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Preface 
 

As part of the Cranab’s team and in order to gain relevant experience in the field mechanical 

construction I was required to perform an analysis on one of the boom mowers included in 

Slagkraft product line. This research will provide me enough knowledge surrounding the 

main functions of Cranab’s boom mowers as well as it will help me build stronger links 

between me and my colleagues at Cranab. 

 

This research project include several technique approaches that goes from modal analysis, 

structural analysis, finite element method analysis and 3D modelling. It also includes some 

insights for modelling in Autodesk Inventor and ANSYS that helped me personally obtain 

a more professional experience to be added in future projects or other contributions in my 

personal career as a mechanical engineer.  

 

During this project, I also obtained important knowledge regarding production techniques 

in the metal industry and manufacturing processes adopted within the production of forestry 

machinery. At the same time, I manage to obtain enough understanding how these 

techniques and processes are tightly connected to the company’s economic performance 

and how these affect as well company’s culture. 

 

For this experience and contribution I want to thank Lennart Engström, Production engineer 

manager for welcoming me into Cranab’s team and for accepting my research request. Also, 

I want to thank Mattias Lundström, product development manager for providing me with 

the research theme and valuable insight. I want to thank Jakob Sällström, Cranab’s 

mechanical constructor for instructing me on how to perform a modal analysis in Autodesk 

Inventor. I want to thank Cranab’s montage team for allowing me access to the boom 

mower’s test facilities and obtain valuable data. Finally, I want to thank Lars Andersson and 

Leif A. Johansson, both lecturer at Umeå University for their provided help assessing 

different matters encounter in this research project.  
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Abstract 
 

Road safety is a complicated issue that affects most world economies due to its negative 

socioeconomic impact. Road safety programs include different programs that cover 

different areas for minimizing the effects of these impacts. One of these programs focuses 

road safety against invasion of wildlife into traffic roads. Most economies that heavily 

include these particular programs, such as Sweden, rely on specific machinery and 

techniques for clearing road shoulders that allows driver to foresee any possible danger or 

road invasion in good time. The most common piece of machinery used for covering this 

type of activity is known as a boom mower. 

 

Boom mowers can be pictured as giant lawnmowers that are attached into a long boom crane 

from wheel loaders or excavators, so they can clear invading vegetation from the road 

shoulders. Boom mowers suffer from heavy wear due to their dimensions, weight and 

operating speed which it requires companies to pay extra attention to their construction and 

choice of materials. 

 

Cranab Slagkraft is a Swedish company that has been specialized for providing high quality 

boom mowers for the last 30 years for clearing vegetation on the Swedish roads. But, despite 

their higher quality products, these boo mowers are often expensive and complicated to 

manufacture. For this reason, Cranab has requested a study to minimize the manufacturing 

burden in order to simplify its production and diminish cost. 

 

This research study focuses on the latest components addition into the boom mower 

construction to assess their performance. For this research, the researcher will put to test the 

reinforcements of the boom mower’s model SH150 and see what their performance against 

harmonic vibrations and structural strength against local stresses are.  

 

The research follows two complementary analysis. First, a modal analysis on the boom 

mower’s main structure for evaluating resonance levels at an operating frequency.  Second, 

a structural analysis with idealized conditions at operating speed to determine construction 

stress resilience. 

 

The results in this research reveals that the modal analysis rejects the viability of one group 

of reinforcements and confirms the implications of the other one. Also, the results reveal 

that the complicated geometry requires advanced software for providing more conclusive 

results.  In addition, the boom mower’s own geometry and choice of material might play a 

role in adjusting the harmonic resonance and adjusting the boom mower’s mechanical 

properties. The latter conclusion should be considered as a theme of study for future 

research in this same field.  
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Sammanfattning 

 
Trafiksäkerhet är ett komplicerat ärende som påverkar de flesta världsekonomier på grund 

av dess negativa socioekonomiska inverkan. I trafiksäkerhetsprogrammen ingår olika 

program som täcker olika områden för att minimera de socioekonomiska effekterna. Ett av 

dessa program koncentrerar sig på trafiksäkerhet mot invasion av vilda djur på motorbanor. 

De flesta världsekonomiers system som omfattar dessa trafiksäkerhetsprogram, till exempel 

Sverige, är beroende av specifika maskiner och tekniker för röjning av vägarna som gör det 

möjligt för föraren att i god tid ska kunna förutse eventuell fara eller vilt som kommer in på 

vägen. Den vanligaste maskinen som används för röjning av vägar kallas kättingröjare.  

 

Kättingröjaren kan liknas vid gigantiska gräsklippare som är fastsatta på en grävmaskin, 

hjullastare och/eller väghyvel så att de kan rensa bort gräs från vägkanten. Kättingröjare 

lider av kraftigt slitage på grund av deras dimensioner, vikt och driftshastighet. Det kräver 

att tillverkaren uppmärksammar konstruktionen och materialvalet till kättingröjaren. 

 

Cranab Slagkraft är ett svenskt företag som under de senaste 30 åren har specialiserat sig på 

att leverera högkvalitativa kättingröjare. Kättingröjarna är ofta dyra och komplicerade att 

tillverka. Av den anledningen har Cranab begärt en studie för att förenkla produktionen och 

minska tillverkningskostnaderna.  

 

Den här studien koncentrerar sig på det senaste komponenttillägget i kättingröjarens 

konstruktion för att bedöma deras prestanda. I den här studien testas flera förstärkningar i 

kättingröjarens modell SH150 för att undersöka deras prestanda mot harmonisk vibration 

och strukturell hållfasthet mot lokala spänningar.  

 

I studien ingår två kompletterande analyser. Först görs en modalanalys på kättingröjarens 

huvudstruktur för utvärdering av resonansnivåer vid driftsfrekvensen. Sedan görs en 

strukturell analys med idealiserat tillstånd vid driftshastigheten för att bestämma 

spänningsmotståndet.  

 

I resultatet beskrivs en grupp av förstärkningar som inte har någon påverkan för 

kättingröjarens harmoniska vibration och spänningsmotstånd och en andra grupp som visar 

påverkan. Även resultaten visar att den komplicerade geometrin kräver avancerad mjukvara 

för att ge mer avgörande resultat. Dessutom kan kättingröjarens egen geometri och 

materialval ha påverkan vid justering av dess harmoniska resonans och mekaniska 

egenskaper. Den senare slutsatsen bör betraktas som ett begrepp för framtida studier inom 

samma område.  
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1. Introduction 
 

Swedish road safety is a major concern especially in the northern parts of the country where 

a major account of road traffic accidents falls into what so called “viltolycka” or its common 

English term, animal-vehicle collisions (AVC). These accidents entail in most cases a 

collision between a vehicle and an animal which includes pet and other tamed animals. The 

main cause of these collisions is directly related to lower visibility on areas with dense 

forestation or high vegetation.   

 

According to recent statistics and for the years 2012-2017 it raised the amount of this traffic 

incidences up to 25% that corresponds a total of 60 000 per year (Anon., 2018). A major 

part of these incidences involves wild animals such as bears, elks, wolves and a large per 

cent of several species within the deer family. AVC has been a major concern economically, 

socially and ecologically due to the increase of urban areas and traffic volume in Sweden. 

As for example, collisions involving the deer family accounted for 300 million SEK (about 

36 million $) covering fatalities, medical assistance, hunting value and other collateral 

damages back in 2012 (Jägerbrand, 2014, p. 7). Rarely do AVC incidences lead to fatalities, 

averaging 50 per year between 2003-2012, however the number of incidences leading to 

injures requiring medical assistance raises to an average close to 3 000 per year for a volume 

of 30 000 incidences (Jägerbrand, 2014, p. 24). It is expected that these figures had risen in 

the most recent years. 

 

Sweden’s countermeasures have been mostly centered on protecting wild life from 

accessing main roads and highways using fences. Fences are an effective countermeasure 

however these carry higher maintenance costs and most animal find their way to pass 

through them (Jägerbrand & Antonsson, 2016, p. 230). Other countermeasures have been 

the use of warning signs, lowering speed limits, improving road illumination and vegetation 

clearance to improve visibility or increase the driver’s response time margin.  

 

Vegetation clearance effectivity have been heavily questioned and discussed but several 

studies reveal that vegetation clearance on landscape areas often result in fewer AVC 

incidences (Finder, et al., 1999), (Hedlund, et al., 2003), (Seiler, 2005) (Jägerbrand & 

Antonsson, 2016).  Visibility plays a major factor on avoiding AVC collisions and 

vegetation clearance provides a solution that works on both day and night conditions and 

this countermeasure works better in conjunction with proper fencing and speed reduction 

(Seiler, 2005). As a result, the need for vegetation clearance is a necessity for Sweden to 

keep its road safe. 

