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Sammanfattning 
Väldigt få av dagens skogsmaskiner har dämpning vid hjulen. Detta resulterar i att den enda 

dämpning operatören har tillgång till för att dämpa vibrationer och stötar från marken, är den 

som sitter under sätet, det dämpande underredet. Tyvärr håller dagens undereden icke måttet, då 

de är främst designade att användas i en helt annan miljö, oftast i lastbilar och bussar. Förutom 

problemet med kort livslängd, så finns problemet med att man ej kan få optimal dämpning vid 

lägsta och högsta positionen, på grund av hur konstruktionen är utformad. 

I detta examensarbete så görs ett försök att hitta en annan typ av dämpnings- och höjdläges-

funktion som gör att höjd och dämpning ej är beroende av varandra, vilket skall resultera i 

optimal dämning oavsett höjd. Förutom detta så skall designen också hålla längre samt dämpa 

vibrationer och rörelser åt fler håll än bara vertikalt. 

Den resulterande konstruktionen analyserades sedan digitalt, för att ta fram de optimala 

dämpnings- och fjäder- konstanterna, samt egenfrekvenserna.  

Slutligen ges rekommendationer för design, analyser och övrigt fortsatt arbete som behövs för att 

kunna tillverka en prototyp. 
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Abstract 
Very few of today’s forest machines have damping at the wheels. The only damping that the 

operator has to shield him from the vibrations and shakes is the seats undercarriage. 

Unfortunately, today’s undercarriage do not measure up to the task, as they are often designed 

for trucks and busses, not to be used in a harsh environment as a forest. Except the short lifespan 

problem, there is also the issue of optimal damping. Today’s design does not allow for optimal 

damping at the maximum and minimum height positions. 

This Master´s Thesis project aim at creating a new and improved design that would separate 

height adjustment and damping, with the purpose to provide optimal damping within the entire 

height adjustment range. All this and at the same time making the design sturdier, with a greater 

lifespan, and to be able to damp vibrations and motions in more than one direction. 

The resulting design was then digitally analyzed to find out the optimal damping and spring 

coefficients, as well as the natural frequencies. 

Finally recommendations are given for design, analyses and further work that are needed to 

manufacture a prototype. 
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NOMENCLATURE 

Notations and Abbreviations used in this report are listed here. 

Notations 

Symbol Description 

E Young´s modulus (Pa) 

r Radius (m)  

t Thickness (m)  

a Acceleration in m/s
2
  

m Mass (kg) 

k Spring constant (N/m 

c Damping constant 

X Longitudinal direction  

Y Lateral direction, sideways, from side to side (y-axis) 

Z Vertical direction, perpendicular to the horizontal plane (z-axis) 

Roll Rotation around the longitudinal axis 

Pitch Rotation around the lateral axis 

Yaw Rotation around the Vertical axis 

Abbreviations 

CAD Computer Aided Design 

CAE Computer Aided Engineering 

PLM Product Lifecycle Management 

ISO International Organization for Standardization 

HAV Hand-Arm Vibrations 

WBV Whole Body Vibrations 

AFS Arbetsmiljöverkets föreskrifter (Working Environment Agency regulations) 

KTH Kungliga Tekniska Högskolan (Royal Institute of Technology) 

FEA Finite Element Analysis 
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1 Introduction  

The purpose of this chapter is to describe the background, problem description and purpose 

with the project, as well as the delimitations and methods that were used. 

1.1 Background 

The forest machines used today, with very few exceptions, does not have any chassis 

suspension. Therefore, the seats undercarriage is the only suspension that the operator has 

between him/her and the ground. This is an extremely important part, as the workdays in 

Scandinavia are 8 to 9 hours long, and in some other parts of the world even longer. In 

Scandinavia, the yearly working hours are between 2000 and 3000 hours. In Russia and 

Brazil, where the machines can be operated in shifts, 24 hours a day, this means 7000 to 8000 

working hours per year. This puts a very high demand on the seats and their suspension. 

There are a handful of seat manufacturers that most of the forest industries are collaborating 

with, but the undercarriage principle for suspension and height adjustment used is mostly the 

same, indifferent of manufacturer. The “scissor” principle is the most widely used. See Figure 

1, The principle for the scissor design. The advantages for the undercarriage with a scissor 

design are low height, compactness, ability to combine height and tilt adjustments and flexible 

adjustment options. 

 

Figure 1, The principle for the scissor design 
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1.2 Problem Description 

The seats used in today’s forest machines are designed for construction machines, trucks or 

other similar machines. These seats were not originally designed to be used in such an 

extreme environment as a forest. The results are that many operators gets shoulder, neck and 

back pains, and it can also cause motion sickness at low frequencies. The seats undercarriage 

tends to fail or break after a short time because of all the vibrations, bumps and shakes that the 

forest machines are constantly subjected to. [Ponsse, u.d.] 

The cause of this problem is that the seats are not designed to withstand the high lateral forces 

that follow when the machine drive through rough terrain every day, especially as most forest 

machines do not have a chassis suspension. 

Figure 2 shows a Be-Ge 3100 undercarriage, and the parts that most frequently fail when used 

in forest machines. See chapter 3.2 Evaluation of the current design for more details. 

 

Figure 2, Rod and rollers that tend to fail due to large vibrations. 

1.3 Purpose and Aim 

The main task was to find a solution for the undercarriage of the operator seat that damp 

vibrations and motions in the vertical direction without breaking too early. The secondary task 

was to investigate and design a solution so that the undercarriage can withstand the forces and 

motions in longitudinal, lateral, roll and pitch directions. It is also desirable that as many 

directions as possible have vibration damping.  

The aim of this project was to prove the feasibility of the intended new design using CAD and 

FEA, and if possible also 3D-printed scale prototypes. Basic strength analyses have been 

performed on key parts. The aim was also to reduce the vibrations on the operator, caused by 

cabin floor vibrations, by 50%. 
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1.4 Delimitations 

In this project, the following delimitations have been defined: 

 A new seat will not be developed; the work will focus on the undercarriage for the seat 

Be-Ge 3100. 

 The design will only consider the Ponsse cabin design. 

 Interfaces will not be changed. 

 No active damping solution will be investigated. 

 No dramatic changes in outer dimensions will be made. 

 No changes of cabin floor or other cabin parts shall be made. 

 Only a worked-through conceptual design will be developed. 

 No optimization of the design. 

 No in-depth analyses will be made (static or dynamic) 

1.5 Method 

The development model that was used is called “the Stage-Gate model” and consist of a 

number of stages/phases and gates. After each stage the gate is the decision point for deciding 

whether to push on and continue with the project or to stop. The gate is an opportunity to 

present what has been done so far in the project and to make important decisions on changes 

and priorities. Please see Figure 3 for a description of the Stage-Gate model. [Cooper, 1993] 

 

Figure 3, an example of how the stage-gate model looks like [Cooper, 1993] 

The methods chosen and used in this project divides the project into three parts/stages; the 

information gathering part, the concept development part, and finally, the final design and 

evaluation part. 

In the first stage, the information gathering, as much information as possible was gathered 

about damping and seat designs. The information gathering is presented in chapter two, 

“Frame of Reference”. As a part of the information gathering, an analysis of the current 

design with FEA and MBS simulations was performed to identify the weakest parts of the 

system. Previous reports on tests performed on the seats to further narrow down which parts 

that needs improving was also read. Then an improvement and re-dimensioning of these parts 

were to be attempted.  

In the next stage, the focus was on generating new design ideas, to see if a new approach is 

more suitable. The best concept that matches the requirements was chosen with the help of a 

Pugh matrix and in consensus with the academic and industrial supervisors. 

The final stage was to finalize the chosen design and prove that it is a sound and feasible one, 

using CAD- and FEA software, as well as some kind of physical prototype. Analyses on the 

conceptual design shall be performed to find out the natural frequencies and weak point on 

key parts in the design. It was deemed that the time would be sufficient for at least a scale 

model made with a 3D printer, but if the time would allow, a physical 1:1 scale prototype 

would be manufactured. 
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1.6 About SkogForsk and the companies involved 

SkogForsk is the Swedish research institute for the forestry, financed by industry and the 

government. This project is a collaboration between SkogForsk, KTH Royal Institute for 

Technology, and the Nordic machine manufacturers Deere & Company (more commonly 

known as John Deere), Komatsu, and Ponsse OYJ (hereafter only called Ponsse). SkogForsk 

has about 100 employees, of which about 65 are researchers. [SkogForsk, u.d.] 

