equipment will be a table with a 


computer and a control grip. It will also be a need for a mobile table with different test 


equipment, as described in chapter 7. As a requirement from KPS (requirement K03.22), the 


backup station will need extra test equipment. The dimension, cost or function of this 


equipment is not provided. Our thesis will therefore not go more in detail about this, but as 


seen in Figure 34, we have calculated with extra space on the floor in the backup area for this 


equipment. 


 


Figure 34 - Backup station 
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9  Packing Station 


The packing station is not directly part of our assignment, but the time for packing and 


inspection is taken into account in the chapter Human Resources. Both packing and inspection 


will take place at this station. Directly what the inspection and packing procedure consists of is 


not provided. We do however know that the bottom cover will be sent beside the RWS, as 


described in chapter 4.1, “Adapter with Lock System” in the Jig Report. The adaptor can be sent 


as a part of the product for easy clamping to a transportation unit, this will also protect the 


product while shipping. On the other hand, this will demand an extra transportation of the 


adapter back to the facility. This transportation is not connected to a single product and will not 


increase the circulation rate. According to a lean strategy, we will strive to reduce all non-value 


adding activities as much as possible (“Value Stream Mapping”, Chapter 4.7, Lean report). Two 


possible solutions might be: 


 Lower the cost of the adapter so it can be used as a packing unit, and not sent back to 


the facility afterwards. The costumer will probably not pay for this extra cost.  


 Develop a packing fixture / box where the adaptor can be easily removed while the 


product is packed. This alternative might be more time consuming and will therefore 


increase the circulation rate.  


Due to lack of information about this operation, we cannot go deeper into the development. 


The layout will however have a designated packing spot, with an estimated need of area, as 


shown in Figure 4 and Figure 5. 
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10  Overall 


Beside the previous mentioned inventory in the facility, it is a need of pre-mounted 


compressed air hoses. These hoses are placed along the jig and at spots near the 


subassemblies. The workers can thereby connect the pressurized torque wrench at the spot 


where they are, without long cables. 


Further chapters will discuss elements that are general for the overall area. The overall layout 


for the case of producing five units per week (Case 1) is shown in Figure 35 and Figure 36. 


 


Figure 35 - Overall Layout 2, Case 1 


 


Figure 36 - Overall Layout 3, Case 1 


10.1 Tools 


To accomplish a lean working environment, it is important to have tidy an organized work area 


with nothing that is not needed (“5S”, Chapter 4.1, Lean Report). This is why we have looked 


further into the tools that will be placed in the area.  


The Lean way to organize the tools is to relate the tools to a specific operation. This means that 


if you need to use the wrench three times during the assembly, you will have three wrenches 


located in close distance of where the operation is executed. 
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These tools will not be advanced tools that can perform several operations, but simple tools 


specialized to perform a specific task. This lowers the cost of the tool and you can by several 


equal tools perform similar tasks later in the assembly. 


The jig is probably the place that is most suited to place these tools, because it is placed in the 


middle of the production area and the tools can be placed on each of the sides of the jig. This 


means that the worker only has to turn around to reach the tool he needs for the task he is 


about to perform. The tools can also be placed on the pallet or shelf which the parts are stored. 


To find a good solution for where to put the tools and what tools are needed, you have to know 


every little operation and bolt that is being mounted on the product and in which order. This is 


information that is not available at this moment and makes us unable to go into detail in this 


subject. 


Because of the limited information of the specific operations and the tools that are needed to 


execute them, we have decided to use a mobile tool cabinet that the workers can move around 


the product as they assemble it. This is not the best solution for this kind of production but due 


to the lack of information we have concluded that this is solution that can be defended in a 


Lean production.  


Since this is a Lean production, it might be easy to believe that using two tool cabinets will 


decrease the production time by minimize the time spent retrieving tools. This is not the reality, 


because then you will have twice the tools you need to perform the assembly and the workers 


will have to go back to the same tool cabinet to put the tool back on its designated place. In 


worst case they won’t bother to walk back to the original tool cabinet but place the tool at the 


one that is closest.  


This is why we will have one tool cabinet that include all the necessary tools for the assembly 


and nothing more as a part of Seiri (“5S”, chapter 4.1, Lean Report) which also recover 


(requirement K03.10). For example if you need a set of torque wrench bits, there will only be 


the bits that fits the specific bolts for this assembly. The other bits will be removed and if there 


are several equal operations that can be performed at the same time, there will be two sets of 


bits and two wrenches that can be used simultaneously. 


The tool cabinet will be of a size of around 1.5 meters high, with a wall at the top that has pre-


mounted hooks. At the wall, each tool will be marked at its place, so the workers will know at 


all-time where to hang the tools. The tool cabinet will only be filled with the necessary work 


tools; thereby we can hold the total weight low.  


When designing the tool cabinets, we can use some of the principles from the lean tool 5S. The 


tidiness of the tool cabinet will have a great impact on the production rate; time spent on 


looking for equipment is just waste of time. Even if we know we got the right tools, and don’t 


need to run through the whole facility to find it, it is time consuming to find a tool in a messy 


tray. We will therefore hang all the hand tools (referred to as wall mounted tools) at the wall of 


the tool cabinet were it is easy to find and can be put in a system. We also want to mark the 


background of the wall after the shape of the tool. This will result in a fool-proof system where 


it is impossible to put the tool in the wrong place; it will also be very visible if there is missing a 


tool. This can be seen in the illustration of the tool cabinet in Figure 37. 
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Figure 37 - Tool Cabinet 


The tools will also be marked by which cabinet it belongs to. If each set of tools is marked, it will 


be a lot easier to know where it belongs if it is astray. For marking of the wall mounted tools we 


will use colored tape, attached to the bottom of each tool. The tool cabinets shall also be 


painted in the same color, to match the color of the tools.  


Beneath the shelf it shall be smaller extractable drawers for bolts, screws, nuts, slices etc. These 


drawers are a part of the IPS system, which is explained in more detail in chapter 10.4. 


10.2 Cranes / Element Transport 


In the production facility there will be a lot of heavy parts that needs to be lifted and moved 


from one place to another. The lifting will be too heavy for a person to handle, so it will be 


necessary with lifting equipment that can perform these heavy lifts. There will be several types 


of transportation units. In this chapter we will determine what type of units that’s necessary in 


the production facility and explaining their functions and limitations.  


Cranes:  


In the production hall there will mainly be two different types of cranes that will handle all the 


lifting procedures, where both cranes will be used independently from each other. One 


criterion is that both the cranes need to be in range of the jig for carrying out handling 


operations (requirement K03.21), the two main types are: 


1. Traveling crane which will be used for lifting the complete product of the production jig 


and on to the testing jig and all the heaviest lifts. This Travers crane runs on tracks that 


are mounted in the top of the two longest walls, with a transverse beam hanging over 


them. This transverse beam has a crane that can do lifting procedures in the whole 


building. It needs a minimum lifting capacity of 5000 kg (requirement K03.6).  


2. At each assembly stations there will be placed a smaller swing crane, which will take 


care of all the smaller lifts, where the traverse crane isn’t necessary. This crane is used 


for lifting the different parts that shall be mounted on the product, which is too heavy 
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for a person to lift by hand. The swing crane will be mounted on the floor in a corner of 


the assembly station. The crane must have a lifting capacity of at least 1000 kg. An 


illustration of this crane is shown in Figure 38. 


 


Figure 38 - Swing Crane 


Information about these cranes can be seen in Table 13. 


Table 13 - Cranes 


Type: Max Capacity: Length: Price: Example: 


Swing crane 1000 kg 7 m NOK 100.000 [7] 


 
Traverse 5000 kg 20 m NOK 170.000 [7] 


 


10.3 One Point Lesson 


A common method of sharing knowledge within an organization is by handling knowledge from 


one individual to another. This will in turn lead to poor information due to oblivion, personal 


opinions, etc. In the same way a story will always change by the person who is telling it. The 


variation from this type of training can result in confusion, longer cycle times, rework, and 


defects. 


To ensure a better set of teaching, a lean tool named “One Point Lesson” or “Single Point 


Lesson” can be implemented. This is the method for right teaching, leading to knowledge and 


skills necessary for autonomous maintenance. These lessons will be placed at the point of need, 


because teaching occurs when an opportunity for learning is presented. 
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There are some basic characteristics with these lessons:  


 Communicate a single idea. 


 Visual (pictures, diagrams etc.). 


 Only one page, and focused. 


 Generated at the point of need. 


 Self-initiated and self-thought. 