 

The most common way to proceed with the vegetation clearance on roads and highways is 

by using “boom mowers” or over-dimensioned brush cutters. These tools are specialized 

for clearing the side of roads from grass, brush even small to medium trees and stones 

several meters away from road shoulders. There are several versions of boom mowers that 

varies on dimensions and design depending on it specified duty however all these tools 

suffer from severe material fatigue. Boom mowers are manufactured with heavily 

strengthened materials, so they can operate in the most extreme conditions. The constant 

rotation, use of heavy chains-cables and the continuous impact on the cutters surface leads 

to rapid material fatigue increasing the risk of failure. It is needed to be considered that such 

pieces of equipment can lead to disastrous consequences once failure occurs, therefore most 

engineering companies put lot of effort on testing and evaluating all the aspects and 

functions of a boom mower before its been delivered to the market. 
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1.1. Company  
 

Boom mowers might receive different names and look different depending on the required 

function whether it is mowing grass from side roads, trimming small to medium brushes or 

shearing up to medium sized trees for clearing new forest areas. These needs will vary 

depending on type of the environment they will operate however the focus of this project 

falls for boom mowers that are most commonly used in northern Sweden or in areas with 

similar forestation. 

 

One of the companies that are specialized providing heavy duty boom mowers, and the one 

providing the information to proceed with this project operates under the name of Cranab. 

It is located at Vindeln, a small village close to Umeå in northern Sweden. 

 

Cranab was founded as a crane manufacturer back in 1963 by two brothers: Allan and Rune 

Jonsson. The Jonsson brothers had previous experience owing a service company that 

produced ditching buckets for ABS excavators between the years 1959-1961. They started 

to obtain valuable experience once they decided to introduce cranes for the forest industry. 

The first cranes were manufactured between 1959 and 1961. Such cranes started with very 

simple designs comprising a cylindrical pipe and a hydraulic tube with a wire at the far end 

for lifting timber. In 1961 the cranes were design in a manner that they were able to be 

folded and added a mechanical grapple substituting the previous wire (FASSI, 2014, p. 20). 

Over the following two years, the company gained its know-how and continued to grow 

until it became Cranab. 

 

Cranab was formerly founded in 1963 after an important turning event when Karl-Ragnar 

Åström, a famous Entrepreneur and founder of Ålö AB in Brännland, bought Rune 

Jonsson’s shares taking over the company. The newly formed company continued its 

expansion so in 1964 a new production facility (Cranab 1) was built in Vindeln’s outskirts. 

Between the periods 1960s and 1970s Cranab continued its expansion providing new and 

innovating crane solutions. The promising results lead to the construction of a newer facility 

on the other side across Vindeln (Cranab 2) in 1972 (FASSI, 2014, p. 21). The following 

years lead to many governance changes starting in 1974 when Cranab manufactured its very 

first own boom crane. The company was bought by a Belgian based crane company, 

Jonsered and it started the production of engine driven long cranes and grapples for wheel 

loader machines for the next 4 years. In 1978, Cranab AB is transferred to the multinational 

HIAB Foco to produce cranes and the innovation lead Cranab to the production of the first 

parallel boom crane and keep production for a period of 4 years (FASSI, 2014) (Cranab, 

u.d.). In 1982 will Cranab became Swedish owned once again when investors and 

entrepreneurs Nils Byström, Hans Eliasson and Karl-Ragnar Åström, all of them having 

previous connections with Cranab bought back the company. Between the periods 1982 and 

1988, Cranab continued its expansion with the launch of its combi-crane in 1983 and the 

investment company Skrinet became its minority owner in 1984 (Cranab, u.d.).  Rapid 

expansion made Cranab to publicly publish its shares 1988 with an initial price of 60 SEK 

per share reaching a top value of 130. Right after the company was acquired by Valmet 

logging with a close price of 110 SEK per share, thus becoming a member of Finnish Valmet 

Group (Cranab, u.d.). 

  

Under the period as a Valmet group member, Cranab suffered several changes that reshaped 

the company to suit the demands of a Finnish enterprise. Cranab was the sole crane 

manufacturer within the group in 1991. After three years in 1994, Valmet logging will then 

become a member of Sisu Corporation and rapidly the Corporation will be bought up by 
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Partek Corporation. Under that time Cranab started the production of three new cranes for 

the forestry machinery and obtained the environment certificate ISO 14001 (Cranab, u.d.). 

In 2002, the Partek Corporation will be bought by KONE leading to another period of 

profound changes that will bring the Jonsson family to take back the helm of the company 

(FASSI, 2014, p. 21). This happened right after the Japanese multinational Komatsu 

purchased the shares of Valmet Logging. The following year, 2004, the founder’s nephew 

Fredrik Jonsson and a local business leader in the forestry sector Hans Eliasson purchased 

back the company (FASSI, 2014) (Cranab, u.d.). 

 

Cranab when back to its roots entirely as a Swedish owned company and a new period of 

expansion started with the merge of Slagkraft in 2007 and Vimek in 2008 obtaining both 

trademarks for their products (Cranab, u.d.). Slagkraft was its own independent company 

manufacturing brush-cutters and boom mowers. Cranab obtained the products and expertise 

in the manufacturing of boom mowers that are sold under its very same name. 

 

Today, Cranab is owned by Italian multinational Fassi when it purchased 100% of its shares 

in 2017 (FASSI, 2014) (Cranab, u.d.).  

 

1.2. Purpose and Aim of the work 
 

Cranab’s recent incorporation to the multinational Fassi has pushed the company to increase 

efforts in innovating and expanding its own line of crane products. There is a major 

expansion plan that will put Cranab under the spotlight as a crane specialist worldwide. But, 

this new change of route in Cranab’s expansion is slowly affecting other segments such as 

its own production of boom mowers under the name Slagkraft. 

 

Slagkraft boom mowers are highly competitive products with a robust design that has been 

performing excellently for the last 30 years. Cranab’s know-how and a long expertise 

providing equipment for machinery in the forestry industry made Cranab’s Slagkraft gain a 

deserved reputation. But, fast-grown expansion and constant increase on high quality crane 

products for the forest and construction industry has put the research for boom mowers on 

second priority.  

 

Today Cranab’s Slagkraft boom mowers follow a more traditional manufacturing process 

that involves welding for the most major part. Welding as a manufacturing process is rather 

simplistic and relatively cheap since it does not require expensive machinery and it’s a 

relative easy to learn process. This makes welding a very flexible and reliable process for 

most small and medium manufacturing industries. But, welding leads to some quality 

inconsistencies and it can generate higher long-term manufacturing costs in major scale 

productions. Welded components’ quality might not be consistent since they depend on the 

welding operator’s skills and individual know-how. Also, high dimensioned and high 

engineered components might require more advanced welding techniques increasing its 

production time and adding extra manufacturing costs. At some point, the components are 

required to be optimized to start break-even costs or the production needs to be improved 

to keep a market’s competitive advantage. 

 

There are several ways to handle this issue however this project will focus on how to 

optimize Cranab’s Slagkraft boom mowers for minimizing both welding time and cut 

manufacturing costs at the reinforcement level. 
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1.3. Problematization 
 

Cranab’s Slagkraft boom mowers had been engineered and optimized several times for 

satisfying customer needs and demands. Some changes and optimizations where performed 

on the go relying on previous experiences and Cranab’s know-how expertise. But, Cranab’s 

main question wonders if some of these optimizations far exceed customer demands on 

behalf of a more proper manufacturing friendly approach. Recent optimizations on Cranab’s 

Slagkraft boom mowers where focused on durability where several reinforcements were 

added under the main body for minimizing the risk of fracture across weld beads. These 

recent optimizations had been proved to be reliable and contribute to outperform its 

mechanical properties. But, these add a toll affecting mostly the welding process where 

longer and more complicated welding steps are required. 

 

This project will put to test these reinforcements and evaluate if their function does 

outperform boom mower’s mechanical properties and if these far exceeds specifications. 

This project will in conjunction with Cranab team study an alternative solution that will 

make Cranab’s Slagkraft boom mowers more market competitive. For this project, the 

researcher has chosen the Cranab’s boom mower model SH-150 for its similar standard 

features to other boom mowers in the same product catalogue and because it is one of the 

most demanded models. 

  

1.4. Project’s research problem 
 

This research problem can be summarized and stated as follows: 

Do these reinforcements provide an optimized solution for improving boom mowers 

specifications and minimize risk of failure?  

 

Several solutions might arise surrounding this question depending on both theoretical and 

practical testes. A course of action will be considered depending on the results and direction 

of the project during the final analysis stages. 

 

 

 

Figure 1 Cranab's Slagkraft boom mower serie SH model 150-80 



 

5 

  

 

 

 

There is no previous study or research that might give any highlight or provide any 

trustworthy indication to a feasible result. This leads the researcher of this project to 

consider all the possible answers and built all appropriate countermeasures. 

 

1.5.  Course of action 
 

The researcher of this project identifies three major possible outcomes depending from both 

theoretical and practical testes. Each course of action differs in content and eventually will 

reach its own independent analysis and conclusion however these share the same 

methodological approach and theoretical background. 

 

1.5.1. The Reinforcements were optimized 

 

The results from all possible analysis might reveal that the construction and dimension of 

all the tested reinforcement are at optimal level so there might not be needed to conduct any 

adjustment. This will indicate that the know-how and Cranab’s expertise lead to develop 

with the most appropriate solution without a need of a study or analysis. 

 

In this case, the project will gather and register all this data and analysis for building a 

theoretical model that can be passed on and used on further research. 