Be-Ge is a family owned company group with production facilities in Sweden, Denmark, 

Great Britain and Lithuania. The company group consists of two divisions, Seats and 

Components. The seat division consists of Be-Ge Industri AB, localized in Oskarshamn, 

Sweden, Be-Ge Jany A/S, localized in Denmark and Be-Ge Seating UK Ltd., localized in the 

UK. Be-Ge is the world’s oldest manufacturer of suspended vehicle seats and one of the 

leading suppliers of seats for office and surveillance/24h in the higher comfort area. [Be-Ge, 

u.d.] 

Ponsse is one of the leading manufacturers of forestry machines in the world, with market 

shares in over 40 countries. Some of the key markets are Sweden, Norway, England, USA, 

Russia, China and Brazil. The company was founded in 1970, and had its big breakthrough in 

1983 when it launched the forwarder Ponsse S15. The frame was partially made out of 

aluminum, thus making it a lot lighter than the competitor’s equivalent products. In the last 

years the company has enjoyed a leading role in both forestry technology and production 

volume. [Ponsse, u.d.] 

The name Ponsse comes from a cross-breed dog that was roaming around in the village where 

Einari Vidgrén, the founder of the company, grew up. [Wikipedia/Ponsse, 2009] 
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2  Frame of Reference 

The information that was gathered and that was relevant to the project is presented here. 

Some background information and theory is also explained. The legal requirements are 

described briefly as well as some of the required Computer Software. 

The scope of the information gathering is to better understand how the operator seats work, 

why they are designed the way they are designed, what the pros and cons are, and what seems 

to be the main problems and how these problems can be defined. The frame of reference helps 

defining the problem description and also the purpose and aim of the project. 

Previous Master´s Theses and sources at Ponsse, Be-Ge, Kumatsu and Skogforsk have been 

consulted. Scientific articles found on the internet were studied, as well as previous patents of 

seat undercarriage designs, to see what kind of solutions that already exist.  

2.1 Legislation 

Both the European Union and the Swedish Work Environment Agency have the same policy 

regarding Whole Body Vibrations (WBV). The European Vibration Directive 2002-44-EC-

2002 and AFS 2005:15 are both based on the ISO standard ISO 2631-1:1997. This standard is 

basically a method on how to measure vibrations in the work environment. The exposure is 

measured as acceleration, and the units used are m/s
2
.  

The most important measurements, regarding this project, in the ISO 2631-1 are the 

measurements for the Whole Body Vibrations (WBV) and the Hand-Arm Vibrations, and how 

these measurements are calculated and measured. [ISO, u.d.] 

The vibration exposure is often presented in a unit called “Effective value” or RMS, which 

stands for Root Mean Square. The unit is called A(8), and it depends of the strength of the 

vibration exposure and the time a person is exposed to vibration.  

For the Hand-Arm Vibrations (HAV) the calculation is as follows: 

 (8) ( )
8

T
A A T   (0.1) 

A(T) is the daily vibration exposure calculated over a work day that is T time (usually in 

hours). A(T) is calculated as an effective value for the total frequency weighted acceleration, 

av over a period of T hours. 

The total frequency weighted acceleration, av, shall be calculated as a vector sum of the three 

Cartesian frequency weighted accelerations awx, awy and awz. 

 
2 2 2

v wx wy wza a a a     (0.2) 

Where awx, awy and awz are frequency weighted accelerations in the directions x, y and z, and 

where av is the total frequency weighted acceleration. 

For Whole Body Vibrations (WBV), the calculations are similar, with the main difference that 

A(8) shall be calculated as the frequency weighted acceleration, Amax in the direction that 

gives the highest value under an eight hour period. 

If the work day differs from eight hours, the daily vibrations dose can be calculated with the 

following equation: 
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max(8)

8

T
A A   (0.3) 

Where Amax is the effective value for the frequency weighted acceleration, in the direction of 

the highest value, calculated over a working day of the time T. In this equation, Amax equals 

the daily vibrations exposure A(T) for a working day of T hours. 

For WBV, the vibrations in each direction, x, y and z, must be multiplied with the k-factor, 

kx=1.4, ky=1.4 and kz=1, for standing and sitting persons. [Arbetsmiljöverket, 2005] 

Vibrations transferred to the human body are amplified at certain frequencies in different 

body parts and organs, and can cause varying degrees of strains and compressions in human 

tissue, depending on the intensity, frequency and direction of the vibrations. Heavy exposure 

can become troublesome, and can become both physically and mentally challenging, resulting 

in fatigue and lowering performance. In the long run, a negative effect on joints, tendons and 

the spinal disks can be observed.  

2.2 Study visit at Ponsse 

A study visit at the Ponsse factory and facilities in Finland was accomplished on the 4
th

 of 

March, to get a better understanding of how the design of the seats was conducted, and also to 

discuss more about what was important to think about when designing seats. The Ponsse 

designers had a lot of good inputs on what should be important when designing a new seat 

suspension. It was clear that the suspension and height adjustment should be separated to be 

able to get a good suspension independent of the height adjustment.  

A tour in the factory was also conducted, and it showed how they produce and assemble their 

forwarders and harvesters. For this project, the most interesting part of the tour was the seat 

and cabin assembly. It gave a deeper understanding of the space and movement restrictions, 

and other problems, that exist in a cabin.  

A brief drive with a forwarder driven by an expert operator was performed. This was an 

excellent opportunity to get input from a person that uses the machines in daily work, and also 

to feel a bit of how it is to sit in their working environment. The ride was a lot shakier than 

expected even if it was on a reasonably even surface road. The operator also put out some 

small logs, and proceeded to drive over them, simulating small rocks, resulting in a very 

bumpy experience, which gave a good insight into why operating seat suspension is so 

crucial. 

2.3 Consultations 

Discussions and consultations with both the supervisors from KTH, Ulf Sellgren, and from 

SkogForsk were held during the time of the project. A follow up meeting with the supervisor 

Ulf Sellgren was held each week. These meetings were very good and important, keeping up 

the moral and communications to a good standard. The weekly meetings also gave 

opportunities for questions to be answered and for asking of advice. 

An email conversation was also held with the head seat designer at Ponsse, Vesa Yrjänä, who 

provided a lot of insightful information and suggestions. 
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2.4 Existing seat damping solutions 

Seat damping solutions today range from no damping at all (or solely relying on the vehicles 

chassis damping), to advanced solutions using pneumatic or hydraulic systems. 

There are numerous seat damping solutions on the market, but the most common in forest 

machines are in some way based on the scissor mechanism design, which was shown 

conceptually in chapter 1.1.  

 

Figure 4, Military Blast Seat with suspension in the back.( Photo courtesy of: QinetiQ North 

America) [QinetiQ North America, u.d.] 

 

Figure 5, Example of seat design. [Northern Industrial Tools, u.d.] 
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Some designs found, are a type of backrest suspension. These can be found in military 

vehicles or in tractor seats, as seen in Figure 4 and Figure 5. This type of damping solutions 

has been an inspiration to some of the designs that will be presented later in chapter 3.3.  

 

 

Figure 6, Another example of a different suspension. [Locomotive Seats Australia, u.d.] 

 

Figure 7, Similar to the Pneumatic seat in Figure 6, but with a mechanical suspension 

[Locomotive Seats Australia, u.d.] 

More examples of damping technologies that has been inspirational can be seen in boats and 

trains, as seen in the examples above in Figure 6 and Figure 7.  

Some common traits of the designs mentioned above are that they do not have a swivel 

function, nor do they have any lateral or roll damping, they are just built to withstand really 

hard environments, harsh terrain and heavy usage. Some of these designs are designed to 

damp hard shocks with large amplitudes, thus they have a long stroke. 
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2.5 Patents 

The patents found and studied acted as an inspiration to the design development, and also 

gave an insight into what kind of solutions available on the market. The patents were found 

using Google’s Patent search tool. 

One of these patents, US5273260 A, granted to inventor Kojiro Nagata, describes a scissor 

like design with a mechanical, adjustable spring. Please see Figure 8, Description of the patent 

US5273260 A. [Nagata, 1993] 

 

Figure 8, Description of the patent US5273260 A. 

Another patent found describes a roll damping mechanism. This mechanism was an 

inspiration for some of the concepts described later on in the concepts development chapter. 

This patent was granted in 1998 to David S. Graham. The function is described as two 

dampers that can both damp the vertical as well as roll motions; please see Figure 9 and 

Figure 10. [Graham, 1998] 



20 

 

Figure 9, Roll damping mechanism in patent US5765803. 

 

Figure 10, Another descriptive figure of patent US5765803. 