OPL will never replace work instructions or procedures within regular operation but they will 


simplify and improve other tasks. An important part of OPL is that everyone can make one, it 


does not take long time and thereby everyone can share their ideas. The OPL will ensure that 


everyone knows a better way of doing something. The next time a problem occur everyone 


knows the solution. [4] 


These lessons will be implemented in the production layout, and the opportunity for making 


new OPL shall be encouraged. The amount of lessons will increase by time, but at the very start 


there will be some OPL, for example for crane, main frame table, test equipment etc. 


An example of a typical one point lesson, with extra description for its purpose is shown in 


Figure 39. This lesson is obtained from Fuss & O’Neill Manufacturing Solutions LLC. Other 


examples can be found in appendix F01 – F10 published by Fuss & O’Neill. 


 
Figure 39 - One Point Lesson [5] 
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10.4 IPS - Shelving Unit 


In the assembly area there is also a need for a storage unit for common used components like 


bolts, screws, nuts etc. As mentioned in the chapter about tools, the most efficient way to store 


these components would be to relate every screw and nut to a specific operation. By doing this 


you would eliminate the waste of having a large stock of screws and the screws could be stored 


at the same place as the parts they are going to hold together. To accomplish this we would 


need a deeper insight in the specific operations to be performed. In reality there are too many 


equal bolts in an assembly like this to keep up with this system in a satisfying way. The parts are 


small and easy to lose and they might be faulty. It would be very time consuming to retrieve 


new bolts or screws every time this happens. That is why we have chosen to use an IPS system. 


IPS System:  


The IPS shelving unit is a common lean strategy system. The unit is just for storage of common 


components of the assembly process. Common components are components which are 


reasonable to store in bulk, namely: bolts, screws, nuts etc. These components will be stored at 


one designated rack, called flow rack, in the work cell. This rack is shown in Figure 40.  


  


Figure 40 - Flow Rack 


In the rack there will be two containers with equal content. These are placed in front of each 


other in a shelf that is slightly tilted towards the operator. The reason for this is that when the 


closest box is empty, he can remove it and the next one will slide to the front. The empty boxes 


will be retrieved and replaced by new, full boxes. In this way the operator won’t have to leave 


the work cell to replenish stock. An example of the rack is shown in Figure 41. 
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Figure 41 - Internal IPS Shelving Unit 


Another solution is to put these containers on the jig in relations to the operations where they 


are used. In this way, components will be a lot closer and then faster to obtain for the operator 


when components are needed (“Lean Tools”, chapter 4.0, Lean Report).  


This solution is according to a lean strategy, but it requires more information of the assembly 


process than given in our assignment. We can therefore not go deeper into this solution. As 


described in chapter 10.1 we will choose a solution where the IPS boxes are placed on the flow 


rack. The boxes will still be marked with the content and a number comparable to the 


placement.  


The IPS system works in two steps. The first system is the internal system which we have 


already explained and the second step is the external system. The external system is also a 


shelving unit that works in the same way as the internal system. The empty boxes are put aside 


and once a week an external supplier comes to replenish them with the same kind of content 


and puts them back in the IPS rack. This is a similar rack as the flow rack but in a bigger scale 


and will supply all the flow racks in the production facility. The shelving unit can be seen in 


Figure 42.  


 


Figure 42 - External IPS Shelving Unit 
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This system is an orderly, logic and reliable system where there will always be components for 


the assembly, without having too much stock, which is one of the biggest goals in a Lean 


production (“Lean Tools”, chapter 4.0, Lean Report). 


This system can also be made even more efficient by mounting weights under each box. This 


weight is directly connected to the supplier and an alarm will go of when the stock is low. By 


using this system we can eliminate the need for the second box and thereby reduce the stock 


by half. This is off course more expensive, but all liability is then on the supplier. 


10.5 Safety 


In this chapter we are going to evaluate the dangers that can occur in the production facility. 


We will consider personnel safety, the transportation of goods, people and try to identify all the 


things that can go wrong. Then we will find ways to prevent this from happening. Safety is 


everything from accessible fire exits, protection wear to “fool proof”-systems within the 


production (“6S”, chapter 4.2, Lean Report) 


Accidents and injuries at work cause consequences. It harms the person or equipment and 


causes a lot of extra cost for the company. Examples are finding someone to fill in, training the 


replacement and less efficient use of time. If the accidents are so severe that human life is lost 


the company will get legal reactions from the authorities. 


10.5.1 Personnel Safety 


In a production situation with big components which weigh a lot, the human is the softest 


component. This means that the workers have to be very careful not to get hit or crushed by 


these big parts. There are some simple measures that can be made to prevent this.  


It is very important to protect the employee’s life and health with personal safety equipment, in 


areas where there are dangerous influences. There should be regular controls to check if the 


regulated equipment is being used and the areas where there is a need for safety equipment 


should be clearly marked with visible signs, as showed in Figure 43.  


 


Figure 43 - Personal Safety Equipment Signs [8] 


There must be a requirement to use helmets in the production facility. The reason for this is 


that there will be heavy lifting operation, and assembling and testing of the RWS may be in such 


a height that personnel can get hit in the head of parts or tools. The use of helmets will prevent 


both large and small head injuries. Even a small bump on the head can cause small concussions 


or cuts that are big enough that the person has to go to the emergency room to get patched up.  
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Safety shoes should be in a workplace like this. If parts fall, it’s easy to get your feet crushed 


under it. The shoes shall have rubber soles for avoiding ESD (requirement K03.3).  


Safety glasses and hearing protection might also be necessary if there are operations where the 


eyes are particularly vulnerable or the noise level is too high (“6S”, Chapter 4.2, Lean Report).   


It’s the employer’s job to evaluate if the workplace is potentially dangerous for the workers and 


provide the necessary safety equipment. This is done in collaboration with the safety 


representative. They also have to make sure it’s being used. This also applies if the employee 


has health issues that make the use of this equipment difficult. In these cases facilitation 


measurements should be considered.  


The employer is also responsible for making routines for storage, maintenance and repair of all 


safety equipment. Proper use and treatment decreases the dangers of impairment of the 


equipment’s protective effect. Before the safety equipment is adopted the employer has to 


inform the employees of what dangers the safety equipment protects against. They also have 


to make sure the employees get proper information and training for using the equipment.   


[6]  


10.5.2 Transportation 


Truck:  


The truck driver must have valid license for driving the truck and follow the rules for normal 


operation.  


There will be a marked area where the truck is allowed to drive. This area will be marked with 


yellow tape on the floor and the truck will not be allowed to cross this line. The aisle must be 


wide enough for two trucks to pass each other. There will be two main kinds of aisles. The first 


is a wide five meters aisle and the other aisle is three meters wide. The wide one has a yellow 


line marking a 0.9 meters wide sidewalk on each side leaving 3.2 meters for dealing with 


oncoming traffic. The truck shall always drive on the right side of the lane which will be marked 


with yellow arrows on the floor. The narrower aisle will only have one sidewalk on 0.9 meters 


and is only meant for one truck deliver a pallet at the time to then return again. An average 


forklift truck for our production area has a turning radius of 1.9 meter which means there will 


be no need for a designated turning point. Figure 44 illustrates a turning which no designated 


turning point.  


 


Figure 44 - Forklift Turning Radius Illustration 







0901P Production Layout 2012-05-24 


Rev.: - Bachelor Thesis 2012-02 Page 55 of 60 
 


© BUC, Kongsberg, Production Technology  
 


Because the load on the truck can be very large, it might be difficult for the truck driver to see 


the signs on the floor. The signs will therefore be placed in eye height.  


Crane:  


The small cranes are used for lifting parts into place when they are mounted on weapon station 


and the large traveling crane is used for lifting the largest parts and moving the finished 


product. There are great hazards when executing heavy lifting. Something can go wrong and 


parts of the product or the product itself might come loose and fall down. Because of the size of 


these parts this is very dangerous because it can cause a lot of damage to equipment, tools and 


personnel. The crane operator must have valid certificate for operating the crane and follow 


the rules for normal use.  


If the product is lifted over other work stations or equipment, there is a possibility that it will 


fall down and break the things underneath. This will result in damage to both the product itself 


and the equipment or product bellow. Because of this the crane must lift the product out into 


the aisle before it can be moved to its destination. It is strictly prohibited to lift the product 


over anything. When operating the traverse crane for lifting the product, standard operation 


procedures are to follow.  