 

1.5.2. The Reinforcements were not needed 

 

The previous optimization suggested on the go a pack of reinforcements that were added to 

the main boom mower construction without thorough analysis. This measure was taken to 

not hinder with mowers production and provide a feasible solution to minimize a risk for 

crack failure  

 

There are suggestions that lead to believe that these reinforcements were deliberately over-

dimensioned to minimize or completely avoid any risk of failure. Also, this have put 

technicians to deliberately add reinforcements with the believe that they provide any sort of 

stress relief on the boom mower’s structure while on operation. Without any previous study 

Reinforcements 

Vegetation 

intake 

debris 

Figure 2 Cranab's Slagkraft serie SH model 150-80 function and reinforcements location 
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it is hard to ensure the performance of these reinforcements on each of their placements, so 

it is right to make conjectures that some reinforcement might not provide any sort or low-

stress relief.  

 

In case that this project identifies any or some reinforcements do not actually provide any 

real solution or fail to fulfill their purpose, these will lead to suggest being taken from the 

boom mower’s assembly. The researcher will provide enough empirical evidence via data 

results and thorough analysis to support this claim.   

 

1.5.3. The Reinforcements were not optimized 

 

As specified in point 1.5.2, these reinforcements might not present the most optimal design 

to fulfill their purpose. At the events previously mentioned, Cranab technicians were forced 

to come up with a quick solution for fixing boom mower’s crack failure. Yet, while it is 

right to consider that these reinforcements might have been over dimensioned, it is unlikely 

to consider that they do not fulfill any purpose. The most likely case will indicate that these 

reinforcements fulfill their purpose but not in the most efficient manner. This circumstance 

will lead to point out that there are some inconsistencies with the reinforcements design. 

 

This course of action will lead the researcher to analyze the reinforcement’s design, 

identifies it flaws and provide a design suggestion that both benefits the boom mower’s 

specifications and production. 

 

1.6. Limitations and research gap 
 

The lack of previous research and/or studies in this field lead the researcher to take a more 

conservative and simplistic approach for identifying the main issue to the boom mowers 

reinforcements. This means that other theoretical approaches and methodology referred to 

other boom mowers unrelated to Slagkraft will be deliberately avoided for a better time 

management and use of resources. 

 

Despite that this project has as a main goal to obtain a specific solution for Cranab’s boom 

mowers, these results might have some implications to produce similar products within the 

same industry field. Note that this project contribution will benefit future research in both 

the academic field and for the manufacturing of high engineered products with similar 

capabilities. 
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2. Methodology  
 

The methodological approach is divided in several steps comprising both a theoretical 

approach and a practical analysis. The theoretical approach becomes the first step for 

identifying any interesting point for analysis. Any unfold point of interest will be study 

thoroughly on a real boom mower to gather real practical data and contrast it with theoretical 

findings to corroborate the reinforcements function and/or purpose. This last step will put 

the researcher to take any course of action previously discussed in chapter 1.5 

 

Due to time constraints and limited access to analytical resources it puts the researcher to 

niche the study into a unique direction. A vibrations analysis will be considered as the most 

effective approach to tackle the research problem and for identifying possible design flaws 

in the boom mower’s assembly. 

 

2.1. Finite element modal analysis 
 

This research project will start with a preliminary Finite element method (FEM) analysis to 

evaluate the mechanical properties of the boom mower. The chosen method will include a 

vibration modal analysis to reveal the location of the model’s “eigenfrequencies”1. 

Identifying where these frequencies unfold will allow to determine whether the boom 

mower might suffer from a risk of failure at a critical point within a given frequency 

bandwidth. This approximation helps the research to determine the frequency range where 

the boom mower can safely operate which it also helps to define the angular speed safe 

range. These ranges also delimit the functional range where the boom mower can operate 

in real conditions depending on engine specifications and recommendations provided by 

Cranab constructors towards their customers. 

 

This first step tests the boom mower in a virtual environment with given conditions such as 

physical constraints that will study the boom mower’s resonance response in barely 

unconstrained environment. This constraint will be located on the bolted area where the 

hydraulic boom-crane gets connected leaving the rest of boom mower free suspended for 

emulating an almost real case scenario. 

 

2.1.1. Model Optimization and meshing 

 

Cranab’s Slagkraft boom mower is a large piece of equipment with several components that 

are weld and bolted. Each piece component has its own specific function on the whole 

system and the interconnection between them influence the boom mower’s overall 

mechanical properties. But, adding all these components into a FEM environment, their 

interconnections and complicated geometry becomes a computational burden. In a FEM 

analysis environment, the emulations from a real model are interpreted into an “idealized” 

mathematical model with a certain degree of precision. Idealized models are a more 

simplified interpretation from real models that eases the computational burden and avoids 

accumulation of errors (Zienkiewicz & Taylor, 2000). The idealization surrounds the idea 

of simplifying the geometrical aspect of real model. For instance, thin structures such as 

large plates are mostly interpreted as “shells” that only considers the geometry’s mid-

surface (Zienkewicz & Taylor, 2000, pp. 217-239). Other components might not reveal any 

relevant information to the project or their implication might be minimal therefore they can 

                                                 
1 Eigenfrequencies refer to a mass particle’s natural frequency or natural response to an excitation in a 

dynamic system (Géradin & J.Rixen, 2015). More information about these and their contribution to the 

vibration analysis is further explained in the theory chapter. 
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be excluded from the FEM study for a better computational optimization. For this project, 

the model will simply all the plates into shells and all the added geometries will be excluded 

leaving the reinforcements and their relations to the main boom mowers plates as seen in 

Figure 3 and in Figure 4. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Components such as the rotor axis, chains, chain connectors, embezzlements such as the 

chain-shields and the rubber mat are excluded from analysis due to its non-optimal geometry 

and because they might not provide a direct cause for dampening vibrations. The rotor 

engine that connects the axis to the main body has been simplified for minimizing the 

computational burden. For this research, the model will be constraint on the upper face of 

the rotor engine therefore the rotor is substituted with a new modelled part that shares the 

same height. 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 Idealized meshed model in Inventor environment 

Figure 3 Idealized model with shell simplification 
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2.1.2. Modal analys FEM software: Inventor 2018 

 

The chosen software for conducting the modal analysis will be the internal FEM application 

found in Autodesk Inventor 2018. This decision is made due to convenience for the 

researcher and to overcome the time constraints that delimit this project. Other convenient 

aspects are the technical information and mechanical properties of the materials for each 

component included in the boom mower’s assembly. Plus, the mere fact of having access 

assembly and its component’s information leaves more room for the researcher to perform 

further analysis. 

 

Yet, the FEM application incorporated in Inventor might not reveal all the possible results 

or the tensile effect in a modal analysis. In this circumstance, the researcher might appeal 

to narrow the analysis using ANSYS as a more specialized FEM tool.  

 

Note that the decision of not using ANSYS at first hand comes from its student license 

limitation that only allows to perform FEM analysis to system with only 300 geometrical 

faces. A complex system such as Cranab’s boom mower falls out this limit leaving the 

researcher to consider Inventor 2018 as the most appropriate tool for conducting such 

analysis. The decision considers the fact that performing the modal analysis with most of 

the components will provide results that are closer to a real scenario. 

 

2.1.3. Structural analysis FEM software: ANSYS 

 

The license limitations given by ANSYS does not allow to proceed with a complete analysis 

to the boom mower and all its components because the software it limited to 300 geometrical 

faces (ANSYS managed to account over 1400). It is necessary to niche and optimize the 

model even further for being able to proceed with the analysis. This dramatic optimization 

has the benefit to simplify the research and minimize the amounted deviation given by the 

agglomerated components.   

 

2.2. Physical properties and material data 
 

The harmonic response to a harmonic vibrating system depends mostly on the component 

structure and the overall properties of their materials. For this research, 4 reinforcements in 

two distinctive geometries (see Figure 5) are studied but both are constructed with the same 

base material.   

 

 

 

 

Figure 5 Rear reinforcement (Above) front reinforcement (below) 
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Table 1. Mechanical properties for hihgh yield strength alloy steel S600MC 

 

Both front and rear reinforcements are laser cut from a high strengthened construction alloy 

steel plate S600MC of 5 mm with mechanical properties displayed in Table 1. S600MC 

plate thickness follow SS standards EN 10149-2 that stands for hot-rolled flat products of 

high yield strength thermomechanical rolled steels for cold forming (Swedish Standards 

Institution, 1995).  Such materials follow a hardening process that allows them to hold large 

amount of structural stress. 

 

On the other hand, the boom mower’s body is constructed with high yield strength material 

HARDOX 450 that follows the SS standards EN 10029 for hot rolled steel plates 3 mm 

thick or above (Swedish Standards Institute, 2010). HARDOX 450 is a high yield 

strengthened alloy steel able to support high levels of structural tensile stress as seen in 

Table 2.  

 

Table 2. Mechanical properties for high yield strength alloy steel HARDOX 450 
 

 

Part of the decision to construct these reinforcements on these specific materials comes from 

both a convenience and strive for exceling boom mower’s construction quality. It might be 

the case that the election of these materials far exceeds the boom mower’s mechanical 

properties. 

