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Abstract 

 

Two students from the school of engineering in Jönköping has during the spring semester of 
2018 performed a bachelor thesis. The thesis was performed in cooperation with Greenworks 
Tools in Jönköping. 

The purpose of this thesis is to establish an understanding of the technical aspects of a hedge 
trimmer and the product development process. During this thesis, the students will generate 
and evaluate different concepts for a new gearing system.  
The study investigates if it is possible to rotate the motor in one of Greenworks hedge 
trimmers 90±15°along the cutting direction, without deteriorating the hedge trimmer´s 
performance or ergonomical propperties.  

The main limitation for the thesis is that exclusively the motor gear and the connection to the 
gearbox can be changed.  

To answere the thesis problem different kinds of methods and tools were used. A few of the 
implemented methods  used during the thesis are product development process, QFD and 
Pugh’s matrix, to verify the concepts  Cad simulations and cxalculations were established. 

The result of the study shows that it is possible to rotate the motor without detoriating the 
hedge trimmers preformance with respect to the given information. The thesis study 
generates a basis for further development and for future products.  
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1 Introduction 
This bachelor thesis discusses a concept study of a new gearing system in a hedge trimmer in 
cooperation with Greenworks Tools, a subsidiary of Globe group. This segment is embedded 
in mechanical engineering with a focus on product development and industrial design. The 
aim of this thesis is to achieve a more slim design than the hedge trimmer currently has. The 
process involves a concept generation process, concept evaluation, concept simulation and 
selection processes.  
 

1.1 Background 
 
Globe Group is somewhat new on the market and was founded in 2002 in China. Even though 
the company is new, they already have established an international position on the market with 
customers all around the market. 

The company has subsidiary’s all around the world and controls the entire development and 
construction process. Since they manage the entire supply chain, they can guarantee the quality 
of their products. They continuously work with improvement of their products to compete with 
other companies within the same area. 

Greenworks tools is an exclusive brand of Globe Group, that develops and produces electrical 
power tools. The subsidiary´s research and development center (R&D) has recently moved to 
Jönköping (2017) and their primary focus is to develop more exclusive electrical tools. The R&D 
center continuously working on new projects but they also investigate if there are any new 
solutions on the market.  [1] 

An overall design problem that Greenworks, as well as most other tool manufacturers 
encounter, is the size and volume of the products. The products are desired to have high 
performance and to utter a robust design but at the same time be lightweight and well balanced. 
These properties also have an impact on the ergonomic aspects of the product, which is 
important to consider when designing a new product, especially for a product that is going to 
be used during long hours at the time.  

Greenworks has an idea to rotate the motor in one of their products to be able to meet the 
continuously changing customer needs and to create a slimmer design. The product in question 
is a hedge trimmer that currently exists on the market.  

A reconstruction of the gearbox system was needed when rotating the motor, without affecting 
the performance of the product.  

 

1.1.1 Description of the current design 
 
The current gearbox solution consists of a large helical gear that is driven by a helical pinion.  
The pinion is connected directly to the motor and rotates with the same angular velocity as the 
motor. The large gear rotates the gearbox, which 
makes the two blades move in a cutting motion.  

The current solution creates a reduction of 1:12,17 
which is needed to accomplish the wanted torque. 
The ratio is given from the two gears with a teeth 
numbering of 73 and 6.  

    
Figure 1 Original Concept [2] 
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1.2 Problem description 
 
The problem Greenworks encountered is that the current gearing system does not work when 
the motor is rotated 90±15°. A new gearing system needs to be developed to not deteriorate the 
performance of the hedge trimmer. 

 

1.2.1 The given task 
 
The primary task of the study is to determine if there is a possibility to redesign the gear system 
in a way that makes it compatible with a rotated motor, without affecting the performance of 
the hedge trimmer. The new gearing system shall also follow the technical demands stated by 
Greenworks, the specification for the study is presented in the appendix (app. 1). 

The secondary task of the study is to investigate how the ergonomics of the product will change 
as well as possible consequences that may occur. 

 

1.3 Purpose and problem 

The purpose of the study is to establish an understanding of the technical aspects of the product. 
Furthermore, establishing an understanding of the product development process. 
 

The questions that need to be answered is: 

[1] How can the motor and gearbox position change to accomplish a more slim design of 
the product, without deteriorating its technical specifications? 

[2] How will the center of mass be affected? 

[3] What consequences occur as a result from an ergonomic point of view? 

 

1.4 Limitations 

The limitations of this project are that there should be no design changes to the gearbox or the 
motor. It is only the head of the gearbox, the motor gear and the connection between these 
two that can be changed.  

In the thesis specification stated by Greenworks, there were two demands regarding sound 
level and lifespan. These will not be verified with specific values in this study.  This because 
there is no way to test theoretically calculate these demands without building a prototype, 
instead they will be evaluated through discussion.     

The concepts are restricted to follow the standards 60745-2-15 and UL 60745-1_2011 given by 
the company.  
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1.5 Disposition 

The report proceeds with a theoretical framework were relevant information is presented as 
well as an argument between different types of methods that can be applied to this study. The 
framework is then followed by a presentation of which methods that have been used through 
the study and how they were implemented.  Further into the report, the results of the concept 
development are presented and at the end of the result chapter, the final concept is presented.  
The results are later analyzed and discussed in the two upcoming chapters.  