Pedestrians:  


The production area will have pedestrians in the aisles through the whole day. This includes the 


work force on the different workstations as well as inspectors and other visitors. Since there 


will be pedestrians in the production during the most of the workday, it means that there is a 


lot of danger for person accidents. They can be hit by moving trucks, things may fall down and 


they can stumble in things that are not properly stored. 


To reduce the risk of person accidents there have to be some preventive actions. These actions 


will be pedestrian streets, pedestrian fields and safety signs. A pedestrian street is shown in 


Figure 45. 


 


Figure 45 - Pedestrian Street 
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11  Cost Model 


To satisfy the requirements K03.8 and K03.9 we have developed a generic cost model in Excel. 


The model is built up around the layout concept, including Case 1 and Case 2. We have 


calculated two additional cases that fit the concept. The four cases result in producing 1, 2.5, 5 


and 6.7 products per week. The initial cost for starting production of one product per week is 


used as a basis for the model (Figure 46).  


 


Figure 46 - Cost Model, Initial Cost 


Calculating the investment cost of necessary equipment and the weekly salary cost, the model 


will give an approximately total cost of starting the production of the RWS. If the production 


has to be increased from one product per week up to a maximum of 6.7 products per week, the 


model will show the initial cost, the extra investment cost, the salary cost and the total cost. 


The model also shows some information about the layout including labor, circulation rate, 


equipment and minimum need of area (Figure 47). A product flow matrix for each case is also 


illustrated (Figure 48).  


 
Figure 47 - Cost Model, Layout Information 
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Figure 48 - Cost Model, Product Flow Matrix 


The cost model can be used as a basis for assessment for each order of the RWS. By plotting in 


the order, the model will calculate the total cost for each order. From this, KPS can make an 


assessment if it would be economically viable to accept the order as it is, expand the 


production or start the production earlier to ensure correct delivery date. 


The cost model can be found in the digital edition of this Bachelor Thesis. 


11.1 Instruction of Use 


The user must plot the order quantum and order time (in weeks). The model calculates how 


many products that has to be produced per week, but there are only four different options in 


this model. The number of products per week will be rounded up to fit one of the four cases (1, 


2.5, 5 or 6.7).   


 


Figure 49 - Cost Model, Input 


The model checks if the number of products per week fit with one of the four cases and show 


the initial cost, extra cost per order, salary cost per order and total cost (Figure 50).  
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Figure 50 - Cost Model, Extra Cost and Total Cost 
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13 Abbreviations 


Abbreviation Description 


Assy. Assembly 


El. Electric 


FAT Factory acceptance test 


h hour 


IHT In house test 


IPS Integrated Products and Services  


FAT Factory acceptance test 


HR Human Resources  


HSE Health, Safety, and Environment 


HUC Buskerud University College 


KPI Key Performance indicators 


KPS Kongsberg Protech Systems 


LLC Limited Liability Company 


m meter 


No number 


NOK Norwegian kroner 


Numb. Number 


OPL One Point Lesson 


Ref. Reference 


Rev. Revision 


RWS Remote weapon station 


Sec Second 


Tot. Total 


w worker 
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1 Introduction 


Production Technology is a Bachelor Thesis taken on by five mechanical engineering students 


from Buskerud University College in Kongsberg.  


The Scope is limited to five study credits for the first semester (fall 2011), then 15 study credits 


for the second semester (spring 2012). This is estimated to 550 work hours per group member. 


There will be a higher priority on documentation then in a normal industry. This will give a 


better basis for evaluating the project. 


The purpose of this project is to evaluate production models for Kongsberg Protech Systems 


(KPS). Kongsberg Protech Systems has developed a new product called Protector Medium 


Caliber that is going into production. To make the production effective they need to develop a 


specific production model that they can integrate in all their locations, and in different 


production scales. 


The company has other similar products that are already in production. In the existing 


production there are used several Lean tools to make the production as efficient as possible. 


The difference between these products and the new one is the size and weight. The existing 


products are of smaller caliber and therefore smaller in size and easier to handle, than the new 


Protector Medium Caliber. Due to the size and weight of the product, they need to develop a 


completely new assembly process. The production process is the backbone in the company and 


it is vital for the company to compete with others.  


Our assignment is to make a main study that evaluates different production models and create 


concepts for the production of Protector Medium Caliber. The production is divided into two 


cases with different production rate, where Case 1 handles high rate production and Case 2 


handles low rate production. For both cases, we will consider the need of cranes, lifts and other 


equipment to make the assembly as easy and effective as possible. In the production of 


Protector Medium Caliber there will be a need for a jig or a fixture to hold the product while 


assembling and testing. This jig will be designed in SolidWorks and integrated in our production 


model. 


To be able to make a good analysis, we need to learn about production technologies and Lean 


manufacturing. By learning the basics of these subjects, we will ensure effective manufacturing 


of quality products and a safe and good environment for the workers. To accomplish this, two 


generic pre-studies will be produced as supporting literature. One study for production 


technologies and one study for Lean manufacturing. The two studies will be used as a support 


for arguments for the different choices and conclusions we make in our main study.  


This Bachelor Thesis is a theoretical study and takes form of a written report with drawings and 


illustrations. The sources used are internet, personnel of KPS and literature in form of books. 


Project expenses are literature and printing of reports and poster. 
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1.1 Document Overview 


This document is one of many reports in the Bachelor Thesis 2012-2.    


The Figure below will give an overview and placement of the reports and documents for the 


Bachelor Thesis 2012-2. The textboxes represents documents and the green box is representing 


this document. The Appendix documents are not listed.  


 


 


Figure 1 - Document Relation 


1.2 Document Purpose 


The purpose of this document is to give an understanding of what a jig is, and its purpose for 


the construction of Protector Medium Caliber. The document will describe the case study with 


its needs and requirements. From this, we have developed different jig concepts satisfying 


needs and requirements. A conclusion will verify our selection of one concept to describe in 


more detail. This document gives detailed information of a final jig design including 


construction analysis, part list and further features descriptions. 
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2 Case Study 


The product is to be assembled of several prefabricated parts and tested before it’s ready to be 


packed and delivered. The Production Layout Report describes four types of stations: Assembly, 


test, backup and packing. The two main stations are the assembly station and the test station. 


The backup station is an extra station for handling both assembly and test operations.  


The assembled product has a maximum total weight of 3280 kg, 4513 mm length, 2500 mm 


width, 688 mm height and a rotating diameter of 3300 mm. The RWS unit is shown in Figure 2.  


 


  


Figure 2 - Product Dimensions 


The production consists in general of assembling prefabricated parts and subassemblies on to a 


fixture. This production will be done manually with help from cranes and mechanical hand 


tools. Operators must have access from above and underneath the assembly. The product will 


be connected to the vehicle by its main frame and a slip ring will build down from the main 


frame, approximately 300 mm. The slip ring will be connected to a plug with all the cables and 


connections during the test. This will add another 300 mm beneath the slip ring, which result in 


the need of a jig or fixture for the main frame to be mounted on with a minimum gap of 600 


mm from the floor. The height from the main frame to the top of the product is 688 mm, 


measured without antenna. In a height of 600 mm operators are able to assemble parts and 


cables in a proper operation height. It’s not efficient to do all assembling in this height as there 


are parts and connections beneath the main frame of the product. During the test, it might be 


situations of failure where the access from underneath the product is essential for inspections 


and corrections. In such case, the product needs to be elevated more than 600 mm from the 


floor. An appropriate height would be a gap of 1400 mm from ground floor. These cases are 


illustrated in Figure 3.   
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Figure 3 - Case Study Illustration 


2.1 Jig Purpose 


The natural solution for the case study is to use a jig or fixture for the production of the 


Protector Medium Caliber. 


There are different definitions of a jig, such as fixture, and we will use both jig and fixture in this 


report. A jigs purpose is to hold a work piece during a production. This means that this jig is a 


type of fixture that holds the product when assembled and tested. 


 A Fixture is a special designed tool for the purpose of: 


 Locating the work 


 Clamping the work 


 Supporting the work 


 Holding all the elements together in a rigid unit during a manufacturing operation. 


The most important considerations are accuracy and rigidity, followed by ease of use, and 


economy in construction. 
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2.2 Jig Requirements 


This chapter describes the requirements for the jig. All requirements are listed in Table 1. The 


Production Layout Report describes the different stations for assembly and test which have 


different requirements. Additional there is a third type of station which is a backup station 


which follows the requirements for both. All requirements are prioritized from A to C, for both 


the assembly station and test station.  


Table 1 - Production Jig Requirements 


K04 Production Jig 


ID Requirement Comments Priority  


Test  Assem. 