 

So, the research has a secondary goal to address whether the choice of material might had 

been optimal or if they might contribute to slightly improve running cost to the production 

Property Value 

Density 7,860 ∗ 10−6 𝑘𝑔/𝑚𝑚3 

Young modulus 210 000 MPa 

Tensile strength 600 MPa 

Ultimate t.strength 700 MPa 

Poisson 0,30 

Shear Modulus 10 MPa 

Property Value 

Density 7,860 ∗ 10−6 𝑘𝑔/𝑚𝑚3 

Young modulus 210 000 MPa 

Tensile strength 1200 MPa 

Ultimate t.strength 1400 MPa 

Poisson 0,30 

Shear Modulus 10 MPa 
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of boom mowers. This material information will be necessary later on to provide the 

theoretical model to simulate the amount of internal stress that goes through the material.  

 

Yet, for assessing the amount of theoretical stress required, it is necessary to consider the 

length from the top-end chain in relation to the rotor axis center, the diameter of the rotor 

axis and the weight of all these components. This information it is necessary to achieve the 

aforementioned amount of tensile stress and the reasons will be further explained in the 

theoretical chapter. The information for both the rotor Axis and chain can be seen in the 

Table 3 below. 

 

Table 3. Material properties and dimensions for rotor components 

 

2.3.  Obtaining basis for Structural Analysis 

 
The next step of the analysis in the research include a lab analysis where data will be 

obtained from a real boom mower’s construction. This data will contain the vibration 

resonance from the entire construction where real values for eigenfrequencies will be 

recorded. From these results a value for eigenfrequency will be chosen for calculating a 

closer to real value for internal tensile strength as a result from the vibrating resonance. This 

tensile strength value will be applied separately to the reinforcements to assess their 

efficiency on either dampening or for serving as tensile stress support in the entire 

construction. 

 

Using closer to real value will provide more realistic figures for the tensile strength that will 

be easy to unveil the reinforcement’s performance and unveil their degree of optimization. 

Not using theoretical results from the modal analysis does not become a contradiction since 

the main purpose of the modal analysis is to obtain visual evidence whether the use of these 

reinforcements might provide meaningful contribution to the boom mower’s construction 

or not.  

 

Data for the eigenfrequencies will be recorded using a vibration scanner named Easy 

Balancer from VMI AB that is installed in the montage department for quality control and 

run test the performance of the boom mowers before delivery. The main task of this 

vibration scanner is to help operators to balance out the chain deviation of the boom mower 

Name Value Description 

Rotor-axis Diameter 504 𝑚𝑚 Outer diameter of the 

rotor axis that connects 

both chains 

Rotor-axis weight 35,38 𝑘𝑔 Total weight of the rotor 

basis that suffers 

rotation 

Rotor-axis density 7,860 ∗ 10−6 𝑘𝑔/𝑚𝑚3 Rotor axis material 

density 

Chain length 706 𝑚𝑚 Length from the axis 

center to the chains top 

end 

Chain’s weight 2𝑥 3,363 𝑘𝑔 Total weight for both 

attached chains 

Chain sectional area 353,429 mm2 Chain sectional area 

Boom mower Body weight 242,813 kg Boom mower body 

weight 
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while on operation however it includes a frequency analysis application that can record the 

value for eigenfrequencies. The scanner has two probes that can be freely connected to any 

part of the boom mower. For safety reasons, these probes will be located on the outer side 

of the boom mower for avoiding any risk for damaging the probes or any collaterals to 

Cranab’s operators. The montage department can run test the boom mower at two 

predefined speeds: 1000 rpm and 1350 rpm. For the sake of obtaining data, the values of 

eigenfrequencies will be obtained from both speeds.  

 

2.4.  Structural analysis conditions and boundaries 
 

The results for eigenfrequencies obtained from the montage department will be used in this 

research for establishing the closer structural stress condition the boom mower suffers at the 

highest degree of deformation. Once these conditions are determined, the reinforcements 

will be dimensioned for performing a structural analysis.  

  

The structural analysis is performed in an ANSYS environment for both groups of boom 

mower’s reinforcements. Yet, license limitations set by the student version of ANSYS does 

not allow analysis of complex geometries that far exceeds 300 geometrical as previously 

stated. For this reason and for simplifying the analysis, both group of reinforcements will 

be dimensioned on idealized conditions. Since both group of reinforcement present almost 

symmetrical geometries, the research will test one reinforcement geometry for each group 

and using the material properties presented in Table 1 and Table 2. 

 

Both reinforcement geometries will be dimensioned and meshed following similar 

parameters. Since the main goal of this analysis is to visualize how the reinforcement behave 

once applied local stresses, the meshing technique will be performed at coarse level. 

Meshing properties will be configured at an 8-node tetrahedral solid mesh.  

 

The first reinforcement’s model will include a solid fixture on the upper plate representing 

the closest connection to the boom mower’s crane connection. Displacement limitations will 

be placed to the other plane symmetrically for delimiting material continuity. The bottom 

plane is left for applying the resultant stress from harmonic vibration as seen below in 

Figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Displacement direction 

Applied Stress 

Model Fixture 

Legend 

Figure 6 Meshing properties and model dimensional limitations for front reinforcement geometry 
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A section of the first reinforcement remains free from geometrical boundaries since that 

section remains free suspended and free reacts from the applied stress. 

 

The second reinforcement geometry follows similar geometrical boundaries considering 

their location in the assembly as seen below in Figure 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The meshed model geometry for the rear reinforcement present two location for the applied 

stress according to its geometrical location in the boom mower.  

 

More information about the applied stress and its calculation will be further explained in 

the theory chapter.  

  

 

Displacement direction 

Applied Stress 

Model Fixture 

Legend 

Figure 7 Meshing properties and model dimensional limitations for front reinforcement geometry 
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3. Theory 
 

This chapter includes all the bases to support this project’s initial premises and methodology 

approach boarding the research problem. Note that this chapter does not consider all the 

possible solutions to board this problem and it will only emphasize on highlighting the 

reasons behind the choice of this methodological approach considering all the circumstances 

stated in the previous chapter. 

  

The methodology in this research is based under the assumption that a boom mower can be 

modelled as a spring dynamic system that better represents an iterating resonance from an 

oscillating mass particle, in this case the oscillating chain.  

 

3.1. Theoretical stress model 
 

The complexity of the boom mower’s geometrical structure makes the task difficult for 

obtaining a theoretical model to provide trustworthy data.  At this point, the boom mower’s 

geometrical model needs to be simplified for providing a more holistically view once it 

reaches its eigenfrequency value. Considering its geometrical characteristics, the major 

range of deflection will occur between the welded connected plates and their behavior 

should resemble the resonance of a tuning fork as seen in Figure 8.   

 

At this point the stress analysis approach will resemble a beam cantilever analysis using 

parameters found in (Björk, 2016, pp. 29-31) and a methodology applied in (Xiu, et al., 

2018, pp. 379-382) and (Inman, 2008, pp. 43-51) that simplifies a system into a beam 

cantilever alike. This simplification leads to reinterpret the association for angular speed 

between stiffness and body mass. Both the methodological approach on relation to the 

theory referred in this research will be further explained in the next subchapter 

 

The values for tensile strength might not be equally distributed since the boom mower does 

not present equally geometrical proportions. In this sense, the results obtained from 

theoretical simulations will help this research to verify where the max deflected region is 

located. Consequently, the tensile strength as a result from the dampening force exiting the 

area will be simplified and idealized using a common calculation for tensile stress and 

applied in a virtual environment for simulation. 

 

 

Figure 8 Geometrical idealization of boom mower's SH 150-80 resonating structure. 
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3.2. Vibration Theory 
 

Modal analysis is the most common approach for analyzing discrepancies in dynamic 

systems in the frequency domain. These discrepancies can be understood as material 

responses to an arbitrary excitation (Géradin & J.Rixen, 2015, pp. 149-196).  This approach 

considers material variables such as mass, structure, mechanical specifications and 

geometry that helps identify foremost the degree of resonance. Resonance can be 

understood as the phenomenon when a mass particle in a damped/undamped system suffers 

a displacement at a certain frequency level. These high fluctuations for a particle in different 

frequency domains are known as “eigenfrequencies” (Géradin & J.Rixen, 2015). Dynamic 

systems are time-dependent particle functions that reveals variation in an enclosed space 

meaning that they reveal a continuous iterating result over time.  

 

Considering that eigenfrequencies depicts particle’s max degree of displacement, it also 

denotes a relatively large raise of energy (Géradin & J.Rixen, 2015, pp. 67-70), (Gasimov 

& Allahverdiyeva, 2018). This relationship can lead to assume that reaching the domain of 

eigenfrequencies will push a material to suffer a higher risk of deformation due to a raise of 

the internal energy. This is because an eigenfrequency depicts harmonics with higher 

amplitude values indicating higher rate of deformation. The most simplified understanding 

for an eigenfrequency can be demonstrated by considering a single degree of freedom 

spring-mass-system as shown in Figure 9. 