And finally, the last patent that was studied was one that was supposed to be using some kind 

of magneto rheological fluid. The smart fluid usually consists of some kind of oil filled with 

small magnetic particles. This means that the viscosity of the fluid can be finely tuned by an 

electromagnet, which very fast and precise can modify the damping characteristics. The 

patent uses two damping pillars, as seen in Figure 11 and Figure 12, allowing for possible roll 

damping in later designs. This was also an inspiration to some of the concepts described later 

in the Concept Development chapter. [Tamaru & Tsuji, 2005] 
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Figure 11, Front description of US patent US20050073184. 

 

Figure 12, Side description of US patent US20050073184. 
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2.6 Computer Software 

A short description of the software, and how they are used in the project. 

2.6.1 ADAMS 

Adams is a “Multi Body Dynamics” (MBD) software capable of simulating very complex 

systems in the time domain. Adams is developed by MacNeal-Schwendler Corporation 

(MSC). In this project, Adams was used to simulate the existing solution to try to determine 

the weakest points and parts, to examine parts for harmful stresses and to examine the natural 

frequencies of the concepts. [MSC Software Corporation, u.d.] 

 

 

Figure 13, Example of Adams Dynamic simulation capabilities. [MSC Software Corporation, 

u.d.] 

 

 

Figure 14, Example of real time dynamic simulation of von Mises stress. [MSC Software 

Corporation, u.d.] 
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2.6.2 ANSYS 

Ansys is a powerful Finite Elements Analyses (FEA) software. Besides Structural Mechanics 

and static analyses, Ansys can be used to simulate Fluid Dynamics, Electromagnetics and 

Systems and Multiphysics. [Ansys, Inc, u.d.] 

In this project it was used to make static analyses of the key parts of the design, both original 

and concepts, to find out if the parts were properly designed and could handle the static 

stresses they would be exposed to. Comparisons with the Adams analyses can also be made 

on the static cases and on natural frequencies, as both software tools can simulate such cases.  

 

Figure 15, Example of static mechanical analyses in Ansys. 

 

Figure 16, Example of Fluid Dynamics analysis using Ansys Fluent. [OCFblog, u.d.] 
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2.6.3 Solid Edge 

The Computer Aided Design (CAD) software used to design and make geometrical analysis 

on concept and parts was called Solid Edge ST4. The software is made by Siemens PLM 

software, and is a complete 2D/3D CAD system that can use both synchronous or ordered 

technology to accomplish an accelerated design. [Siemens PLM Software, u.d.] 

All the concepts were first designed in Solid Edge, and then the models were exported to 

Adams and Ansys for further analyses. Also the 3D-printed scale models were designed in 

Solid Edge first, and then exported to the 3D-printer software. See Figure 17 for an example 

of how the software looks in a Windows environment. 

 

Figure 17, Example of Solid Edge ST4 functionality and features. 
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2.7 Theory 

This chapter describes some theoretical elements that are relevant to this project. The 

damping theory is deemed crucial for the project. Frequency is also crucial, as this is the main 

measuring unit used to legislate in these kinds of applications. The natural frequencies that 

exist needs to be investigated and taken into account when designing new products. As history 

has shown with bridges and other structures, natural frequencies can be very dangerous if they 

are excited, they can tear materials apart and cause grave failures. 

2.7.1 Damping: Dampers and Springs 

A damping module consists of a spring and a shock absorber. The spring absorbs the energy 

and the damper allows the kinetic energy to be dissipated in a controllable fashion. A 

pneumatic damper can act as both a spring and a damper at the same time. The spring and 

damping constants are also quite easy to modify in a pneumatic damper. 

The damping needs to be adjustable according to weight and the wishes of the operator. Some 

operators might prefer a very stiff suspension, while others would like it really soft. The 

easiest, and most preferred way, is to use pneumatic air springs, as they can be their own 

dampers, and are also easily adjustable to different settings. There is also compressed air 

readily available in most of the cabins on forest machines. Alternatively, regular hydraulic 

dampers with mechanical springs can be used, but they are harder to adjust compared to 

pneumatic ones. 

 

Figure 18, How a gas spring works. [ACE controls inc., Ditton Engineering, u.d.] 

The pneumatic springs/dampers (often called Gas springs, see Figure 18) works in the 

following manner: The force acts on the piston, forcing it into the cylinder, which in turn 

pushes the air or liquid in the cylinder through a pressure valve into the escape chamber. 

Depending on the initial air pressure in the cylinder, and the settings for the pressure valve, 

different spring and damping characteristics can be achieved. A characteristic movement for a 

gas spring is that the faster one pushes the rod, the more force is needed, as describe in Figure 

19. 
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Figure 19, The ADA500M series dampers and characteristics of their damping. [Limo AB, 

u.d.] 

For the required application on this project, it is also possible to use a hydraulic damping 

solution. These systems are very similar to the gas springs, but they are using some kind of 

liquid, usually oil, instead of air or gas. Examples of hydraulic dampers and springs can be 

seen in Figure 20. 

 

Figure 20, Direct, double acting hydraulic shock absorbers/dampers. [MuscleCarClub.com, 

u.d.] 

2.7.2 Vibrations in the undercarriage 

The seat and its undercarriage are constantly subjected to different vibrations at different 

frequencies in the cabin. The most obvious vibrations are from the engine and from the 

wheels and terrain when the machine is moving.  

Vibrations are cyclic motions of an object, they can be back and forth, up and down, side to 

side or in any other direction or pattern, the main point is that they are repeating rapidly. The 

terms for describing these motions are “Frequency” and “Amplitude”. Frequency is measured 

in Hertz (Hz), and Amplitude is unit less, as it is the magnitude between extreme values. 

The most important is to take into account the natural frequency of the seat and undercarriage 

subsystem. The natural frequencies are the frequencies were a resonance and amplification 

occurs. At these frequencies the oscillations can become so severe that they can cause 

failures. It is also important to prevent amplifications in the frequency range between 0.2 and 

0.3 Hz, as these frequencies have proven to cause motion sickness in humans [Vägverket, 

2000]. 

The natural frequencies depend on both the geometry of the piece as well as the density of the 

material. For each structure there is an infinite number of natural frequencies, and multiple 
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frequencies act at the same time. Usually, the higher the frequency, the less likely it is that it 

affects the construction or operator in a negative way, as the amplitude usually is lower at 

higher frequencies. 

2.7.3 Pugh Matrix 

Named after the British engineer Stuart Pugh, a Pugh matrix is a method to choose the best 

concept by being as objective and as systematic as possible. The method is very general, thus 

making it applicable on almost any problem where there are multiple choices involved. It is 

widely used by engineers to make design decisions.  

The matrix usually lists the different concepts on the columns, and the criteria on the rows. 

For each concept, all the criteria are compared to either each other or a reference concept. The 

criteria can also be weight according importance. An example of a scoring system can be: 

every criteria is weighted from 1 to 5, then on every concept, for each criteria, a plus is put if 

the concept is better than the reference, a zero if there are deemed to be equally good, or a 

minus if the concept is deemed to be worse than the reference on that criteria. In the end, all 

plusses and minuses are summed, and the one with the highest score is the winning concept. 

 

Figure 21, Example of a Pugh matrix [Jbergste, u.d.] 
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3 Concept Development 

This chapter shows how the work was performed, all the concepts that were developed, how 

the final concept was chosen, and finally, the tests and verifications performed on this final 

concept. 

3.1 Development Process 

The development process has been an iterative process, where the first designs have been 

redeveloped and modified along the way. The scope of the design was to prove the feasibility 

of the new design ideas for the undercarriage, using CAD and FEA. The requirement and 

requests has therefore also been  

3.1.1 Requirements Specification 

 The solution should be adaptable to the interfaces of current seats, but mainly the Be-

Ge 3100. 

 Withstand the lateral strains and shakes that the current undercarriage does not. 

 The damping shall work independent of the height adjustment. 

 Damping shall be weight adjustable (hard, medium and soft for example). 

 The height adjustability shall be as much as the original maximum and minimum 

height. 

 360° swiveling without collision with anything in the cabin. 

 The design should be modular to such an extent that a future design can incorporate 

active damping solutions 

 Simulations must be performed with six functional degrees of freedom. 

 The modified seat undercarriage must fit in existing operating cabins. 

 Dimensioning according to ISO standards. 

 Capable of length adjustments in height, length and around lateral axis for operator 

comfort. 

 Safety, no flammable substances, no sharp edges, fingers should not be able to get 

squeezed 

3.1.2 Requests on the design 

 Reduce 50% of the cabin floor vibrations. 