K04.1 The jig has to be ESD safe.  A B 


K04.2 The jig shall withstand at least 3000 kg. Replaced 


w/ K04.14 


A A 


K04.3 The product must be reachable for a lifting device 


from above during all operations of the jig. 


Replaced 


w/ K03.21 


A A 


K04.4 The product must be reachable on the jig, for 


assembling of parts. 


 A A 


K04.5 The product must be reachable from underneath 


the jig. 


 B A 


K04.6 The product has to be able to be tested on the jig.  A NA 


K04.7 The jig must withstand a full stop from full rotation 


at 90 degrees/sec, in 0.5 sec when rotating testing. 


 A NA 


K04.8 The jig needs a crawl opening underneath the 


product at minimum 140 cm. 


 B  A 


K04.9 No part of the jig shall obstruct the nut gaps of the 


main frame. 


 A A 


K04.10 No parts of the jig shall obstruct the rotation and/or 


elevation of the product. 


 A A 


K04.11 The jig shall be made with a minimum risk of clamp 


danger. 


 A A 


K04.12 The jig shall be made in a height for ergonomically 


use. 


 B B 


K04.13 The jig shall not be able to tip.  A A 


K04.14 The jig shall withstand a weight of 6560 kg.  A A 
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3 Jig Concepts 


This chapter describes different concepts for jig and the advantages and disadvantages for each 


concept. A conclusion will take all concepts into consideration and state a solution that has a 


minimum of disadvantages and most of the advantages.  


There are different requirements for the test and assembly station, shown in the list of 


requirements in Table 1. Additional to this, the backup station will follow the strongest 


requirements for both stations. This means that one possible solution is to design three 


different jigs for the three types of stations.  


In collaboration with Kongsberg Protech Systems we have determined that there is a 


fundamental advantage to have one concept that can be uniform for all stations. By having one 


jig that satisfies the requirements for all stations it will reduce the development cost and 


investment cost for the production. 
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3.1 Concept Scissor Lift 


This concept is based on the regular lifting systems for cars and lifting tables in workshops. It 


works by having four square beams, two on each side, crossing each other with a bolt hinge. 


The beams are bolted in one of the ends, and free rolling in the other end (illustrated in Figure 


4). The free rolling ends will slide during lifting and move the center of gravity, which will cause 


instability and variable load in the structure. 


The beams will, during lifting, narrow the angle between the beams until it overlap, just like a 


scissor. Thereby the name scissor lifts. By having one or two hydraulic or ball screw cylinders 


fastened to the floor and on the beams, the system can be elevated and lowered. The system is 


illustrated in Figure 4.  


 


Figure 4 - Concept Scissor Lift 


Advantages:  


 Low production cost 


 Low development cost 


 Standard parts 


 Low maintenance 


 Low minimum height 


 High maximum height 


 Simple control system 


Disadvantages: 


 Great clamping hazard  


 Instability 


 Variable loads 


 Several moving parts interacting 


 Cannot withstand great rotational forces during test procedures.  
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Discussion:  


The scissor lift is a common concept in the industry and in workshops, so it would be easy to 


find standard parts and dimensions. It would therefore be possible to get good price offers 


from suppliers for construction and deliver of a scissor jig.  


The disadvantages of this concept can cause a problem with the stability of the jig when lifting 


such a massive product with a weight of 3280 kg. This concept needs some kind of barrier skirt 


for the scissor beams so no person can be squeezed between the scissors.  


This concept is great for high lifting and lowering during assembling. For the test station this 


concept would not withstand the rotational forces, acting on the jig during the test procedures. 


This could in worst case damage the jig. For assembly station, the scissor lift concept fulfills all 


requirements and by its fast and easy operations for lifting, the Lean mentality is greatly 


present since the assembly time during production is reduced.  
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3.2 Concept Synergistic Motion Platform 


This concept is based on the commonly known motion platform used in flight simulators. A 


synergistic motion platform, also called Stewart platform, consists of six prismatic actuators 


that could be ball screw or hydraulic cylinders. These actuators are mounted in pairs to the 


ground, crossing over to three mounting points on a top plate. The mounted product on this 


platform can be moved in six degrees of freedom which is the possible movement for a freely-


suspended body. This concept can be seen in Figure 5. 


 


Figure 5 - Concept Synergistic Motion Platform 


Advantages: 


 Lean productivity by easy access during construction caused by tilting possibilities. 


Disadvantages:  


 Limited access beneath the product 


 Limited lifting ability  


 Instability caused by a moving center of gravity when tilting. 


 Expensive development costs  


 Expensive productions cost caused by a vast amount of advanced parts. 


 Moving joints in all ends of the cylinders 


 Advanced control system 


Discussion: 


There is only one thing that is in favor about this concept. That is the tilting possibility where 


the assembly can be tilted to all sides for greater access. This makes as good lean argument as it 


could lower the circulation rate during production and trouble shooting.  This concept is 


compact with limited space for work beneath the product. When testing, this jig would most 


likely not withstand the forces acting on the jig from the product.  


With this, the jig does not satisfy all requirements for both assembling and testing. This concept 


would then not be a wise choice because it would be very costly and could complicate the 


whole production.  
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3.3 Concept Three Axial Platform 


By looking at a welding turntable (Figure 6) we can see how the concept works. The table can 


rotate 360 degrees clockwise or counter clockwise. It can also tilt down 90 degrees.  


 


Figure 6 - Concept Three Axial Platform 


Advantages: 


 Lean productivity by easy access during construction caused by tilting possibilities. 


 Ergonomically use 


 Access to the whole product from one operation side.  


Disadvantages: 


 Expensive development cost 


 Instability caused by a moving center of gravity when tilting. 


 Great concentrated stresses on the systems  


 A huge total weight of jig caused by proportions 


 Moving parts interacting  


Discussion: 


With a turntable, the worker can always work from the same position and just turn the product 


standing on the table in the preferred direction. The reason for having a tilt option would be to 


have easy access to the difficult areas on the product. This will reduce the time and effort of 


using ladders and platforms. In this case the product is heavy and in large dimensions, which 


would complicate the jig in such a matter that the construction cost could be higher than the 


value of use. The production will neither be assembled by automated robots or in a large scale 


such as car production. Because of this there is no need for the advanced functions the welding 


turntable concept offers. When the product is tilted and rotated, the product is in danger of 


intercept and crash with the floor or the jig itself.  To avoid this, the jig would have to be 


dimensioned in massive proportions, which are not desirable.   
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3.4 Concept Telescope Lift 


This concept has four telescopic legs, one in each corner of a square supporting and lifting the 


platform. The telescopic legs are either ball screw or hydraulic jacks (illustrated in Figure 7). 


  


 


Figure 7 - Concept Telescope Lift 


 Advantages: 


 Low installation height, enabling a compact design in the retracted condition.  


 The telescopic function enables very large stroke movements. 


 Constant stability in all states of elevation 


 Easy construction and maintenance  


 Access from underneath the product  


 Few moveable parts 


 Simple control system 


Disadvantages: 


 Weak for withstanding great rotational forces during test procedures.  


 No tilt possibilities 


Discussion: 


The telescopic lift concept is simple which makes it interesting for further development. The 


concept satisfies all requirements for the assembly production which makes it possible to use 


this concept as a jig for this station. To make the jig uniform for both production and testing it 


has to be capable to withstand great rotational forces acting on the jig. This could be solved by 


telescopic beams constructed and dimensioned for the rotating stresses, as well as test 


procedures could require a low test height.  
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3.5 Jig Concepts Conclusion 


The discussion of the four concepts gave us a lot of inspiration on which concept to use for the 


jig. In cooperation with KPS, the decision fell on the last concept, telescope lift. This is the 


concept we will consider when developing and designing our jig. The reason for the choice is 


that this concept could fulfill the demands and requirements for jigs purpose. There is another 


strong argument for choosing this final jig concept; one uniform jig for all stations as it can be 


used for both assembling and testing (which will cover requirement K04.6). It will be designed 


with four telescope lifting devices, one in each corner. The total lifting capacity will be 6560 kg 


(requirement K04.14), as the unit weight is maximum 3280 kg and with a factory of safety of 


two. The jig will have a minimum height of 630 mm and a maximum height for the jig will be 


1400 mm from the floor (requirement K04.8). Since the telescopes alone are not strong enough 


to withstand rotational forces during test, there will be a telescopic beam in each corner which 


will withstand the forces acting on the jig. The jig can’t be designed in such matter that it will 


obstruct the rotation and/or elevation of the product, during testing or assembling 


(requirement K04.10). 
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4 Jig Design 


This chapter will describe the jig solution in detail. All features and functions are analyzed and 


described with a part list and technical drawings which includes all relevant dimensions. The jig 


will also have documentation of an accepted analysis done in SolidWorks Simulations. A result 


of this chapter will be a cost estimation of each element, including the total production cost for 


one complete jig deliver. The Figure 8, below show an illustration of the jig including the 


adapter.  