 

 

In a simple harmonic system this deformation follows a pattern that is time dependent and 

indirectly related to the restoring force that is given by the Hooke’s law function 𝐹 =  −𝑘𝑥 

where K represents the stiffness value of the system. Simplified, the simple harmonic 

motion of mass suffering a constant elastic restoring force can be understood in the 

following formula (1) 

 

𝑦(𝑡) =  𝐴 ∗ sin(𝑤𝑡 +  𝜃) = 𝐴𝑝 ∗ sin (√
𝐾

𝑚
∗ 𝑡 + 𝜃)    (1) 

 

 

Figure 9 Simplified interpretation of natural frequency for a mass connected to a spring. 
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Where A represents the highest from the equilibrium a mass particle can traveled in the 

spring-mass system. This position is conditioned by the angular speed w at certain times t. 

The angular speed w can also be interpreted as the relationship between the material stiffness 

K and the body mass m. Variable 𝜃 stands for relative phase position on the harmonic wave. 

 

A mass particle will complete a cycle each time it reaches its starting position on a given 

period T (Inman, 2008, p. 8). How often this incidence occurs in a second s is known as 

frequency f. In this sense, the frequency has a direct resemblance to the term speed and this 

relationship is clear in the formula (2) 

 

𝜔 =  √
𝐾

𝑚
=

2𝜋

𝑇
     𝑎𝑛𝑑    𝑓 =

1

𝑇
=

𝜔

2𝜋
   → 𝜔 = 2𝜋𝑓 → 𝑓 =

1

2𝜋
∗ √

𝐾

𝑚
          (2) 

 

In this sense, eigenfrequencies can represent a risk factor to take into consideration when 

applied to large and more complex dynamic systems such as engines, rotors, turbines etc. 

Most of these dynamic systems can operate within a large frequency bandwidth that it 

intensifies the need of frequency dampening for minimizing the eigenfrequency effect. 

 

The boom mower system can be understood as a spring mass system where its stiffness 

depends on the mechanical properties of the mower’s material and its geometry. Once the 

boom mower is exposed to a constant centrifugal force, this will oscillate from a constrained 

point as seen in Figure 10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yet, a boom mower system represents a complicated structure which geometries and 

materials have unique mechanical properties with interconnections that influence on each 

other’s vibration response. Each interconnected component will present a dampening 

behavior depending on its geometric boundaries and material characteristics that builds its 

own degree of stiffness. This makes each interconnection its own independent spring mass 

system within a larger system englobing a much larger resulting mass. This larger mass 

spring system will then have its own harmonic oscillation that will depend from an 

equivalent stiffness value that is the sum of all partial stiffnesses influencing the system 

(Inman, 2008, pp. 47-48) 

 

Hence the natural frequency of this larger spring mass system can be interpreted below in 

the formula (3) and  illustrated in Figure 10. 

 

𝜔𝑛 =  √
𝐾

𝑚
=  √

𝑘1+𝑘2+𝑘3+𝑘4

𝑚
     (3) 

 

Figure 10 A spring mass system can be considered as the total sum of partial spring stiffness 
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The basis of this analysis is to elaborate enough evidence to discuss whether the 

reinforcement have any effect on dampening the amount of vibrations going through the 

boom mower or their influence is rather irrelevant from a mechanical construction 

standpoint.   

 

A boom mower system rotating at constant speed assumes a negligible damping resulting 

the eigenfrequency can be described by formula (1). Yet, the vibrations occurring on the 

boom mower’s structure depends on the constant rotation of the engine and the cable-chain 

attached to it. The system can then be considered as a forced vibrating system that generates 

a constant harmonic response (Géradin & J.Rixen, 2015, pp. 179-184) ( (Björk, 2016, pp. 

23-24). The equation of motion of a forced vibrating system obeys the formula (3): 

 

𝑚ÿ + 𝑘ÿ + 𝑐𝑦 = 𝐹 ∗ sin(𝑤𝑡 +  ∅)      (3) 

 

Where F is the applied amplitude of the harmonically applied force. 

    

Formula (3) is the general equation for forced system where the forced harmonic response 

is described by formula (4). 

 

𝐴 =
𝐹

√(𝑐−𝑚∗𝜔2)2+𝐾2∗𝜔2
            (4) 

    

The relationship provided by the formula (4) will allow to assess the amplitude of the 

harmonic response to a tensile stress on the boom mower being hold in the boom mower’s 

structure. Finally, this relationship will help determine whether the boom mower reaches or 

surpasses the critical tensile strength value that may lead to structural failure. For welded 

structures the damping ratio ranges between 2% to 5% (Papageorgiou & Gantes, 2008, p. 

1485). Considering that the damping ratio is calculated by formula (5). 

 

𝜍 =
𝑐

𝑐𝑐𝑟
      (5) 

 

The boom mower’s damping coefficient will be obtained from the relation between the 

damping ratio and the critical damping coefficient, ccr at critical angular speed. 

 

3.2.1. Boom Mower Applied Frequency and Tensile strength 

 

Cranab’s sales team has provided the normal operating speed once mounted on its proper 

engine provides a speed between 1 500 -1 600 rpm depending on engine choice. This leaves 

to consider as 1 500 rpm as the most realistic speed considering variables such as engine 

efficiency, rotor wear, friction resistance and debris resistance due to collision. Following 

the formula (2) mentioned earlier the frequency for the boom mower will be: 

 

1500 
𝑟𝑒𝑣

𝑚𝑖𝑛
∗

2𝜋

𝑟𝑒𝑣
∗

𝑚𝑖𝑛

60 𝑠𝑒𝑘
= 50𝜋

𝑟𝑎𝑑

𝑠
      −→ 𝑓 =

𝑤

2𝜋
=

50𝜋

2𝜋
= 25 𝐻𝑧 

 

For balancing issues, two chains are mounted on the boom mower doubling the frequency 

of the chain mass system that passes a specific point as interpreted in Figure 11. 
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The frequency range thus becomes: 

𝑓𝑟 = 2 ∗ 𝑓 = 2 ∗ 25 𝐻𝑧 = 50 𝐻𝑧 

 

This interpretation will lead to assume that any resonance around 50 Hz will increase the 

degree of deformation in the boom mower. At the same time and following the principles 

of mechanical deformation, any physical displacement in the geometrical structure leads to 

strain ε. Strain deformation, according to (Lundh, 2016), produces a certain level of stress 

on a material with given elastic properties, given by formula (4): 

 

 𝜎(𝑥) = 𝐸 ∗ 𝜀    𝑤ℎ𝑖𝑐ℎ     𝜎(𝑥) =
𝐹

𝐴
   (6) 

 

The variable function 𝜎(𝑥) represents the stress function for displacement x, E is the 

material’s Young modulus and 𝜀 is the strain deformation of the material. 

 

Once the boom mower reaches certain speed that interconnect with the eigenfrequency of 

the system, large oscillations will result in to large deformation leading the structure to 

suffer certain levels of stress associated to the degree of strain deformation (Géradin & 

J.Rixen, 2015, pp. 57-148), (Björk, 2016, pp. 23-24). Despite the chain keeps a constant 

frequency of 50 Hz, the system itself it is considered slightly damped since it has one degree 

of freedom constraint. So, for this research, the amplitude will be dependent on formula (4) 

thus, the amount of force deflecting the plates is dependent by both the dampening 

coefficient and boom mower’s degree of stiffness at the specific registered eigenfrequency 

value. 

 

The amplitude value will depend on the dampening ratio conditions that is given by the 

spring mass system that it can be obtained once identified the system’s eigenfrequencies. 

Resonance at eigenfrequency value determines higher amplitude that is directly connected 

to higher values of deflected deformation. At this frequency point, the angular speed is 

known as critical angular speed (Björk, 2016, pp. 23-24), (Géradin & J.Rixen, 2015, pp. 57-

148) and (Inman, 2008). At this point the value for damping coefficient equals the boom 

mower’s stiffness value leading to the assumption in formula (7): 

Figure 11 Boom mower chain rotation from rotor axis 
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𝑤𝑘𝑟 =  √
𝐾

𝑚
   →  𝑐𝑐𝑟 = 2 ∗ √𝑚 ∗ 𝐾     (7) 

 

The implementation of both formulas (4) and (7) will allow the research project to identify 

the theoretical resonance amplitude at critical value speed which it eventually leads to 

determine the critical deformation stress in the boom mower’s structure.  

 

3.2.2. Vibration analysis theoretical support 

 

For this reason and considering the research boundaries in this research, it is more suitable 

to realize a vibration modal analysis for determining if there is any design flaw that will put 

the boom mower at critical levels within a specific frequency bandwidth. A most common 

approach is an experimental modal analysis that shows the excitation response depending 

on the material/model geometry. This experimental modal analysis puts the model in a set 

of different frequency levels and it records the response at a sufficient number of points in 

the geometry (Géradin & J.Rixen, 2015, pp. 196-198). Yet, and further remarked in 

(Géradin & J.Rixen, 2015, p. 199), better eigenfrequencies results will be obtained by 

simulating this experimental modal analysis on a constraint model with one degree of 

freedom. Further described, unconstrained model tends to avoid or minimize the finite 

stiffness effect that can be subjected to an applied force or tensile because of minimized 

degrees of freedom. This stiffness dependent effect is known in finite method analysis as 

“locking” effect (Géradin & J.Rixen, 2015, p. 392), (Pontaza & Reddy, 2006) and 

(Hernández & Otárola, 2011). This effect is a result of constant interpolation of the shear 

deformation slope with an increased effect on near to zero plate thickness. This means that 

the stiffness will be lesser in less constrained models. Since the boom-mower does not obey 

a free-free condition system, the choice taken is to reduce the constraint rate to one-two 

degrees.  