 At least the same adjustability properties as the original seat. 

 The undercarriage should not break before 10 000 working hours (roughly 5 years). 

 No intrusive noise that disturbs the operator. 

 Maintenance and service should be simple. 

 Materials that can withstand the loads shall be used. 

 Reduce lateral motion and roll to avoid motions sickness.  

 Should be able to handle operator weight between 50 kg and 200 kg (5% - 95% human 

percentile). 

 Should be able to handle operator length between 1,5 m and 2,0 m (5% - 95% 

percentile). 

 Environmental aspects, easy to recycle. Use recyclable materials. 
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3.2 Evaluation of the current design 

An evaluation of the current design for the scissor mechanism in the undercarriage of the Be-

Ge 3100 seat was made with Adams and Ansys. The results of these simulations were used to 

further understand what parts of the design had the highest stresses and as a basis for the 

comparison with the new concepts. 

The first step was to import all parts from the existing CAD model into Adams, and prepare 

the assembly for simulations. Weights and forces were added, along with prescribed motions 

in vertical, lateral, roll and longitudinal directions.  

3.2.1 Dynamic Analysis 

To get an idea about how the mechanical system behaves during a regular driving interval, a 

Multi Body System (MBS) simulation was performed on the undercarriage of the Be-Ge 3100 

seat series, with Adams. 

The purposes of the simulations was to find out what forces and stresses that a current 

undercarriage is exposed to during a regular working day, but it was also important to know 

how much the seat moves and vibrates in all directions, to get a reference to compare future 

concepts with.  

  2 2 0.1 10f Hz         (0.4) 

 sin( )y t    (0.5) 

A cube with a mass of approximately 150 kg was placed on the undercarriage structure to 

simulate and simplify the seat with a driver. See Figure 22. The undercarriage was then 

excited in lateral and vertical directions, with the amplitude of 20 mm with a varying 

frequency between 0 and 10 Hz, see equation 0.4 and 0.5. (These parameters have been 

collected from previous Master Thesis work by Xuan Sun). [Sun, 2012] 

 

Figure 22, The setup of the original design in Adams. 

The stresses that the mechanical system was exposed to during the regular driving interval can 

be seen in Figure 23. This simulation was made with ADAM’s feature “flexible bodies” that 
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converts solid bodies into flexible FEM-based components and in that way, able to calculate 

strains, stresses, forces on joints and other significant state properties. 

 

Figure 23, Dynamic stress analysis in Adams. The blue part was named “slider 01”. 

The dynamic analyses showed and confirmed the hypothesis that slider 01, see Figure 23, 

really was subjected to high stresses. Figure 24 shows the worst case scenario when the slider 

01 is subjected to a roll motion. See lateral and vertical stresses in Appendix F, Dynamic 

analyses of original Design. 

 

 

Figure 24, Dynamic stresses in Roll direction. 
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3.2.2 Static Analysis 

Three of the main parts from the existing design were chosen for static analysis. These parts 

were chosen because of their tendency to break or by how crucial they are for the design. The 

chosen parts are referred to as slider 1, slider 2 and slider 3, please see Figure 25.  

  
 

Figure 25, From left to right, slider 01, slider 02 and slider 03. The red arrows shows were 

the forces were applied, and the blue areas were the part was constrained. 

The forces were placed as if the undercarriage was adjusted to its lowest position, as this is 

where the parts would be subjected to the worst case scenario and the highest forces.  

   

Figure 26, The red arrows shows were the forces were applied, and the blue areas were the 

part was constrained. From left to right: slider 01, slider 02 and slider 03 

The forces used for the analyses were estimated by adding the weight for the seat and all of its 

components with the maximum weight that the seat was designed for. This resulted in a force 

rounded to 2000 N, which was applied on specific key points of the parts, see Figure 26. 

The results from the analyses show that the key parts analyzed should not break. But, as this is 

just a static analysis, the static stresses can be underestimated, as experience and previous 

tests indicate. This means that the key parts need reinforcements or, alternatively, a complete 

redesign.  

For full description of the analyses, please see Appendix E, Static analyses of original design 

parts. 
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3.3 Design Ideas, Concepts and Implementation 

A number of concepts were developed after brainstorming sessions, discussions and 

consultations. Some basic CAD models were developed for the created concepts, and they 

were also analyzed with Adams and Ansys to get some easily comparable base values. Some 

early design sketches can be seen in Figure 27. 

 

Figure 27, Early sketches of some concept ideas. 

The design process was iterative, where the first concepts were the “Stronger Original”, 

“Bouncy”, “Stump”, “The Balance” and “The Slider”. The second iteration produced the 

concepts “Inverted Double Wishbone”, “Independent Scissors”, the “Viper and Cobra” 

concepts and the “Smart Scissors” concept. Finally the third iteration produced the 

combination of concepts in addition with the scissor like idea called “Vesa Height 

adjustment”. From the third iteration, two similar concepts were chosen for further 

development. 

3.3.1 Gate meeting zero 

The first meeting where some background information was shared, organizational decisions 

were made and other details about the project were discussed. At this meeting, it was decided 

that an improvement of the existing design would be investigated using simulation tools, like 

Adams, Ansys and CAD. A completely new design would also be developed, that would be 

constructed as a prototype if the time would allow. The final decision for creating a prototype 

was postponed until gate meeting two, when the planning and all pre-work (information 

search, concept generation, etc.) was to be completed.  

3.3.2 Stronger Original 

The idea of this concept was to simply use the original design, but with the help of the Adams 

dynamic analysis, re-dimension and reinforce the weakest parts. The weakest parts are the 
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yellow part, called “slider 01”, the red part called “slider 02” and the black part called “slider 

03”. See Figure 28.  

These parts were singled out mainly because of the failure reports given by the previous 

master thesis by Xuan Sun [Sun, 2012] and by looking at failed parts provided by Ponsse, Be-

Ge and SkogForsk. The dynamic and statically analyses performed with Adams and Ansys 

confirmed that these parts needed reinforcement, and also more specific where and how much 

reinforcement that was needed. The comparison between the originals and the modified parts 

can be seen in Figure 29. 

 

 

Figure 28, Assembly picture of the original undercarriage. 

 
 

Figure 29, Slider 01. Left: original design, Right: improved design 
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3.3.3 Bouncy 

The undercarriage is replaced by a pillar-looking structure. The back of the pillar-looking 

structure is housing the suspension unit that has one or more rail guides in combination with 

springs and dampers. The back pillar should be inclined by 2-10°, to be able to incorporate the 

seat in an easy and comfortable position. The seat tilt could be managed by an electric motor 

or with a pneumatic cylinder. The swiveling is supposed to be under the bottom plate, either 

the one already existing or a modified version of that one. The main idea with this concept is 

to eliminate the need for a scissor-mechanism, thus eliminating those weak parts. The design 

is inspired by how the seat suspension in tanks and other military vehicles is designed, to be 

able to withstand mine blasts, and other very high shock loads, while still protecting the 

person sitting on the seat.  

 

  

Figure 30, 1
st
 and 3

rd
 iteration of the Bouncy design. 
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Figure 31, 3
rd

 iteration with a seat. 
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3.3.4 Stump 

The Stump is a concept with rail guides in the undercarriage instead of a scissor mechanism. 

The intention in the beginning was that this concept would have a complete height adjustment 

and damping system. After the study visit at Ponsse, it became clear that it was better to focus 

this idea into becoming a pure height adjustment module.  

The basic idea with this concept is to replace the scissor mechanism, which tend to fail due to 

large roll and lateral motions, with a simpler design based on rail guides and either a gas 

spring or hydraulic cylinder. The obvious advantage is that this design could be made stronger 

and sturdier. The most obvious drawbacks are that this concept cannot become as compact as 

a scissor mechanism when it is in its lowest position. 

 

Figure 32, The Stump concept. 1
st
 iteration. 

A short study of the Stump concept using telescopic design was also performed. But very 

early in the development process, it was realized that this kind of concept would be too 

complex and that the disadvantages with higher complexity, more parts and higher weight far 

exceeded the advantages of a lower height. Therefore, all further development was halted for 

this concept. 
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Figure 33, Telescopic Stump concept. 

3.3.5 The Balance 

The Balance concept, as the name states, is a balance module that is supposed to be mounted 

between the base pillar and the standard Be-Ge 3100 undercarriage. The idea of the concept is 

to allow floor vibrations in the roll direction; in such way that the vibrations that cause the 

damage to the undercarriage can be decreased. The assembly consists of a plate that moves 

like a balance. The plate is supposed to be stopped or damped with rubber bushings; see 

illustration in Figure 34. The Balance concept.for more info. The presumed disadvantages of 

the Balance concept is the poor damping properties that the module will have because of that 

all vibrations undoubtedly will be concentrated on the rotation shaft of the module, therefore, 

no further improvement were made.  