 


Figure 8 - Jig Assembly with Adapter Illustration 
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4.1 Adapter with Lock System 


For the prototype assemblies it is developed a ring that the RWS is connected to under the 


whole production. This ring represents the body of the vehicle. The final product in service has 


a bottom cover supporting the slip ring, bolted to the roof, inside the vehicle. This bottom cover 


cannot be directly connected to the RWS since it is fastened to the body of the vehicle. Both 


the RWS and the bottom cover can therefore be connected to this ring. The bottom cover will 


be mounted before test, to protect the slip ring. After the test is complete, the bottom cover 


will be demounted and sent as a separate part when packing. To avoid this unnecessary, non-


value adding operation of mounting/demounting, we developed an adapter. This can protect 


and support the slip ring during test, and be a part of the production, like the ring used today. 


This will reduce the circulation rate (“Lean Strategy”, chapter 6.0, Lean Report) 


The adapter is designed with six arms to support the slip ring, so there is no need to assemble 


the bottom cover. The slip ring consists of cables that connect the product to operation 


equipment. The functional purpose of this slip ring is that the unit can rotate freely without 


twisting the cables.  


The RWS will never rotate with personnel present near the jig. To assure this, the reachable jig 


area is covered with pressurized safety mats and the station is fenced with magnetic door lock. 


This is described in more detail in chapter 5.  


With a lock system, the adapter can easily be attached and detached from the jig. The adapter 


will be bolted to the main frame as the first step in the assembly of a unit. The adapter will 


protect the main frame when it is moved from one station to another. An illustration of the 


adapter is shown in Figure 9. 


 


Figure 9 - Adapter with Lock System 
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The adapter will save production time by eliminating the need of bottom cover and by the fast 


lock system between the adapter and the jig frame. It will take less time using an easy lock 


system, then bolting the adapter to the jig, since the product are sent from the assembly jig to 


the test jig, during production. This will give a low circulation rate (“Lean Strategy”, chapter 6, 


Lean Report). Technical drawings of the adapter with lock system is described in more detail in 


the appendix, section D01. 


The adapter is bolted to the main frame as the final step in the assembly of main frame 


(requirement K04.9). This is done on a dedicated table at the assembly station. The main frame 


is assembled upside down before the adapter is attached with bolts. The assembly needs to be 


turned the other way and mounted to the assembly jig. The adapter is equipped with two lifting 


lugs and a steering hook as shown in Figure 10. This makes it able to use a lifting yoke to lift and 


turn the adapter 180 degrees and lower it on to the jig. 


                


Figure 10 - Lifting Lug and Steering Hook 


4.2 Lock System 


As the main frame is bolted on to the adapter, the adapter is locked on to the jig frame with an 


easy lock system. This lock is shown in Figure 11. The connection has to withstand the 


rotational forces from test procedures as well as the variable loadings during assembling. To 


relieve the rotational forces from the locks, the adapter has eight extruded brackets that fit 


notches in the top frame of the jig as shown in Figure 11. These forces are vertical, bending and 


circumferential during test because of the rotation and elevation of the weapon.  


         


Figure 11 - Lock System and Extruded Bracket 
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The lock is a toggle clamp with an adjustable draw latch. This allows a fitting tolerance and load 


adjustment. The toggle clamp has 14 mm of adjustment and is fitted with multiple lock nuts.  


Technical drawings of the toggle clamp and draw latch is described in more detail in the 


appendix, section D03.1-4. [7] 


4.3 Top Frame 


The top frame of the jig is made from three layers of steel frames. The first is four rectangle 


tubes welded to form a square. The second is eight square tubes welded to form an octagonal. 


On top, there is a circular massive steel frame. The three layers of steel frames are welded 


together for a stable support of the product. The top frame of the jig is shown in Figure 12.  


 


Figure 12 - Top Frame with Section View  


The top frame has eight notches as shown in Figure 11. This is described in more detail in 


chapter 4.2. Technical drawings of the jig top frame is described in more detail in the appendix, 


section D02. 


4.4 Lifting System 


There are two main types of lifting cylinder technologies. These are 


hydraulic and ball screw. The hydraulic cylinders need a hydraulic system 


with an electrical motor, hydraulic pump and pipes. The ball screw needs 


only an electrical motor. To reduce cost, space, maintenance and 


components we will use the telescopic ball screw system. The reason for 


having a telescopic system is to satisfy the requirement of a minimum 


height of 600 mm and a maximum lifting height of 1400 mm (requirement 


K04.4-5). An illustration of a telescope ball screw is shown in Figure 13. 


The ball screw lifting systems will make the assembling more 


ergonomically, which covers the requirement of ergonomically use 


(requirement K04.12). Technical drawings of the telescopic ball screw is described in more 


detail in the appendix, section D11. 


Figure 13 - Ball Screw Illustration 
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4.5  Telescopic support 


Supporting telescopic legs will be at each corner of the jig. They will withstand the torque 


acting on the jig from the product rotational starts and stops, during the test (requirement 


K04.7). Each leg will consist of three square tubes, mounted inside each other to make a 


telescopic effect. Two steel plates are mounted on both sides of the telescopic leg for support. 


The plates are described in more detail in appendix D09. Technical drawings of the telescopic 


support is described in more detail in the appendix, section D04-D08. Standard sizes are 


gathered from NorskStaal AS. [1] 


 


Figure 14 - Telescopic Leg Support 


The telescopic legs as shown in Figure 14 are built up of three sleeves with sliding rails made of 


a plastic material. The sliding rails are mounted in between the sleeves to make it easy for the 


sleeves to slide up and down. The telescopic legs can be elevated from 625 mm, up to 1430 mm 


at max height. The two outer sleeves are made with a small edge on the top, for protecting the 


sliding rails and to drag the sleeves upwards as shown in Figure 14. The inner sleeve has a fully 
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closed lid on top of the sleeve, the reason for that is because this is the part that will be welded 


together with the top frame of the jig. The telescopic leg will be supported by a bottom plate 


which will be bolted to the ground for holding the jig stable (requirement K04.13). Inside the 


telescopic leg there is a wedge welded to the bottom plate for supporting the telescope when it 


is lowered to the ground. This wedge supports the inner tube during test procedures. Technical 


drawings of the floor mounting is described in more detail in the appendix, section D10. 


4.6 Part List 


Table 2 shows a list of all parts in the jig. Figure 15, shows all parts with part number in an 


exploded view.  


Table 2 - Jig Assembly Part List 


Part no. Description Appendix no. Quantity 


1 Adapter D01 1 


2 Top Frame D02 1 


3 Toggle Clamp D03.1-4 4 


4 Inner Sleeve D04 4 


5 Inner Slide Rail D05 4 


6 Middle Sleeve D06 4 


7 Outer Slide Rail D07 4 


8 Outer Sleeve D08 4 


9 Ball screw D11 4 


10 Brackets D09 8 


11 Base Plate D10 4 
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Figure 15 - Jig Assembly Exploded View  
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4.7 Materials 


For the selection of materials for the jig, we have considered three main factors: 


 Cost 


 Processing / manufacturing requirements 


 Service conditions 


To make the construction of the jig as easy as possible and to keep the cost low we will mainly 


use standard parts. 


The factors listed in Table 3 provide a concise list of properties which has been considered 


when choosing suitable materials.  


Table 3 - Factors Affecting Material Selection 


Cost Mechanical Non-mechanical Surface 


Material costs  


Process costs i.e. 
casting, extrusion etc. 


Working costs i.e. 
forging, pressing etc. 


Machining costs 


Jointing costs 


Finishing costs 


Availability 


Quantity required 


Selling price target 


Density 


Modulus and 
Damping 


Yield strength 


Tensile strength 


Fatigue strength 


Fracture toughness 


Hardness 


Thermal fatigue 
resistance 


Creep resistance 


Thermal properties 


Electrical properties 


Magnetic properties 


Optical properties 


 


Oxidation & Corrosion 


Friction 


Abrasion 


Wear 


 


 


The telescopic supports, base plate, jig top and adapter will be of the same material to ensure 


easy material order. By study and comparing materials that would be strong enough for this 


application, we found that EN 10 083-1 (34CrNiMO6) or AISI 4340 was a sustainable material 


for the parts mentioned above. Material properties are listed in Table 4.  
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Table 4 - Material Table for AISI 4340 [2] 


Physical Properties Metric English Comments 


Hardness, Vickers 228 228 Converted from Brinell hardness. 