 

This leads to choose the section where both crane and boom mower connect as the most 

optimal section for constraining the model to avoid the locking effect. This configuration 

will also help to provide max values for the strain deformation that will eventually help to 

study how much tensile stress is being hold 
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4. Results 

This result is unfold keeping track and following the same procedure as stated in the 

methodology chapter. The first section emphasizes on revealing the FEM findings provided 

by the modal analysis and later the chapter reveal the results from data recorded while the 

boom mower is operating at the two testing speeds. 

 

4.1. Modal Analysis SH 150-80 
 

The modal analysis is conducted in two stages where the first one provides the value of 

eigenfrequencies for the boom mower without suffering any structural modification. The 

second stage gives a visual result whether the reinforcements have any influence on 

dampening the amount of vibrations in the boom mower or not. 

 

All the values for eigenfrequencies will be presented below (see Table 4) and only does that 

are within a range 0-50 Hz that corresponds the normal operating speed for the boom mower 

 

Table 4 Recorded values for eigenfrequencies on a simulated test in Inventor 2018 

 

Eigenfrequencies 

Hz 

SH 150-80  SH 150-80 

front reinf. 

only 

Sh 150 -80 

back reinf. 

only 

SH 150-80 no 

reinf. 

Eigenfrequency 35,20 35,08 31,73 30,97 

1st overtone 44,83 40,95 40,12 38,82 

2nd overtone 45,28 42,32 41,29 39,53 

3rd overtone 48,68 54,43 47,53 44,12 

4th overtone  67,83 65,13 58,86 48,66 
 

The first analysis uses all the relevant components that might have a relevancy on 

dampening the amount of vibrations in the boom mower’s main structure. The result for 

eigenfrequency (see Figure 12) reveal higher deformation on the far end of the main 

structure due to its asymmetrical proportion 

 

1st and 2nd overtones reveal similar figures which their deformation is stable on the far 

ends from the rotor engine axis connection.  

Figure 12 Mapped displacement (mm) result from eigenfrequency resonance on the boom mower 
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In Figure 12 the degree of deformation affects mostly the outer section of the side plates for 

a frequency of 44,83 Hz. Conversely, this same degree deformation is almost identical on 

the 2nd overtone (see Figure 13) Indicating a presumption that the reinforcements have some 

sort of dampening effect. Yet, the 2nd overtone does happen shortly after the first overtone 

indicating a tightly resonance dependence between all the assembly components. 

 

 

On the other hand, a modal analysis is procured to the boom mower without the 

reinforcement situated in the back end of the boom mower. As mentioned earlier this test is 

meant to verify whether the resonance dampening might have a closer relation to either the 

geometric properties of the reinforcement or it is related to the material properties. The test 

results as recorded in Table 4 reveal an important change in the distribution of 

eigenfrequencies within the boom mower structure. Contrarily this effect does not seem to 

have any effect in the displacement distribution, as seen in Figure 14, as well as the total 

displacement seems to hold constant values. 

 

 

Figure 13 Mapped 1st overtone for vibration resonance on the boom mower SH 150-80 

Figure 14 Mapped 2nd ovetone for vibration resonance on the boom mower SH 150-80 
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On the other hand, both the distribution for eigenfrequencies as well as the displacement 

distribution within the boom mower suffers a major change after retrieval of the front 

reinforcements. This result becomes clear in Figure 15 where the displacement distribution 

seems to affect a larger area. In this circumstance the harmonic resonance seems to affect 

the front part of the boom mower as well as seen in Figure 16 below. 

 

 Another test reveal that retrieving all the reinforcement, the boom mower changes 

completely the harmonic response and displacement distribution as seen in Figure 17. 

 

 

 

 

 

 

 

 

 

Figure 16 Mapped resonance of naturtal frequency for boom mower SH 150-80 without front reinforcements. 

Figure 15 Mapped resonance of naturtal frequency for boom mower SH 150-80 without backt reinforcements 
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The results revealed similar figures from retrieving the front reinforcements that indicates 

the latter present some influence on dampening the amount of resonance  

 

 

4.2. Grounds for structural Analysis 

 
As previously discussed, the structural analysis depends on the degree of deformation and 

eigenfrequency values obtained from the modal analysis. The previous results obtained 

from the Inventor simulation does give enough information to discuss the reinforcements 

implications in the boom mower’s construction however the idealized model might not 

reveal figures that are like a real case scenario.  This involves the real eigenfrequency value 

while the boom mower is operating and what might be the resulting damping force and 

consequent generated tensile strength contributes to the boom mower’s deformation. 

 

The real value for eigenfrequencies are obtained from a Vibscanner probes strategically 

located around the boom mower and closer to the reinforcements location as seen in Figure 

18.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18 Map of the vibscanner probes position. 

Figure 17 Mapped resonance of naturtal frequency for boom mower SH 150-80 without all the reinforcements. 
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The results from the vibration scanner for all of the aforementioned positions can be seen 

in the appendix. A first glance to the results reveal some sort of discrepancies in the results 

depending on where the probes are located. The value for eigenfrequency at both operating 

speeds seems to be around 13-22 Hz however the frequency choice for calculating the 

damping force and consequent tensile strength will be at 13 Hz. 

 

At such frequency levels the boom mower’s degree of stiffness depends on the boom 

mower’s body mass as revealed in formula (2). 

 

13 ∗ 2 ∗ 𝜋 =  √
𝐾

242,813 
      →           𝐾 = (26𝜋)2 ∗ 242,813 = 1,62 ∗ 106 𝑁/𝑚  

 

Consequently, the critical dampening coefficient at eigenfrequeucy values is calculated 

using formula (7). This result helps to obtain the boom mower dampening coefficient from 

the dampening ratio relation in formula (5). 

 

𝑐𝑐𝑟 = 2 ∗ √242,813 ∗ 1,62 ∗ 106  = 39666,6 𝑁/𝑚  
 

From the dampening ratio relationship at 2% corresponding welded structures as previously 

discussed in the chapter 3.Theory gives the following result: 

 

0,02 =
𝑐

39666,6
    →         𝑐 = 793,332 𝑁/𝑚 

 

The value for dampening force depends on how much the boom mower’s structure deflects 

as seen in formula (4). For this particular case, the value of the range of deflection or 

harmonic amplitude will be the one obtained from the modal analysis. This assumption 

consider the possibility that the boom mower might reach such deformation values during 

resonance therefore the dampening force should be calculated on critical condition to assess 

the performance level from the reinforcements. 

 

0.1294 =
𝐹

√(793.332 − 242.813 ∗ (26𝜋)2)2 + (1.62 ∗ 106)2 ∗ (26𝜋)2
 

 

𝐹 = 209630 𝑁 = 209.63 𝐾𝑁  
 

From the modal analysis results obtained in chapter 4.1, the max deformation is always 

located on the right rear-end section of the boom mower. Considering that the dampening 

force exits the extreme of the body armor plate. That particular section has an area of 

7804,748 mm2 giving the following tensile strength value: 

 

𝜎 max =
209630

7804,748
= 26,8593 𝑀𝑃𝑎 

 

For the structural analysis, the tensile strength value will be considered as constant and 

equally distributed from throughout the boom mower’s plate structure. This condition 

should give a hypothetical critical condition where this amount of tensile stress keeps 

constant throughout the whole boom mower’s plate 
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4.3. Structural Analysis 
 

From the results obtained in previous chapter 4.1. and the calculated tensile strength in 

chapter 4.2, the reinforcements are tested in a structural analysis in ANSYS. The amount 

of tensile strength running through the plates is about 26,9 MPa.  

 

Considering that this tensile strength keeps constant, the von Mises stress distribution 

across the front reinforcements is registered in Figure 19. 

This result that the front reinforcement suffered from two local max values with stress range 

between 150 MPa to 300 MPa that is around a safety factor of 4 to 8 in relation to the 

material’s tensile strength. Applying the same conditions to the plates without the 

reinforcement give us a larger critical value as shown in Figure 20.  

Figure 20 Von Mises Stress distribution of the boom mower’s structure without front reinforcements 

Figure 19 Von Mises Stress distribution of the boom mower’s structure with front reinforcements 
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A first glance reveals that the connection between plates without the front reinforcement 

leaves stress concentrations between 500 MPa and 600 MPa that are closer to the tensile 

stress limit of boom mower’s body armor plates. This result provides an initial assumption 

that the front reinforcement has a noticeable effect on minimizing the amount stress 

concentrated due to boom mower’s resonance. 

 

Note that some max values recorded in both figures are located on the extreme of the 3D 

assembly and these values might reflect a locking effect generated from the actual mesh and 

corner effect due to geometrical redundancies. In this case, these values can be excluded 

since they are almost nonexistent on an assembly scale. 

 

On the other hand, a first impression from the results obtained for the rear reinforcements 

on the rear section of the boom mower seems to reveal a lower implication between the 

reinforcements and the boom mower’s body plates as seen in Figure 21. 

 

Excluding the results on the extreme of the 3D model due to geometrical discrepancies in 

the mesh, the max registered stress concentration seems to be around 900 MPa. This value 

is about a safety factor of 1.3-1.5.  