 

Figure 34. The Balance concept. 
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3.3.6 The Slider 

The Slider is a concept that slides or moves in the horizontal direction to reduce the vibrations 

coming from the floor, in such a way the vibrations that cause the undercarriage damage will 

decrease. The module is supposed to be mounted between the base pillar and the standard Be-

Ge 3100 undercarriage. The concept is equipped with two dampers and 4 vibration absorbers 

to stop the slider when the maximal horizontal movement is reached, please see illustration in 

Figure 35. Because of the modularity of this concept, it is also assumed that it could be 

adaptable to different seat models. Active damping could also be implemented in this concept. 

 

 

Figure 35. The slider concept. 

3.3.7 Gate meeting 1 

At this Gate meeting, the first initial concepts from the first concept iteration were presented. 

These concepts were discussed and judged, mostly by how well they could satisfy the 

requirements specification. At this meeting it was decided that some more concept generation 

was in order, and that a study visit at Ponsse would give more inspiration towards getting new 

and fresh concept ideas.  
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3.3.8 Independent Scissors 

The main idea of this concept is to use two independent scissors under the seat that act 

independently. They can potentially reduce motions in z-direction and roll. The idea is to only 

use the scissor pairs as a damping module and the “Stump” concept for height adjustments. 

Each of the scissors has its own damper, and if needed a damper or spring between them to 

keep the balance and stability. After visualizing the idea with CAD, it early became very 

apparent that the design would become very complex and imbalanced to really work; 

therefore no further development was done on this idea. 

 

Figure 36, The Independent Scissors concept. 
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3.3.9 Viper and Cobra concepts 

The objective of this concept is to separate the damping and height adjustment functions to be 

able to have the same amount of vibration damping, independent of the adjusted height. This 

combination of concepts can have two variants, one where the damping is placed on the back 

of the backrest, and one where the damping is placed under the armrests. 

The working names for the two variants are “Viper”, for the one with the damping behind the 

seat and “Cobra”, for the one with the damping in the armrests. See Figure 37 and Figure 38 

for the Viper and Cobra concepts. 

 

Figure 37, Second iteration of the Viper concept. 

The advantage of the Viper design is that it could be made quite compact. A similar design 

already exist in the air suspended Be-Ge 7150 series [Be-Ge Industri AB, u.d.]. The problem 

with that design is that it still uses the scissor design for the main damping and suspension and 

also for the height adjustment. The Viper design would eliminate that problem. 

 

Figure 38, The third iteration of the Cobra concept. 

The advantage with the Cobra design is that it could be adapted to an active damping solution 

quite easily, and that it has a very good potential to reduce roll motions. 
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3.3.10 Smart Scissors Concept 

The Smart Scissors concept is a concept based on the Be-Ge 3100 undercarriage. The 

mechanism consists of two half scissor arms that move in horizontal and roll directions, see 

Figure 39. The arms are connected with a damper on each side and an air spring to control the 

height. The idea of the module is to decrease the vibrations that can’t be damped with the Be-

Ge undercarriage and always have the same optimal damping properties independent of the 

present height. The concept could be mounted between a shorter base pillar and the standard 

Be-Ge 3100 undercarriage and might be adaptable to different seat models. An active 

damping solution could also be considered for this module. It is also suitable to be used with 

the new concepts proposed later on. 

 

 

Figure 39. The smart scissors concept. 

3.3.11 Gate meeting 2 

The study visit gave a lot of inspiration, as described previously, and the decision to have a 

modular system with separated height adjustment and damping was taken on this meeting. It 

was also decided that a full scale prototype would not be made, but focus would be on the 

design, and some kind of scale model that would be printed with the inhouse 3D-printer.  
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3.3.12 Vesa Height Adjustment module 

From here on called “Vesa HA” or just simply “the Vesa module”, this module is for height 

adjustment, and somewhat based on a scissor principle, while at the same time being more 

sturdy. The main idea is to take advantage of the up/down and forward/backward motion, as 

most people who are short, also would want to bring the seat forward a bit, while tall persons 

would push the seat back. This design achieves this in one single motion. See Figure 40 and 

Figure 41. The design is deemed to be stronger than the original scissor design because it has 

fewer sliding parts, and can generally be made with thicker dimensions. In the first iteration of 

this concept, a tilt function was lacking. This was later addressed, along with some minor 

strength improvements. See chapter 4.2.  

 

Figure 40, Perspective render of 1
st
 iteration Vesa module. 

 

Figure 41, Side view of the Vesa module 
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3.3.13 Combination of concepts 

The combination of concepts is based on four different concept ideas to separate height 

adjustment and damping, namely the “Viper”, the “Stump”, the “Vesa HA” and the “Smart 

Scissors”. The different combinations that have been favored are: 

 Bouncy with Smart Scissors and the Stump 

 Bouncy with Vesa HA 

 Bouncy with Smart Scissors and Vesa HA 

Two of these are very similar, the difference being the addition of the Smart Scissors module, 

thus leaving the choice what mechanism should be used for height adjustment and if a roll and 

lateral motion module is desired or not. See Figure 43 for possible combinations. 

 

 

 

  

Figure 42, Possible module combinations. 
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3.4 Evaluation and chosen concept 

The choice of the final concept is based on how well the concept can satisfy the requirements. 

The Pugh matrix simplified the process of choosing a final concept to further develop. For the 

complete Pugh matrix, please see Appendix D, Pugh Matrix. The Pugh-matrix showed that 

the concepts with a damping system and either the Vesa or the Stump height adjustment 

module would be the best, as these both concepts scored equally. 

After discussions with both Ponsse and the KTH supervisor, it was decided that the concept to 

further develop was to be based on a modular design, where the vertical damping would be 

handled by a module based on the Viper and Bouncy concepts. The roll motions would be 

absorbed by the Smart Scissors concept module, and finally the height adjustment would be 

handled by either the Stump or Vesas Height Adjustment concept. 

In the second gate meeting, it was decided that the main focus should be placed on a design 

using the “Vesa Height Adjustment”, with a “Viper” damping system, and with lateral 

damping capabilities. But an option would also be developed, using the “Stump Height 

Adjustment” system, which also uses the “Viper” damping system and lateral damping as the 

main concept. The swivel function was integrated into the Stump Height Adjustment to be 

allow the new module to fit in the cabin without adding too much height. 

3.4.1 Gate meeting 3 

At the third gate meeting, it was decided that the Smart Scissors module would be integrated 

into the damping module design, and that the swivel function would be integrated into the 

Stump design, when using it, to save valuable height. 
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3.5 Further development of Chosen Concept 

When the decision of which concept to continue develop was done, the work of refining the 

design began. An effort of reusing parts from the original design was made, the thought being 

that it would make the interfacing easier between the old seat and the new undercarriage. 

The combination of concepts resulted in a new concept module. This module would combine 

the vertical, roll and lateral damping into one single module. The Smart Scissor module was 

incorporated into the damping module to accomplish the roll and lateral damping, to save 

vertical space and to achieve a more sturdy and streamlined design. 

This module was simply called “the Damping module”. See Figure 43. To this damping 

module a height adjustment module is attached. This can be either the one called “Vesa 

Height Adjustment” or the modified “Stump” concept. For a complete description of the final 

design, please see chapter 4 The Resulting Conceptual Design. 

 

 

Figure 43, The damping module, with vertical and lateral/roll damping. 
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To further save vertical space, the swivel module on the Stump option would be incorporated 

in the Stump concept. 

 

 

Figure 44, The swivel function and its components. 

 

3.5.1 Gate meeting 4 

On this meeting the importance of verification, and what verifications were important to focus 

on was discussed. The 3D models were presented as well as how the project was proceeding. 

No new decisions were made regarding any tests or any work for the project. This meeting 

was mostly a presentation of the work done so far, and information on coming presentations. 

3.6 Verification 

Verifications were done with three different methods; geometric verification, static analyses 

and simulations, and dynamic analyses and simulations. The scope for the verifications was to 

verify that the initial requirements and requests were satisfied. The most important of the 

requirements were the split of the damping and height adjustment functions, which was 

satisfied with the new concept design. Other important requirements were the fit within the 

cabin (that the seat is able to swivel 360° without hitting anything), that the design should be 
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modular with options of active damping in the future and that the cabin interfaces should be 

unaffected. All of these requirements have been satisfied. 