Tensile Strength, Ultimate 745 MPa 108 000 psi  


Tensile Strength, Yield 470 MPa 68 200 psi  


Elongation at Break 22 % 22 %   


Reduction of Area 50 % 50 %  


Modulus of Elasticity 205 GPa 29 700 ksi Typical for steel 


Bulk Modulus 140 GPa 20 300 ksi Typical for steel. 


Poisson's Ratio 0.29 0.29 Calculated 


Machinability 50 % 50 % Annealed and cold drawn. Based 
on 100% machinability for AISI 
1212 steel. 


Shear Modulus 80 GPa  11 600 ksi Typical for steel. 


 


Sliding rails  


Inside of the supporting legs we have in cooperation with KPS, chosen sliding rails of a plastic 


material to guide and support the square tubes. The profiles are mounted on the inside of the 


outer tube and the middle tube. 


The profile has to withstand the forces acting on the supporting legs and have low friction-


coefficient for smooth operation. High Density Polyethylene (HDPE) has good mechanical 


strength and low friction coefficient. Material properties are listed in Table 5. HDPE is often 


used as sliding rails, bearings, gears and propels. In consulting with a plastic company in 


Sweden (PLASTEX) we got confirmation that this material is fit for this application. 


Table 5 - Excerpt of Material Table for HDPE [3] 


Mechanical Properties Metric English 


Young's modulus 600 – 1400 MPa 87 023 - 203 053 psi 


Shear modulus 700 – 800 MPa 101 526 - 116 030 psi 


Tensile strength 20 - 32 MPa 2 901 – 4 641 psi 


Elongation 180 – 1000 % 180 – 1000 % 


Fatigue  18 - 20 Mpa 2 611 - 2 901 psi 


Bending strength 20 - 45 MPa 2 901 - 6 527 psi 


Impact strength 0.27 - 10.9 J/cm 0.506 - 20.4 ft-lb/in    
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5 Structure Analysis 


As a preparatory study for an analysis of the jig, we have calculated the stresses that act on the 


jig under the most extreme conditions. If the jig can withstand the most extreme scenarios of 


real operation situations, it will also withstand any forces in normal operation. 


For the jig, the most extreme scenarios will be during the test, since the RWS is in rotation. 


When using the jig as an assembly jig, the stresses acting on it will be bending stress due to 


variable center of gravity while assembling and stresses due to the weight of the jig. These 


stresses will not be taken into consideration since they will affect the lifting system. The lifting 


system shall withstand this when it is properly dimensioned.  


When the RWS is in a rotational operation, the most extreme scenario would be an 


uncontrolled emergency stop. This can be due to activated sensors, i.e. the pressure sensitivity 


safety mat. If an uncontrolled emergency stop occurs, the RWS will from full rotational speed, 


stop after 0.5 seconds. With a maximum speed of 90 degrees per second around its center, this 


equals a rotation of 45 degrees before it stops when moving at maximum speed. The moment 


of inertia at the center of mass, equals 2355.524 kg m2 at the rotational axis. The center of 


mass is in the middle of the jig and the unit. This value is collected from KPS. With the moment 


of inertia we find the torque acting on the jig when the deceleration occurs. First we need to 


calculate the deceleration. Then we multiply this number with the moment of inertia and the 


result is the torque. This is shown in the following equations: 


                             
   


   
    


   
   ⁄  


                          


                                 


                                  


                       
     


 
  


       


   
               


                                       
    


            


 


These equations results in a torque of 7400.097 Nm. As a safety margin we will use 7500 Nm in 


the following analysis as the torque. We want to check the equations above to see if they are 


approximately what we should expect. Just as an experiment we will look at the RWS as a solid 


cylindrical body like the one in Figure 16. The equation for the moment of inertia around the z-


axis for a solid cylinder is: 
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Figure 16 - Cylindrical Body with Coordinates 


The mass, m, of the RWS is 3280 kg and the greatest diameter of the RWS is d = 2500 mm. This 


gives a radius of 1.25 m. With these values, the approximately torque will be: 


          


         


         
 


 
            


 


 
                                      


This result of 8050.33 Nm is close to our previous result of 7500 Nm. Since the radius of the 


RWS is 1.25 m at the widest part only, and the mass is placed in its center, we can conclude that 


our previous calculations with a torque of 7500 Nm is reliable.  


Beside this torque, the mass of the RWS and the adapter ring will lead to a force orientated 


vertically down at the jig. This force will act on the jig construction, and the lifting system while 


testing. The lifting system will not be able to withstand the torque, and we will therefore 


suppress this part while running the analysis. As a result of this we will only run FEM analysis on 


the jig construction and without the lifting system. The jig shall be in its lowest position under 


test procedures.  With this, it should not be any problems regarding the forces due to the 


weight of the RWS. The RWS weighs 3280 kg and the adapter weighs 377 kg, calculated from 


the properties of the material described in section 4.7 (AISI 4340). By using the gravity constant 


equal 9.81 m/s2 the force due to gravitational weight will be: 


F = (mRWS + mAdapter) * g = (3280 + 377) kg * 9.81 m/s2 = 35 875.17 N 


As a safety margin we will use 36 000 N as the vertical force due to gravity in the following 


analysis. 
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5.1 FEM Analysis  


This chapter, FEM analysis, is the main part of the chapter Structural Analysis. We will briefly 


describe this analysis with a discussion of the results. Our FEM analysis is simulated in 


SolidWorks Simulation. SolidWorks is one of many major software-developers within this field. 


The FEM analysis will be a static analysis using the force and torque acting on the jig at the 


most extreme scenarios. A dynamic analysis will not be present due to limits in both software 


and experience.  


The FEM analysis demands a vast amount of data-capacity.  We have therefore divided the jig 


in four sections and simulate one of the sections. The results are not affected by this, as we use 


symmetry functions in the calculation in the software. The lifting system will be suppressed and 


not present in the analysis as mentioned in the introduction to this chapter. The top of the jig is 


simplified to reduce the need of data-capacity. The top frame is shown in purple in Figure 17. 


The simplification will not affect the analysis because the forces and torque is applied directly 


on the top of the jig. The simulated model is shown in Figure 17. The inputs for the software, to 


use in the analysis are divided as follow: 


 Materials 


 Mesh 


 Fixtures 


 External loads 


 


Figure 17 - Simulation Model 
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Materials 


First we need to define the material of each part of the jig. As mentioned in the chapter of 


materials, all parts, except the sliding rails will be EN-10 083-1 or AISI 4340. This material is 


predefined in SolidWorks, meaning that the material properties already exist in a data-sheet. 


The material properties used in this simulation is shown in Figure 18. 


 


Figure 18 - Material Properties, AISI 4340 Steel, Annealed 


The sliding rails are extruded in High-Density Polyethylene (PEHD) as described in chapter 4.7 of 


materials. The material properties used in the simulation is shown in Figure 19. 


 


Figure 19 - Material Properties, PEHD  


Mesh 


The next step of the analysis is to define the mesh for the model. A mesh is a set of nodes that 


will be used during the simulation. A fine-grained mesh will give a more accurate result, but 


also demand more data-capacity. In this simulation, the mesh is set as a mid-value between a 


fine-grained and coarse mesh for the whole model. The mesh parameters are shown in Figure 


20.  
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Figure 20 - Mesh Parameters 


We use a fine-grained mesh for the inner sleeve by using a function named “mesh-control”. 


This is to get a more accurate result for this part. The reason for choosing the inner sleeve is 


because this part will be exposed for a concentration of stresses, since it is the connection 


between the top of the jig and the telescopic legs. The mesh parameters used in the analysis is 


shown in Figure 21. 


 


Figure 21 - Mesh Control 


Fixtures 


Another step of the analysis is to define how the jig is connected or fixed to its surroundings. In 


our case there will be two fixtures. The first is a fixed geometry which represents the 


connection between the jig and the floor. The jig is to be tightly fastened to its ground support. 