 

A similar analysis is performed on the rear reinforcement to assess their implications 

absorbing the sectional stress because of dampening resonance. These results seem to reveal 

a rather lack of implication between the reinforcement and the boom mower’s structure as 

seen in Figure 22. 

 

 

Figure 21 Von Mises Stress distribution of the boom mower’s structure with rear reinforcements 
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The results reveal that the stress concentrations are located outside the rear reinforcement 

keeping constant values around 910 MPa applying similar conditions as for the front 

reinforcement. In this sense, it can be said that the rear reinforcements do not seem to 

provide any relevant benefit on the boom mower’s structure based only from the results. 

 

4.3.1. Structural analysis on adjusted reinforcements 

 

The results obtained for both reinforcements gave two indications. First, the front 

reinforcements seems to have some implications for reducing the amount of stress 

concentration in the boom mower’s construction. This will indicate that there is room for 

improvement and the possibility to seek for an optimized design for production and montage 

keeping similar or better mechanical results. Second and last, the rear reinforcements do not 

seem to provide neither any relevant influence nor improvement in the boom mower’s 

construction. For this reason, there is empirical evidence to proceed with any design 

adjustment for the latter giving any suggestion into the discussion and analysis.  

 

For the front reinforcement, there are several design aspects that can be discussed or 

questioned in their influence on providing any mechanical benefit in the boom mower’s 

construction. 

 

 

 

 

 

 

 

 

 

Figure 22 Von Mises Stress distribution of the boom mower’s structure without rear reinforcements 
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As seen in Figure 23, a new adjusted design for the front reinforcements has simplified the 

design by excluding the material reduction holes. This adjustment seeks to simplify the 

design, so welding times can be dramatically reduced as well as it is optimized for 

minimizing the amount of stress concentrations near the boom mower’s plate connections. 

 

At first glance, this result seem to reveal that no big changes are perceived from the adjusted 

reinforcement. The bended section register similar max stress values so the material 

reduction do not seem to improve the mechanical properties of the boom mower. The lower 

section of the reinforcement shows constant values so that section can excluded as seen in 

Figure 24. 

 

Figure 23 First adjustment for the front reinfrocements following a FEM analysis within same stress conditions at 26.89 MPa 

Figure 24 Second adjustment for the front reinfrocements following a FEM analysis within same stress conditions at 26.89 MPa 
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Excluding the lower section of the reinforcement leads to register double figures for stress 

concentration leading to a raise in the reinforcement fragility. In this sense, the original 

geometry covering three faces of the inner boom mower’s geometry present better results 

for preserving lower stress figures.  

 

A possible adjustment might reduce the contact area in the inner three faces in the boom 

mower’s construction that will lead to some weight reduction and less welding bead as seen 

in Figure 25.  

 

Reducing the contact area in the inner boom mower’s construction does not change the 

amount of stress concentration on the reinforcement however some stress figures seem to 

increase across the boom mower’s construction. 

 

This result indicate that the lower section of the reinforcement has some relevance 

minimizing stress concentration across the boom mowers so that geometry seems to have a 

purpose. On the other hand, the mid-section of the reinforcement does not seem to suffer 

any change after dramatically reducing the section area connected to the boom mower. 

 

 

  

 

 

  

Figure 25 Third adjustment for the front reinforcements following a FEM analysis within same stress conditions at 26.89 MPa 
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5. Discussion 
 

The FEM application that is incorporated in Autodesk Inventor has very limited functions 

and it does not provide enough data that will help to give a definite answer regarding the 

matter whether the reinforcements have any relevance for dampening vibrations in the boom 

mower’s structure or not. But, a further analysis gives better insights on how the geometry 

for each reinforcement provides a certain behavior for dampening not only vibrations but 

its reaction to constant tensile strength. 

 

5.1. Modal Analysis SH 150-80 
 

The results obtained from the modal analysis does not reveal a clear indication that will 

suggest the main purpose for adding these reinforcements in the boom mowers structure has 

a relevant effect on dampening vibrations. Adding and/or excluding these reinforcements 

from the boom mower’s assembly does not seem to generate any evidence to suggest their 

implication on changing the value of eigenfrequencies. Surprisingly, the eigenfrequency 

value reveal resonance at frequencies closer to the operating frequency of the boom mower. 

This coincidence might have been implicated on the decision for adding these 

reinforcements into to the assembly. Also, this may imply that the main cause of the boom 

mower deliberate cracking is due to constant exposure to such vibrations. This may suggest 

that running the boom mower at speeds that are far from reaching the eigenfrequency might 

have diminished the cause of failure.  

 

As for the reinforcements itself, the rear reinforcements provide some sort of dampening 

effect, but this might be only because of its constraints conditions towards other components 

in the assembly however this condition does not seem to give enough evidence to consider 

them playing a major role in adjusting the eigenfrequency value of the whole system. As 

seen in the results, after excluding the rear reinforcements, the system suffers from the same 

degree of deformation, in similar frequency value and around the same structural range.  

Figure 26 Outer welded reinforcements connecting the rear section of the boom mower 
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This assumption is palpable if Figure 12 and Figure 15 are compared and looking how 

evolves the max deformation (red zone area). At this point, assumptions can be made to 

comprehend what it might be the cause of the lower dampening effect of these 

reinforcements. In this case, the most likely cause might be related to other reinforcements 

that are welded on the outer side of the boom mower (see Figure 26). These reinforcements 

seem to connect both body armor plates and these constraint conditions might be already 

more influential on building the assembly degree of stiffness. But, it is suggested that before 

going forward to any assumptions in this matter, a thorough research on these outer 

reinforcements should be done in order to corroborate their implication with the rest of the 

assembly. This also gives the researcher to question whether these reinforcements should 

be an essential component to be considered in the boom mowers assembly. 

 

Contrarily, the front reinforcements seem to play a more relevant role affecting the influence 

for eigenfrequencies in the assembly.  Yet, their influence is not directly related to adjusting 

the value of eigenfrequencies giving similar results as excluding the rear reinforcements. 

Their influence is more onto limiting the degree of deformation specially in the front 

aperture of the boom mower thus the front reinforcement provides an added displacement 

constraint for deformation (see Figure 16). The first eigenfrequency drops notably so we 

can make assumptions that these reinforcements may also play an even more relevant role 

on stabilizing the assembly’s degree of stiffness.  

 

Overall these results seem to reflect that their involvement in the assembly is not directly 

related to dampening vibrations or adjusting the eigenfrequencies values, so these vibrations 

may appear far out from the operating frequency. This research also provided a simulation 

of the boom mower excluding all these reinforcement from the assembly as seen in Table 

4. The boom mower seems to present similar eigenfrequency values despite all the 

reinforcement are being excluded from the assembly and given the same constraint 

condition exclusively. As mentioned previously in the introductory chapter of this project, 

the reinforcements were a dramatic solution to overcome crack and fractures unfolding in 

the boom mower’s assembly. But, it is possible that their role is exclusively focused on 

holding the amount that goes through the boom mowers body structure while it is operating. 

In this sense, the research proceeded to evaluate whether these reinforcements have an 

optimal design for this task. 

 

5.2. Structural Analysis 
 

All the results present higher values of stress concentrations across the material which it 

may indicates some fragilities that are inherent from the boom mower’s geometrical 

structure. These results give enough evidence to indicate that there was a need for adding 

the reinforcements into the boom mower’s body structure. Considering a critical situation 

of 26,89 MPa running across the material building stress concentration around 700 MPa, 

these values has a marginal safety factor around 2. Yet, the structural analysis simulation 

performed in ANSYS reveal other stress figures exceeding these values however this stress 

figures obey a meshing redundancy due to an over-idealized model. These redundancies can 

be perceived on the extremes of the simulated 3D models in both Figure 21 and Figure 22. 

For this reason, the relevant figures for von Mises stress concentrations for discussing the 

reinforcements performance are the ones located around the reinforcement’s geometrical 

boundaries. 

 

From the results obtained for the front reinforcements indicate that they might have a direct 

implication for both dampening the amount of resonance in the boom mower’s structure 

and for absorbing the amount of stress concentrations in. As seen in Figure 20, excluding 
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the front reinforcements from the boom mower’s structure lead to increase the 

construction’s fragility. Applying a stress of 26,89 MPa generates internal stress 

concentration around 600 MPa while these values are reduced to values between 150-300 

MPa when these reinforcements are added into the construction. Considering the critical 

condition in the analysis and given enough validity to consider these stress figures to be 

existent in the construction, there was a plausible risk for the boom mower’s construction 

failing while on operation. In this sense, there was an actual need for installing 

reinforcement as an attempt for minimizing the total amount of stress. But, it needs to be 

reminded that these stress figures are a result from a critical case scenario where the stress 

is distributed equally throughout the boom mower’s body plates.  This condition might not 

be entirely prevalent in a real case scenario however the research lack access to more 

advanced analytical tools and material so there was a need for improvisation. Despite the 

results might not present the most accurate value for stress figures in a running boom 

mower, the stress relation whether these reinforcements are added or not should be an 

indicate to assess their implication within the assembly. 