Some important requests were to reduce the vibrations with 50% and have the same 

adjustment capabilities as the original seat. The vibration reduction is very dependent on what 

kind of damper is installed, and which direction that is chosen to be most important, as 

damping constants are different depending on direction and other factors. The tilt function on 

the Stump variant is not yet developed, but a suggestion for a possible design will be added in 

chapter 5.1. 

The initial idea was to use Adams and Ansys to make the same kinds of analyses, and thus 

verify each other. Unfortunately this was not possible, as the same test and analysis could not 

be performed in both programs due to license restrictions and lack of processing power. 

 

3.6.1 Geometric Space verification 

The CAD model was finalized with all the correct dimensions and parts. Then it was put into 

an assembly containing a model of the actual Ponsse cabin, to verify that it would fit and not 

hit anything, indifferently of the position it was in. The CAD-models should be able to move 

without interference or collisions between parts. 

  

 
 

Figure 45, Geometric Space verification for the Ponsse cabin seen from different 

perspectives. 
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Figure 46, Geometric cabin analysis with full roll-tilt. 

Another geometrical aspect is the height adjustment possibilities for each concept. In Table 1, 

a comparison between the original and the two new design options is presented. The total 

maximum and minimum heights are presented as well as the height adjustment capabilities. 

See Figure 47 on how the measurements were performed for each design. 

Table 1, Approximated Height differences in mm. 

Design 

Height  
Original Vesa Stump 

Max 428 500 540 

Min 297 300 310 

Damping (±) - ±75 ±75 

Adjustable (▲) 131 85 144 

 

Figure 47, How the measurements performed. 
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3.6.2 Physical Geometric verification 

To better evaluate the design, it was decided that a scale prototype would be created. The 

fastest and easiest way to accomplish this task was to simply use a 3D printer and print out the 

model. This scale model would help in identifying not so obvious flaws or problems in the 

design at an early stage.  

 

 

Figure 48, The 3D-printed Vesa model. 

 

Figure 49, The 3D-printed Stump model. 
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The CAD had to be simplified for the scale model, as the 3D-printer has a limitation on how 

fine details it can print. The limitation is a minimum layer thickness of 0.254 mm, giving the 

resolution in the vertical direction. [Stratasys, u.d.] The resolution in the x- and y- directions 

are a somewhat finer, but a recommended distance of at least 0.1 mm is still suggested for 

parts that must be separated. A good thing to remember is that the more complex details there 

are, the more time- and resource consuming it is, therefore a simplified model is always 

desired.  

3.6.3 Static Stress Analyses 

The static analyses made with Ansys were for stresses and deformations in some key parts of 

the structure, to verify that they were durable enough. The key parts were selected by looking 

at the design and estimating which of the components would tend to get high loads or torques. 

Only basic analyses were done, and the result would be recommendations for future work and 

optimization.  

The parts that were analyzed were: 

 Stump top plate 

 Vesa top plate 

 Damping module 

 Suspension bracket 

  

 
 

Figure 50, The following parts were selected for analyses: upper left, Stump topplate, upper 

right: Vesa topplate, lower left: Damping module, lower right suspension bracket. 

The load cases for the analyses was a worst case scenario with a 2000 N force acting on a 

small part of the undercarriage. It was divided into 3 pure scenarios, one from each direction, 

x-, y-, and z- direction. See Figure 51 and Figure 52 for a description of how the active forces 

in the analyses. 
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Figure 51, For the Stump analyses, From left to right: force acting in z-, y-, and x-directions 

   

Figure 52, For the Vesa analyses, From left to right: force acting in z-, y-, and x-directions 

 

 

Figure 53, The Stump top plate, how the forces and supports were configured. 
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Figure 54, Stump top plate, the von Mises Equivalent stress. 

 

 

Figure 55, The Stump top plate, maximum principal stress. 
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Figure 56, The Stump top plate, the total deformation. 

 

The other parts were analyzed in the same manner as the Stump top plate, and the resulting 

pictures can be seen in chapter 0 Appendix G, Static Stress Analyses.  

The results from the static and dynamic analyses showed that the critical parts would indeed 

be exposed to quite high, but not too high, stresses if subjected to a static load of 2000 N 

(approximately 200 kg). High stresses were observed in the dynamics analyses, and thus it is 

consistent with experience from the field that the parts tend to break due to dynamic cyclic 

loads. Optimization remains to be done, to find the best balance between strength, durability 

and weight. 
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3.6.4 Vibration reduction, Damping control and Natural Frequencies 

According to the specified request, a 50% reduction of the vibrations in vertical and 

lateral/roll is desired. This is possible to achieve if springs and dampers with the proper spring 

and damping constants, k and c, can be found, or designed and manufactured.  

Dynamic simulations were made with Adams. A weight of 150 kg was added to the model to 

represent an average mass that would act on it. Four design variables were created to 

represent the dampers, two for the vertical dampers and two for the roll dampers, using the 

Design Exploration feature. These design variables were needed to calculate the optimal 

spring and damping constants for each pair of dampers. The Height Adjustment module was 

simplified as a rigid component. Therefore the dynamic tests were only performed on the 

Vesa variation, as it was assumed that the results would be the same with the Stump variation. 

All tests were made for lateral, vertical and roll motion excitations. This gave an optimal 

value for each direction for each damper. The optimal results are marked with a bold text in 

Table 2.  

Table 2, The values for the Design Variables. 

Vertical-motion, frequency=5Hz 
   

cv -

[N·s/mm] 

kv -

[N/mm] 

cr -

[N·s/mm] 
kr-[N/mm] 

Floor max acc - 

[m/s
2
]
 

Seat Max acc - 

[m/s
2
] 

1 9 3 9 9.8 3.9 

2 9 3 9 9.8 6.3 

2 9 3 18 9.8 4 

Lateral-motion, frequency=5Hz 
   

cv -

[N·s/mm] 

kv -

[N/mm] 

cr -

[N·s/mm] 

kr -

[N/mm] 

Floor max acc - 

[m/s
2
] 

Seat Max acc- 

[m/s
2
] 

1 9 3 9 9.8 3 

2 9 3 9 9.8 3.2 

2 9 3 18 9.8 3 

Roll motion, Used frequency=0.8 Hz 
  

cv -

[N·s/mm] 

kv -

[N/mm] 

cr -

[N·s/mm] 

kr-

[N/mm] 

Angular Vel 

[Deg/sec] 

Seat Max acc- 

[m/s
2
] 

1 9 3 9 9.2 0.43 

2 9 3 18 9.2 0.42 

The initial values used in the Adams-based analyses were taken from the ADA500M series 

gas springs. The graph can be seen in Figure 19 in chapter 2.7.1. These numbers were then 

used to have a starting point for the dynamic simulations.  

In the next test iteration, values from the master thesis by Xuan Sun were used. The frequency 

chosen was based on the theoretical acceleration of the test platform, see pp.34, Figure 24 in 

the report by Xuan Sun. Other values that were used from the same report were the values for 

the design variables found in, Figure 28, pp. 36. [Sun, 2012]. The results from all tests can be 

found in Appendix H, Dynamic Analyses. 

The natural frequencies depend on the spring and damping constants of the dampers. If the 

optimal values that were calculated are reinserted in the model for the natural frequencies, a 

theoretical result can be attained. See Appendix H, Dynamic Analyses. 

Using Ansys, and inserting the optimal values that were obtained with Adams, the results 

show that the pitch direction gets a very high acceleration when excited in the longitudinal 
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and vertical directions, see Figure 57 for comparison between previous Master thesis results 

and results for new concept design. 

 

Figure 57, Comparison between Vesa and Be-Ge-3100 for excitation in pitch direction. The 

highest values can be seen in the WBVx and WBVz graphs, with an acceleration of 110 m/s
2
. 

To find the natural frequencies for the complete assembly, all the contacts and connections 

between the components had to be defined. The previously calculated values for the spring 

and dampers were inserted into the Ansys model. The solution feature was ordered to find the 

first six natural frequencies. The natural frequencies found for the system between 0 and 10 

Hz, were 1,3 Hz and 2,2 Hz, 4,2 Hz and 9,4 Hz, see Figure 58.  

 



57 

  

  

Figure 58, Natural frequency mode shapes for the Vesa concept. Upper left: 1,3 Hz. Upper 

right: 2,2 Hz. Lower left: 4,2 Hz. Lower right: 9,4 Hz. 
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4 The Resulting Conceptual Design 

This chapter shows the final concept results and gives a description of all the functions and 

parts in the new design. 