The model is therefore fixed at its base plate to simulate this. The geometry fixture is shown in 


Figure 22. 
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Figure 22 - Fixed Geometry 


The other fixture is a symmetry fixture due to the split in the model. As mentioned earlier this is 


done to spare some data-capacity. By adding this fixture-function, the simulation model takes 


this into consideration in the calculation. This symmetry fixture is applied where the structure is 


cut, as shown in Figure 23. 


 


Figure 23 - Symmetry Fixture 
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External Loads 


There will be two sets of external loads applied to the model in our simulation. These two loads 


are calculated in Chapter 5.The external loads are therefore applied to the model in separate 


ways. The first applied load is the weight force due to gravity. This force is calculated to be 


36 000 N for the whole model, leaving 9000 N for one fourth of the model. This force will be 


applied directly and vertically down on the top of the model, which is the connection between 


the jig and the adapter. This section is highlighted in blue in Figure 24. The forces are shown 


with purple arrows in Figure 24. 


 


Figure 24 - External Load, Force 


The other external load will be the torque. As calculated earlier, this torque equals 7500 Nm. 


The torque is applied parallel with the blue highlighted face in Figure 25. The rotational axis will 


be in the direction of the y-axis on the coordinate system in the left corner of Figure 25. This is 


the same direction as the pink highlighted face in Figure 25. The torque will therefore act in the 


direction of the purple arrows in Figure 25. 
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Figure 25 - External Load, Torque 


5.2 FEM Analysis – The Result 


Von Mises stress 


The result of the analysis regarding maximum von Mises stress is shown in Figure 26. Von Mises 


is one theory of calculating the equivalent stress, which can be compared to the yield limit of 


the material to find the factor of safety. The factor of safety is a number which represent the 


relationship between yield strength and von Mises, giving a safety margin if the number is 


above one. 


 


Figure 26 - Max von Mises Stress 


Figure 26 shows the area of maximum von Mises stress.  The stresses are concentrated in the 


area where the leg is connected to the top of the jig. This area is shown in Figure 27, where the 


red spot represent the highest amount of stresses. 







1001P Jig Report 2012-05-29 


Rev.: 1 Bachelor Thesis 2012-02 Page 35 of 49 
 


© BUC, Kongsberg, Production Technology 


 


 


Figure 27 - Max von Mises Stress, Zoom 


When using a tool named “ISO-clipping” we can easily see the affected areas in contour of the 


structure. In Figure 28 we choose to visualize von Mises stress equal 33 MPa and above. The 


figure shows a great amount of stress at the top of the connection in the square tube. This is 


due to a concentration of stresses where the model has an abrupt transition in the structure 


(sharp edges). The torque also gives a higher amount of stresses at the inner top compared to 


the other three corners of the top frame. These stresses are due to the relationship    
 


 
 .  


The distance, r, is shorter where the stresses are higher. Ft is, as described in chapter 5.3, the 


force perpendicular to the rotation. It is also due to the gravitational force that acts on the top 


ring of the jig, as it tries to bend down the center of the jig. This is illustrated in Figure 29. The 


scale of strain is not true; it is 200 times true scale for illustration. 


The weldment and the structure of the inner sleeve get the highest amount of stresses, 197.3 


MPa. This is due to the rotational forces trying to tear the top frame from its connections to the 


legs. The stresses will have the highest value at the outer surface at the inner side of the sleeve 


for the same reason as mentioned above.  
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Figure 28 - Max von Mises Stress, ISO Clipping 1 


 


Figure 29 - Strain 


In Figure 30 we see that the stresses propagate in the structure of the inner sleeve. This is 


naturally due to the torque and gravitational force trying to bend the top of the jig.  


Since the maximum von Mises stress equals 197.3 MPa, we get a factor of safety equal: 


   
       


         
      


A factor of safety above 2 is acceptable. 
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Figure 30 - Max von Mises Stress, ISO Clipping 2 


Displacement 


Figure 31 shows the displacement in a scale 200 times the true scale to show where it reacts. 


The maximum displacement is less than 0.5 mm due to elastic stretch in the material. The 


highest displacements occur at the top frame where most of the elastic stretch propagates. This 


is also acceptable. 


 


Figure 31 - Displacement 


Fatigue 


It is concluded that the model will withstand the stresses with a safety factor of 2 in relation to 


the yield strength. Another aspect of concern is fatigue. This can occur if the model is exposed 


for variable stresses, meaning compression and tension stresses in repeats. A fatigue fracture 


can occur if subjected to a load below the yield strength after a number of cycles. Microscopic 


cracks will begin to form at the surface, and a crack will start growing after repeats of variable 
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stresses. Some materials have their own fatigue limit or endurance limit, which is the lowest 


value for a fatigue fracture to occur, regardless of the number of cycles with variable stresses. 


We use the material AISI 4340 for our model. AISI 4340 have an endurance limit of 450 MPa. [4] 


We do not need to worry about fatigue fractures since the model will be subjected to stresses 


beneath 197.3 MPa. This requires of course the jig to be produced as the model in our 


simulation, meaning that the surfaces need to be smooth with no sharp corners etc. 


Irregularities will lead to elevated local stresses where fatigue cracks can initiate. 


Conclusion 


By running a FEM-analysis of a construction subjected for external loads, it is evident whether 


the construction has the strength to withstand the stresses caused by the external loads, or 


not.   


In this case we have simulated the most extreme condition, where the product has a sudden 


stop during the rotational test. As we can see from the results of the FEM-analysis, the most 


crucial part of the jig is the inner sleeve of the telescopic support.  Because of the sudden 


change in geometry (weld) the stresses (197.3 MPa) is concentrated at the outer surface at the 


inner side of the sleeve. This is due to the rotational forces trying to tear of the top frame from 


its connections to the legs. Since the maximum von Mises stress equals 197.3 MPa, and the AISI 


4340 has a yield strength equals 470 Mpa, we get a factor of safety equal to 2.38. This factor is 


acceptable and tells us that the construction is dimensioned to withstand the acting stresses.  


5.3 Welding 


As described in chapter 4, several parts of the jig will be welded together. Welds are usually not 


a part of an FEM analysis because it demands a great amount of data capacity.  The welds shall 


therefore not be a crucial part of the structure, which means a fracture due to high stresses 


shall not occur in the welds before the structure itself. We want to take this into consideration 


and will therefore calculate the minimum size of the weld to withstand the stresses as 


mentioned in the previous chapter. We are going to calculate the weld connecting the four 


telescopic legs to the frame of the jig. This is the weld that is facing the most extreme forces. 


The weld can be seen in Figure 32. 


 


 


Figure 32 - Weld Location 
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First of all we need to find the forces that act on the weld. The forces that act on the weld are 


due to the torque. The torque about the axis of rotation due to Ft is the function   = Ft r, were r, 


is the distance from the center. The force Ft will act in the direction of the rotation, 


perpendicular to the line r. This relationship is shown in Figure 33. 


 


Figure 33 - Torque Illustration 


The force, Ft, will in turn, affect the welds along the z and y-axis in separate ways. When 


calculating stresses in welds, we need to look at the impact of the area in the middle of the 


weld, as shown with an arrow in Figure 34. 


 


Figure 34 - Illustration, Weld 1 


This area is illustrated in light grey at the model in Figure 35; it is the same area as marked in 


black in Figure 34, seen from above without the top connection. The components of the force 


Ft, Ft,z and Ft,y, is shown in Figure 35. 


 


 


Figure 35 - Illustration, Weld 2 


r 
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We use r = 1308 mm as the distance from the middle of the jigs origin, to the center of the weld 


as shown in Figure 35.  From this, we solve the following equation: 


   
 


 
 


       


       
        


The component forces are given by the following equation: 


               
 


 
         


 


 
                          


We also need to determine the height (x-axis), since the torque is due to moment of inertia of 


the RWS. The height of the RWS is 688 mm, and the height of the top at the jig is 167 mm as 


seen in Figure 36. By selecting a midpoint in the RWS as the center of gravity in z-direction, the 


distance from the weld to the two component forces will be as follow: 


h = 688/2 + 167 mm = 511 mm 


 


Figure 36 - Jig Height 


Since this weld is going all the way around the connected parts, we need to evaluate where the 


most stresses will occur to do the calculation. As described in the result of the FEM-analysis, the 


most von Mises stresses will occur at the weld / sleeve facing against the center of the jig. We 


chose the face that lies parallel with the y-axis and facing the center of the jig. This is done since 


both welds along the z and y-axis, are exposed for the same amount of forces. The weld is 


shown in red in Figure 37, at the left of the green contour, representing the sleeve structure. 