 

From the stress analysis performed on the rear reinforcement, it can be perceived that their 

implication to the boom mower’s construction is rather inexistent or questionable as seen in 

Figure 22. The stress conditions applied are the same as the ones applied to the front 

reinforcement, so it should have been expected to see some changes in stress distribution 

surrounding the areas where the reinforcement are placed. These results are in accordance 

with the ones obtained in the modal analysis where not visible changes were perceived by 

excluding the reinforcement in the analysis. Yet, it is true that high stress concentrations are 

registered within the assembly and/or where the plates connect. This effect might be 

connected to geometric redundancies due to the boom mowers squared geometry or locking 

effect due to the meshing properties however the reinforcements do not seem to alter these 

stress values. In this case and based on both results it is not possible to assure whether the 

rear reinforcement might present other mechanical benefits in to the boom mower’s 

construction. 

 

5.2.1. Structural analysis front reinforcement. 

 

The results obtained from adjusting the front reinforcement for obtaining a more suitable 

geometry reveal that the initial geometry seems to have serve a purpose for having the stress 

concentration in check within the boom mower’s construction. But, the FEM results do not 

seem to find any evidence that indicates any benefit by considering the weight reduction 

holes in the reinforcement. As mentioned in the introduction of this research, one of the 

main concerns for adding these reinforcements are the operating costs from welding 

operations. The initial geometry carries long welding time that can be reduced by embracing 

a geometry presented in Figure 22. This suggested geometry in conjunction with a 

combined reduction of the middle section as shown in Figure 24 might reduce welding time 

and eventually reduce operating costs. This cost reduction can be increased if the rear 

reinforcement are excluded from the boom mower’s construction considering the results. 

Yet, these results only focuses two group of reinforcements which it leads room to consider 

that there are optimization possibilities on other small components in the boom mower 

construction. 
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From the FEM results, a plausible optimized geometry could be a geometry adjustment by 

combining certain geometrical aspects such as the ones marked in position (1), (2) and (3) 

as seen in Figure 27. Position (1) revealed to be an essential geometrical aspect for 

normalizing the amount of stress concentrations. This assumption comes after performing 

a FEM analysis with a reduced contact area such as presented in Figure 23 where larger 

stress concentrations seems to increase in the upper section. Position (2) questions the need 

for the weight reduction holes since similar mechanical results can be obtained without 

them. Similarly, position (3) reveal that there is no need for a large ear for minimizing the 

amount of stress concentration since similar figures can be obtained with a minimized area. 

 

Putting all these adjustments altogether might slightly reduce welding times however 

considering whether these might help reduced operating cost could be relative or rather 

questionable. Also, other point needs to be highlighted if there is a need for keeping the 

weight reduction holes for marginally reducing the total amount of weight of the assembly. 

For this reason, there are two possible optimizations for the front reinforcements as seen in 

Figure 28. 

1. 

2. 

Figure 27 Reinforcement geometries with positive results after optimization. 

3. 

Figure 28 Suggested optimizations for the front reinforcement 
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Both suggested geometries are adjusted for production considering that both are fabricated 

from laser-cut hot rolled steel S600MC in 5 mm thickness that later will be bend on 

hydraulic press brake turret. This will require as least a brake die with an overture of 40 mm 

at 85 degrees however this piece can be manufactured using brake dies with an overture of 

50 mm already available at Cranab’s production department. The distance of 64 mm should 

provide extra room for machine adjustments.   

 

5.2.2. Structural Analysis limitations 

 

The structural analysis performed in ANSYS on both reinforcement present several 

limitations due to the over idealized model. The decision for relying on a structural analysis 

on a certain section of the boom mower comes after realization that there was not enough 

tools for executing a large analysis to the entire boom mower. The software applications 

used in this research for performing the modal analysis did not provide enough information 

to evaluate the stress concentrations that might have been a clear indicator for assessing the 

degree of optimization in the boom mower’s construction. At one hand, the internal plug-in 

in Inventor for modal analysis seems to be limited to linear and radial deformation. On the 

other hand, ANSYS could not manage to perform a modal analysis due to the limitations in 

the student license that does limit analysis on meshed objects up to 300 faces considering 

that the boom mower has over 1400 geometrical faces. Due to these limitations, the research 

was needed to be scaled down to bring the analysis into an idealized context for providing 

some testing results. 

 

Despite the decision for bringing the analysis into a more niched and scaled down context, 

the results should be representative enough to question whether the reinforcements might 

have a direct and optimal implication dampening vibrations and/or for effectively sustaining 

stress concentration across the boom mower’s construction. These results are also indicative 

enough to provide enough information for further research on interested areas and suggest 

other analysis path for obtaining more holistic results. 
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6. Conclusion 
 

Both reinforcements seemed to have been added in the boom mower’s construction as an 

attempt for minimizing the risk for failure within the assembly. As discussed previously, 

there is no previous information that discusses these reinforcement mechanical properties 

and their implication towards the boom mower. This lack of previous information and the 

limitations in regard to the analytical tools and complementary software lead the analysis to 

consider two alternative analysis paths for discussing the reinforcements performance.  

 

Despite Inventor’s FEM plug-in does not reveal enough information in regards stress 

concentration, it gave enough information to understand the harmonic response of the boom 

mower at certain frequency levels. Yet, at a frequency of 50 Hz that corresponds the 

operating speed, the boom mower does not reach eigenfrequency values as revealed from 

the registered eigenfrequency tables from the appendix. At certain levels, this frequency 

might reach resonance levels if these go down between 13-22 Hz. At this frequency level, 

the boom mower experience higher levels of deformation. What it can be understood from 

the modal analysis is only one group of the reinforcements seem to actually provide some 

sort of dampening effect or contribute to the boom mower’s stiffness. Yet, for the other 

group of reinforcements there is no empirical evidence provided by this research that their 

addition reflects any sort of benefit. But, the research reflects that the boom mower’s 

geometry itself generates relative higher levels of stress concentrations that may contribute 

to the boom mower’s previous failures. As a result, these high stress values may play a role 

due to continuous fatigue. 

 

Based on the results, the front reinforcement can be scale down and its geometry slightly 

change for saving some time for welding operations however the economic value and 

possible opportunity cost for this change needs to be discussed further. The rear 

reinforcements reveal neither results nor benefits in this study so they can be excluded from 

the assembly construction without expecting any drastic change. 

 

The research approach chosen is an idealized model reflecting a critical situation that helps 

the researcher to question the reinforcement performance. This approach does not reflect 

the real happening since it does not provide the real values for stress concentrations in and 

it does not include all the intrinsic geometries for the structural analysis. In this sense, the 

research presents some limitation however the results can be conclusive to provide enough 

indications for any future research. 
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7. Future Research 
 

The results and research path chosen for this research project revealed certain boundaries 

and limitations that hinder the researcher to obtain relevant conclusive results. Most of these 

limitations include access to specialized software and analytical tool that would allow the 

researcher to obtain real figures or more representative ones.  

 

Future research will suggest using a more specialized software for performing modal 

analysis on the boom mower’s in its entirety. This resolution can consider obtaining a full 

license for ANSYS or any plug-in with similar specifications for either Inventor or 

Solidworks. Once lifted this matter to Mathias Lundström, product development manager, 

he suggested including the plugin AutoCAD Nastran which it should provide more 

complete information on a modal analysis. 

 

Other research suggestion will consider performing a fatigue analysis on the weldment 

beads for testing their strength contribution. A study in this field might reveal an opportunity 

for outperforming welding techniques that might provide an economic benefit. 

 

Time constraints did not provide a thorough material analysis which it might reveal other 

opportunities that might benefit both in the harmonic properties and mechanical properties. 

This suggestion might include assessing level performance with actual reinforcements 

depending on actual material thickness. 

 

Lastly, other suggestion might include a parallel study for identifying other possible boom 

mower’s body geometries that might be keener in assessing lower resonance figures and 

possibly, present a more solid structure. At the same time, this study might include or 

complement a cross study where it discusses possible economic gains that might suit 

Cranab’s actual manufacturing operations. 
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Appendix 

RMS Frequency Mapped for probes position 1 at low frequencies. 
 

Figure 29 Eigenfrequency results for high lab frequency with probes at position 1 
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RMS Frequency Mapped for probes position 1 at high frequencies.  

Figure 30 Eigenfrequency results for high lab frequency with probes at position 1 
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RMS Frequency Mapped for probes position 2 at low frequencies. 

Figure 31 Eigenfrequency results for low lab frequency with probes at position 2 
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RMS Frequency Mapped for probes position 2 at high frequencies. 

Figure 32 Eigenfrequency results for high lab frequency with probes at position 2 
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RMS Frequency Mapped for probes position 3 at low frequencies. 
 

Figure 33 Eigenfrequency results for low lab frequency with probes at position 3 
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RMS Frequency Mapped for probes position 3 at high frequencies. 

Figure 34 Eigenfrequency results for high lab frequency with probes at position 3 



 

45 

  

RMS Frequency Mapped for probes position 4 at low frequencies. 

Figure 35 Eigenfrequency results for low lab frequency with probes at position 4 
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RMS Frequency Mapped for probes position 4 at high frequencies. 

Figure 36 Eigenfrequency results for high  lab frequency with probes at position 4 