The finished design consists of two or three separate modules, depending on if the Vesa- or 

Stump- height adjustment is chosen. The modules are:  

 Swivel module (only for the Vesa height adjustment) 

 Height adjustment module, either the Vesa or the Stump 

 Damping module 

 Seat module 

4.1 The swivel module 

This is the same module used in the original design. As the Vesa height adjustment does not 

have a built in swivel function, it is needed for this module. There are room for improvements 

and modifications of the original design. It could for example be shortened by at least 70 mm, 

making it possible to save even more vertical space if needed. 

 

Figure 59, Front view of the original swivel module. 

 

Figure 60, Perspective view of the original swivel module. 
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4.2 The Vesa Height Adjustment 

One of the options for height adjustment is referred to as Vesa Height adjustment, after Vesa 

Yrjänä who came with the initial idea. A powerful pneumatic or hydraulic cylinder is needed 

for the operation of the module, as it must be kept in a fixed position. The big advantage with 

this design is that most short people would be adjusting the seat to a low position, and at the 

same time the will be moved forward, and tall people would do the opposite. With the Vesa 

concept one gets these adjustments in one single motion, instead of two separate motions. The 

forward-backward adjustment is still there under the seat for the operators that need further 

adjustments. See Figure 61 and Figure 62. 

 

Figure 61, 2
nd

 iteration of the Vesa module. 

 

Figure 62, Side view of the Vesa module. 
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Figure 63, Explanatory view of the Vesa module. 

Another advantage with the Vesa module is that it has a built in tilt function. See Figure 63. 

The tilt can be adjusted approximately ± 10°. 
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4.3 The Stump Height Adjustment 

Like the Vesa module, this module is for height adjustment. The idea is to have a very sturdy 

base pillar, where the vertical moving component is moving on rail guides for absolute 

sturdiness and strength. The lifting cylinder should be a strong pneumatic cylinder, or 

preferably, a strong hydraulic cylinder, for minimum unwanted movements and risk for 

vibration amplification. 

 

Figure 64, Cross section of the Stump with explanation of the different parts. 

 

Figure 65 
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4.4 The Damping Module 

The damping module is supposed to protect from shock and to reduce vibration in the vertical 

and lateral directions. This design can handle some roll motions as well. The damping is 

managed by gas springs or by pneumatic cylinders, the difference being that the gas springs 

are an enclosed system with no need for any additional equipment. The downside is that gas 

springs are more difficult to adjust and they also have a smaller adjustable span compared to 

pneumatic damping cylinders.  

 

 

Figure 66, Above: The complete assembled damping module. Below: top and exploded view 

of the vertical damping unit. 
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4.5 The complete Assembly 

The final design is presented in Figure 67, where all the parts can be seen assembled. In 

Figure 68, the Stump variation can be seen. These pictures were rendered with the computer 

software Showcase. 

 

 
 

 

Figure 67, The Vesa concept with the damping module and complete seat (above).Lower left 

and right shows the complete concept without seat . 
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Figure 68, The Stump concept with the damping module and complete seat (above).Lower left 

and right shows the complete concept without seat. 
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5 Discussion and future work 

In this chapter, a discussion of the process and the work done in this project is presented. 

Some reflections on the lessons learned and also some recommendations for further future 

work are given. 

At the beginning of this project, the expectations were really high, such as to have a finished 

and tested prototype concept after 20 labor weeks. This was a very optimistic approach, and 

was soon realized to be unreachable because of the limited time and people resources 

available. The goal for the thesis remained the same, namely to design a new and improved 

undercarriage for the operator seat, but the concrete aim changed slightly. From building a 

finished prototype to just having a thoroughly worked through basic concept that would have 

a high potential to work properly, and that it was viable for further development and detail 

design. 

Concept generation was mainly conducted by only two people, namely the authors of this 

report. This means that the sheer number and quality of the concepts was limited to what they 

could manage. This is not to say that the concepts were bad or were lacking some important 

properties, but that a greater number of people naturally would come up with additional and 

more varied concepts. The greatest and best ideas were formulated in collaboration with the 

people involved both from Ponsse, SkogForsk and KTH, as described earlier in the report. 

Most of the concepts developed did not get very far into the development phase before they 

were discarded for one reason or another, but they were not forgotten, and some details were 

often reused in other concepts or parts. Almost all the concepts that were thought of are in the 

report, except the really farfetched ideas that after further consideration were judged not to 

work at all. 

The resulting concept design was able to satisfy all of the requirements and most of the 

requests. So from this perspective, the project has been quite successful.  

The dynamic analyses were only conducted on the Vesa concept option, because of time 

limitations, and the most important part of the dynamic analyses were concerning the 

damping module, which was identical to both the Stump and the Vesa concepts. Therefore it 

was deemed that the limited resources should not be wasted on redundant tests. 

Some limitations in the workflow occurred when there were some troubles with 

computational capacity, licenses for some software and support for new software versions. 

These hurdles were not catastrophic, and some obstacles were to be expected along the way. 

5.1 Future work 

Before it is time to make a prototype for full scale testing, there is still a lot of work to be 

done. This chapter tries to summarize the steps and tasks left to be done. Many small and 

minor design details that must be addressed before a full scale prototype can be manufactured 

are considered. Among the minor design details that need to be addressed on the Stump 

concept are the following: opening for the pneumatic air, swivel bearing housing for the 

piston, finding a suitable axial needle bearing and finalizing a tilt function. Some minor 

design details on the Vesa concept that need to be addressed are to find suitable bearings for 

all the joints and a suitable hydraulic cylinder for the lifting part.  

Another issue that must be investigated is to see if damping is needed in the longitudinal 

direction (x-direction). The results from the analyses in Ansys showed an 110 m/s
2
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acceleration at a frequency of 5.5 Hz, see Figure 57, WBVx and WBVz. This acceleration 

might cause failures in the structure if it is not properly managed.  

One feature that can be worth investigating is to have a double damping feature in the Vesa 

concept. The height adjustment hydraulic cylinder could be changed to a pneumatic cylinder 

with damping capabilities to further protect the whole system in longitudinal direction. 

The first thing that should be done, after choosing the kind of height adjustment module to 

use, is to do several more in-depth analyses of the key parts, and then try to optimize the 

dimensions accordingly. If the Stump module is chosen, a new tilt function has to be designed 

or bought off-the-shelf. A possible design for a tilt function could be to use a pneumatic 

cylinder, like the one in the Vesa module, but in the suspension bracket instead, where the 

seat is attached. A pneumatic cylinder would be pushing a rod that travels in some kind of 

rail, pushing the seat upwards. Please see Figure 69. 

 

Figure 69, Proposition of a tilt function for the Stump concept. 

The next step would be to find the right suspension units for the damping module. A 

pneumatically controlled gas spring would be ideal for this application, as it can easily be 

controlled to suspend different weights, and also have adjustable characteristics.  

The next logical step would be to really finalize the design and hammer down all small 

details, so that a full scale prototype can be manufactured. In most of the joints, a plain 

bearing is the best choice, but some may be better suited for ball bearings or other types of 

bearings. The safety details must be sorted out, like a rubber skirt for the Vesa height 

adjustment module, so that no hands or fingers get squeezed. All the tolerances must also be 

finalized before manufacturing and assembling a prototype. 

And finally, some tests are in order. It can be full scale field-tests directly in a forwarder or 

harvester, or synthetic tests using a motion platform.  

A natural evolution of this concept would be to upgrade it with active damping. This could be 

achieved with sensors and a control unit that controls the active cylinders (that can be either 

pneumatic, hydraulic or even electromagnetic). 
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Appendix A: Organization and Planning  

This chapter describes how the project was organized and planned, for the best utilization of 

the available time and resources. 

Time frame 

The project started on January 21 2013, and the date for the final presentation was set for June 

11 2013. Within this time frame of roughly 20 weeks all of the work was completed. The time 

frame for the project is divided in to three periods: planning and information gathering, design 

and testing/verification and finally manufacturing and presentation. 