The impact area is marked with a red string in the weld; the letter “a” represents the width of 


the weld. With a width of a, the length (x) of the two sides of the weld will be:  


               √   , due to Pythagoras theorem. 


The blue arrows represent the load (F), stresses (σ) and their distance from the weld. 


Figure 37 summarize the previous discussions: 


 F1 = Fx = 9000 N is due to weight of the RWS with a distance 850 mm to the center of 


RWS (directly along the z-axis). 


 F2 = Ft,z = 4055 N is due to the rotational torque with a distance 511 mm to the top of 


the weld. 


 F3 = Ft,y = 4055 N is same as F2, but facing along the y-axis (into the figure). 


 σ (F2, b) and σ (F3, b) is facing up in the figure and are due to bending from  the forces 


F2 and F3. 
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 σ (F2) is facing to the right and are due to displacement from the force F2. 


 σ (F1, b) and σ (F1) is facing down in the figure and are due to the force F1, both 


bending and displacement. 


 


Figure 37 - Loads on Weld 


Before we can calculate, we need to define some equations for stresses. The equation for 


calculating bending stress is:  


   
    


   
   


     


   
  


In this equation Mb is the bending moment due to a force, F, and the distance, d, from where it 


acts. Jxx is the second moment of area. The calculation of Jxx is shown in Figure 38 and is 


calculated by the shape of the whole weld, not only the one we are looking at. 


 


Figure 38 - Second Moment of Area of Rectangular Cross Section [5] 
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The equation for calculating stress due to displacement is: 


  
 


 
  


In this equation F is the force acting the displacement stress and A is the impact area of the 


whole weld, not only the one we are looking at. Our calculation shows as follow: 


    
             


  
  


We must adjust the second moment of area, since the weld arrangement makes a hollow 


square in the center. The letter a, is the width in the area of impact in the weld. 
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In addition to these stresses, there will be a displacement stress due to the force F3 lying 


parallel with the area of impact. This force will only impact the two welds parallel with the 


direction of F3 (y-axis). Due to calculation rules, the length of the weld (90 mm) needs to be 


adjusted with 2 times a. The stress is therefore: 


    
 


  
   (


    


            
) 


The calculation of equivalent stress in a weld needs to be described before we can calculate the 


next step. The stresses used in calculation of equivalent stress in a weld are shown in Figure 39. 


 


Figure 39 - Weld, Stress [6] 
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The stresses in Figure 39 have the following relation: 


    √  
     


      
  


In this calculation     equals      τ˪ will not be present and the relation between σ˪ is shown in 


Figure 40. 


 


Figure 40 - Stresses on Weld 


With Figure 40 in mind the equation for equivalent stress becomes: 


    √  
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In the following calculation we will use an equivalent stress equal 235 MPa as limit. The most 


welding material has a yield strength below 2 * 235 MPa = 470 MPa (AISI 4340), giving a factor 


of safety equal 2. We solve the following equation with respect to a: 
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This gives a = 7.7 mm, concluding that the weld must have a width in the area of impact of 7.7 


mm or more. Figure 41 shows the same weld in the model from the FEM analysis. By the 


measurements on the figure we get the following equation (using Pythagoras theorem): 


  √ (
  


 
)
 


 = 7.07 mm  
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Figure 41 - FEM Weld Dimensions 


The main reason for the difference is that the weld is excluded in the FEM analysis, meaning 


that the software calculate the “weld” as a part of the sleeve, and not two different parts. 


Therefore the result will not be according to calculation rules for welds. The calculation of the 


weld done in this chapter is calculated with the largest values possible, giving a result higher 


than necessary. This will only give a benefit of a higher factor of safety. It is also calculated with 


an equivalent stress of 235 MPa, and the analysis gives a result of 197.3 MPa. 


a 
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6 Safety Operating Procedures 


Safety is very important, especially around fully loaded jigs and during test operations. Because 


of this, we have to establish some rules, to make a safe environment. There is always a risk for 


accidents to occur during assembling and testing of heavy machinery. We have focused on all 


dangerous situations that could appear for both assembling and testing, caused by our jig 


design and operation procedures. To reduce the danger of accidents we established safety 


operation procedures.  


We have divided the production area in two different safety levels, where we will secure the 


areas in different ways, depending on what is desirable. 


6.1 Central Core 


Central core are defined as the place where a person can interact with the product/jig when 


operating. This place has to be ensured with pressurized safety mats, so it won’t be possible to 


operate the jig, or perform tests when the pressurized mats are tripped.  


Pressure Sensitive Safety Mat:  


Rockford pressure sensitive safety mats (Figure 43) are constructed of molded vinyl material. 


The molding covers two separated parallel steel plates. These plates make contact when the 


mat is stepped on. They have a black, ribbed pattern top surface to help prevent slipping and 


are easy to clean. The mats are active over the entire 


surface, except the narrow border.  


This pressure sensitive safety mats will be placed under the 


jig at all stations, for safety of the personnel (requirement 


K04.11). When someone is working on the product, there 


will be no possibility for elevating the jig neither up nor 


down, and there will not be possible for running tests on the 


test area either.  


 


ESD protection:  


Central core will also be ESD safe (requirement K03.3-04.1), in the central 


core workers are in touch with the product. And the jigs are powered by 


electricity that probably could provoke static electricity, which would not be 


convenient. All the jigs will be grounded, to prevent such failure. From this 


the jig will be ESD-safe. ESD-signs (Figure 42) are visible for operators and the 


production area is marked with ESD-tape on the floor.  


Figure 43 - Pressure Sensitive Safety Mat 


Figure 42 - ESD Sign 
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6.2 Circumference Perimeter Radius 


This area is the whole area from center to the tip of the rotating barrel of RWS. The area is only 


defined at test and backup station since the barrel doesn’t rotate on the assembly station. At 


the test and backup stations there will be an enclosed fence, which will protect workers from 


the rotating barrel during test.  


Magnetic Safety Switch:  


On the door for the security fence, there will be a magnetic safety switch. If the door is opened, 


the switch will disconnect the power, and all type of activity inside the cage will stop 


immediately. As illustrated in Figure 44. 


When the test is running, personnel is not allowed to be located inside the cage. On the test 


station the jigs elevation system will be connected to the RWS power connection system. The 


reason for this is to ensure that there is no possibility to start the tests, as long as the jig isn’t 


standing in its lowest position. The telescopic legs are not designed to withstand the rotational 


forces acting from the product during test, besides when the jig stands in its lowest position.  


 


 


Figure 44 - Magnetic Safety Switch 


Emergency Shutdown Button:  


The fence door will be equipped with an emergency shutdown button with key lock. And at 


each test station there will be placed a “caution, maintenance in progress” sign (Figure 45) that 


shall be hung on the emergency button when someone is inside the cage doing either 


troubleshooting or maintenance. This is present to prevent any workers from turning on the 


test simulation.  


 


 Figure 45 - Emergency Shutdown Button with Caution Sign 
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7 Cost Estimation 


To get a view of the procurement cost for the jig we have found approximately prices for each 


set of parts. The costs are illustrated in Table 6. Preparation cost is not included in this 


estimation. 


Table 6 - Cost Estimation for One Complete Jig 


*Approximately prices  


 


 


  


Part no Description Appendix no Quantity Approximately  procurement cost   


1 Adapter D01 1 68 000 NOK[8] * 


2 Top Frame D02 1 34 000 NOK[8] * 


3 Toggle Clamp D03.1-4 4 1000 NOK [8] * 


4 Inner Sleeve D04 4 2000 NOK[8] * 


5 Inner Slide Rail D05 4 1000 NOK* 


6 Middle Sleeve D06 4 3000 NOK[8] * 


7 Outer Slide Rail D07 4 1200 NOK* 


8 Outer Sleeve D08 4 3600 NOK[8] * 


9 Ball screw D11 4 100 000 NOK [9]* 


10 Brackets D09 8 4000 NOK[8] * 


11 Base Plate D10 4 2000 NOK[8] * 


219 800 NOK 
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9 Abbreviations 


Abbreviation Description 


Assem. Assembly 


ESD Electrical Static Discharge 


FEM Finite Element Method 


g gram 


BUC Buskerud University College 


ID Identification 


ISO Isometric 


Kg Kilo gram 


KPS Kongsberg Protech Systems 


MPa Mega Pascal 


m Meter 


NA Not Applicable 


N Newton  


Nm Newton meter 


no number 


PEHD(HDPE) High Density Polyethylene 


r radius 


Rev. Revision 


RWS Remote weapon station 


Sec Second 
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