 

Period 1: 

Planning 

 Time frame 

 GANTT schedule  

 Planning report 

 Start writing on main report 

Information Gathering 

 Search for existing solution 

 Read relevant reports and existing Master thesis reports 

 Perform study visits 

Period 2: 

Design 

 Concept generation 

 Pugh matrix for choosing best concept 

 Simulation of chosen concept 

Testing/Verification 

 Design relevant tests 

 Perform tests on early prototype/existing or modified seats 

Period 3: 

Manufacturing 

 Manufacture prototype of final concept 

 Test prototype 

 Optimization  

Presentation 

 Finnish main report 

 Present for school and Skogforsk 
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Appendix B, GANTT chart 

 

 

 
TIMEPLAN Month Jan Feb Mars April Maj Juni

GANTT chart Job week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Aktivity Start Finish Week 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

problem description 130121 130201 T p B

Req.specifications 130121 130201 e å U

Delimitations 130121 130208 n s F

Info search 130121 130222 t k F

Study visits 3-4-mars a E

Legislation R

Consultation T

analyze existing solutions V

E

V C

Skogsfork Meetings 12-feb 19-feb e 25-mar 22-apr 20-maj K

Supervisor meetings 30-jan 08-feb 15-feb 22-feb 01-mar 08-mar c 12-apr A

k

Concept design 130218 130329 a

Detailed Design deadline

evaluation

Prototype manufacturing

Virtual tests 130304 130412

Verification/validation 130318 130412

Oppositioning

Test 130422 130517

Report writing 130121 130531

Preliminary presentation 03-jun

Final Presentation 130611 27-feb 11-jun

Table 3, GANTT chart 
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Appendix C: Risk Assessment 

The questions that needs to be asked to ensure a good result from the work includes: 

 Will tests be accurate and give relevant results? 

 Will the time be sufficient to analyze results? 

 Are simulations and calculations accurate and do they really reflect reality? For 

example: In the simulations, are the forces applied in an accurate manner and applied 

on the right pressure points? Do the forces have the correct magnitude? 

To minimize risks it is important to double check results and to show preliminary results to 

persons with similar knowledge, like teachers and supervisors, and get their input. 

 

In the table below the risks are analyzed with probability and consequence in a scale of 1, 3 or 

9, where 9 is the most severe. A suggested preventive action is also devised. 

Table 4, Risk analyses table. 

Risk Probability 

(1,3,9) 

Consequence 

(1,3,9) 

Preventive Action 

Accurate test 3 3 Dubbel check, ask 

supervisor or other 

experts 

Sufficient time 1 9 Good planning 

Loss of Data 3 9 Regular backups 

Accurate simulations 3 3 Dubbel check, ask 

supervisor or other 

experts 

Accurate calculations 3 3 Dubbel check, ask 

supervisor or other 

experts 

Connection to reality 3 3 Try to understand and 

predict how and where 

discrepancies can happen 

and take them into 

account. 

Sickness/illness 3 1 Work from home. Divide 

tasks so that the 

workload gets evenly 

distributed. 
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Appendix D, Pugh Matrix 

Table 5, Pugh Matrix 

 

 

 

PUGH Matrix for Undercarriage re-design -  Be-Ge 3100

Criteria Importance Original Bouncy
damping 

module+Stump

damping 

module+Vesa
Stump Slider Balance Viper Cobra smart scissors indep.scissors Improvements

Picture

Adaptable to the interfaces of current seats. 3 0 + + 0 + + + + + 0 0

Withstand lateral forces and vibrations 5 + + + + + - + - + + -

Reduce 50% of the floor vibrations WBV 5 R + + + + 0 - + + + + -

Fit in existing operating cabins 5 - + + + 0 0 0 + + 0 +

Adaptable to Existing Chair Mechanism 1 E - 0 0 - + + 0 0 + - 0

Maintenance and service 3 0 + + + - - + + + 0 -

Lifecycle cost 2 F 0 + + 0 0 + + 0 0 - +

Innovative 1 + + + 0 0 0 + + + + 0

Potential for modularisation 3 E 0 + + + + + + + + + +

Adjustment Capabilities 4 + - - + + + 0 + - - +

Maximal and minimal height of the total Chair 4 + + + - 0 0 - - - 0 +

Safety 4 R 0 0 0 + 0 0 + + + - +

Environmentally Friendly 2 0 0 0 0 0 0 0 0 0 0 0

Reduce lateral motion roll to avoid motions sickness 3 E 0 + + 0 + + 0 + + + -

N

Potential for active damping 1 + + + - + + + + + + 0

Reduce Roll 5 C 0 + + 0 - + 0 + + + -

Reduce and withstand Lateral motion 5 0 + + + + 0 0 + + + 0

Dampen Vertical motion 3 E + + + 0 - 0 + + + + 0

Independent Height adjustment and Damping 5 0 + + 0 - + + + + 0 -

Sum + 23 53 53 34 25 27 35 50 52 31 22

Sum  - 6 4 4 6 16 13 4 9 8 11 26

Total +/- 17 49 49 28 9 14 31 41 44 20 -4

Comments:

complete system, most 

likeable by Vesa, needs 

more work

less complex without 

smartS+ less 

buildheight

mostly used as 

height adjustment 

module

lateral motions 

damping module

only roll-damp module combination, most 

likeable by Björn

combination, 

problems with 

pitch

damoing module to complex, won't work, 

discontinued
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Appendix E, Static analyses of original design 
parts 

Slider 01 

 

Figure 70 

 

Figure 71 
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Figure 72 

 

Figure 73 
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Slider 02 

 

Figure 74 

 

Figure 75 
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Figure 76 

 

Figure 77 
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Slider 03 

 

 

Figure 78 

 

Figure 79 
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Figure 80 

 

Figure 81 
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Appendix F, Dynamic analyses of original Design 

 

Figure 82, The dynamic stresses in vertical direction. 

 

 

Figure 83, The dynamic stresses in lateral direction. 
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Appendix G, Static Stress Analyses 

Stump top plate 

Vertical Analyses 

 

Figure 84 

 

Figure 85 
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Figure 86 

 

Figure 87 
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Lateral Analyses 

 

Figure 88 

 

Figure 89 
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Figure 90 

 

Figure 91 
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Longitudinal Analyses 

 

Figure 92 

 

Figure 93 
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Figure 94 

 

Figure 95 
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Vesa top plate 

Vertical Analyses 

 

Figure 96 

 

Figure 97 
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Figure 98 

 

Figure 99 
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Lateral Analyses  

 

Figure 100 

 

Figure 101 
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Figure 102 

 

Figure 103 
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Longitudinal Analyses 

 

Figure 104 

 

Figure 105 
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Figure 106 

 

Figure 107 
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Damping module 

Vertical Analyses 

 

Figure 108 

 

Figure 109 
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Figure 110 

 

Figure 111 
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Lateral Analyses  

 

Figure 112 

 

Figure 113 
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Figure 114 

 

Figure 115 
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Longitudinal Analyses 

 

Figure 116 

 

Figure 117 
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Figure 118 

 

Figure 119 
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Suspension bracket 

 

Vertical Analyses 

 

Figure 120 

 

Figure 121 
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Figure 122 

 

Figure 123 
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Lateral Analyses  

 

Figure 124 

 

Figure 125 
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Figure 126 

 

Figure 127 
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Longitudinal Analyses 

 

Figure 128 

 

Figure 129 
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Figure 130 

 

Figure 131 
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Appendix H, Dynamic Analyses 

The units for the damping and spring coefficients below are (N·s)/mm and N/mm 

respectively. Where c is thelinear damping coefficient and k is the spring constant. 

 
  

Roll movement, Used frequency= 0.8Hz

Iter, O1 c_vert k_vert c_roll k_roll

0,00 643,47 3,00 10,00 1,00 18,00

1,00 354,79 2,96 9,78 8,15 11,48

2,00 187,95 2,79 9,90 4,70 2,18

3,00 113,72 2,73 9,88 3,45 0,00

4,00 13,13 2,65 9,55 1,42 5,42

5,00 10,11 2,66 9,59 1,65 4,81

Y movement, Used frequency=10 Hz

Iter, O1 c_vert k_vert c_roll k_roll

0,00 2439,20 3,00 10,00 1,00 18,00

1,00 1116,70 0,49 8,48 0,46 27,39

2,00 1889.4 5.8 15.000 0,00 15.895 

3,00 174,11 0.36 8,39 0,00 18.34

Z movement, Used frequency=10 Hz

Iter, O1 c_vert k_vert c_roll k_roll

0,00 5484,00 3,00 10,00 - -

1,00 1978,20 0,32 7,09 - -

2,00 616,72 0,00 7,06 - -

Average 1,95 8,86 2,48 8,55

1 9 3 9
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Figure 132, X-direction, Longitudinal direction. 
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Figure 133, Y-direction, Lateral direction. 
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Figure 134, Z-direction, Vertical direction. 
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Figure 135, Roll 
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Figure 136, Pitch 
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Figure 137, Yaw 