Below is an illustration of the conceptual processes that have been used for this study. 

 

Figure 2 Structure of the concept study 
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2 Theoretical framework 

 
The theoretical framework is divided into four sections, Connections between problem and 
theory, theories for this study, published information and Material. 

The first section describes the connection between the problems and theory. The second section 
contains information about different methods that are relevant to this study. The third section 
presents relevant information of gears and ergonomics that is needed to conduct this study. 
The fourth section contains information about the current material used for the original 
system. 

 

2.1 Connection between problem and theory 
 

To give a theoretical foundation to the first question information of different kinds of gear and 
gearing systems was gathered. The information about the different types of gears is necessary 
when generating concepts solutions for the study. Relevant methods to further generate and 
evaluate the concepts were also conducted.  

To give a theoretical foundation to the second question, information and formulas were 
conducted. The theoretical foundation to this question is a presentation of formulas used to 
calculate the answer.  

To give a theoretical foundation to the third question information about ergonomics was 
conducted. The gathered information will later function as references to the discussion of the 
ergonomically effects on the final concept.  

 

2.2 Theories for this study  

2.2.1 Product development process 
 

The product development process can be used for different purposes, for example, 
reconstruction and improvement of current products but also when developing new products. 
[pp 115-125, 3] 

The product development process is divided into different phases which are: 

1. Pilot study is the first step in the product development process where you assess the 
problem without a theoretical basis, this creates the background material for the study. 

This step is essential to avoid future mistakes and reconstruction in the later stages 
since substantial resources is needed to change the project during the later stages. [p. 
115-116, 3] 

 

2. Product specification is the next step in this process. The primary task of this step 
is to create a specification. That specifies what is supposed to be accomplished as a 
result of this process. [p.  117-118, 3]  

 

3. Concept generation is the step where the ideas or concepts are formed. The concepts 
that are generated in this step is created to find a solution for the given problem within 
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the specified requirements for the product. These requirements can be reached or 
fulfilled in different ways, depending on the concept.[p. 119-120, 3]         

      

4. Concept evaluation is a crucial part of the concept development since this is where 
the decision of which concepts that is going to be further developed is made. An 
example of a method that is used to evaluate and choose concepts are Pugh’s method 
[pp. 120-122, 3] 

 

5. Configuration and Detail Construction is the phase where the concept is going to 
be developed into a functioning product.[pp. 122-124, 3] 

 

6. Prototypes is a step commonly in all product development process, especially virtual 
prototypes are used. A virtual prototype is another name for a model in cad. This is 
done before the primary product is built to be able to see the concept in different angles 
before the final manufacturing.[p. 124-125, 3] 

 

7. Manufacturing customization is the stage where the product is customized for 
manufacturing optimization.  [p. 125, 3] 

 

2.2.2 Gantt-scheme 

Gantt-scheme is a simple method for time planning in a project developed by Henry Gantt. It 
is shown by a standard coordinate system where the time is presented in the x-direction and 
the different tasks or stages are presented in the y-direction. This method is usually most used 
in the early stages of a project. With this method, it is easy to see when the primary task starts 
and when the project should end. 

A Gantt-scheme creates a fast overview of the project and makes it possible to anticipate any 
delays that can compromise the finish date. [p. 659, 3] 

 

2.2.3 QFD 

 
A QFD or “Quality Function Deployment” is a method that translates the markets and the user’s 
demands of the product into technical specifications.  

A QFD has four stages which are: 

1. The first stage is an analysis of the current market, where different goals are established 
based on the demands and expectations of the product.  

2. The second stage is a competitor’s analysis of how and to what grade the competitors 
meets the different demands and goals that are established. 

3. The third stage is the identification of your priorities when it comes to development 
and improvement.  

4. The last stage in a QFD is the translation between the customer demands and the 
different technical specifications. [pp. 296-301, 3] 

Usually, only step 1 and step 4 is applied in practice. 

To further evaluate the different relations between the demands, a weighted value is applied to 
the connections. The different relations is given a number between 0-9 where 0 means no 
connection and 9 means that there is a secure connection.  



Theoretical framework 

6 

A QFD matrix can be used throughout different stages of a project and not only when translating 
demands to specifications, for example, can QFD be used in: 

• Manufacturing processes where the matrix translates numerous construction 
parameters into processes for manufacturing and installation. 

• Production and planning where production processes gets divided into a 
description of procedures. [pp. 296-301, 3]  

 
 

2.2.4 Function analysis 

 
Function analysis is a method to analyze the functions of a product. The features are divided 
into primary, secondary, support and under functions. This method is used during the 
development process of new products. Function analysis is usually used as a base for the 
requirements specification. The function analysis is commonly done at the beginning of a 
project to get the necessary understanding of the product/system that is going to be developed. 
[4] 

 

2.2.5 Competitor analysis 

 
A competitor analysis helps identify what properties that is separating your product from the 
other and gives a further understanding of what makes your product unique compared to your 
competitor's products. 

This method is also a great way to identify who your biggest competitors are and how well 
established they are in the current market that you are researching? What are their strengths 
and weaknesses? What are positive and negative about their product? [5]   

 

2.2.6 Brainstorming 

 

Brainstorming is a method that is used to generate creative and innovative ideas or solutions 
for different problems. The brainstorming method is based on people trying to come up with 
as many ideas as possible over a limited period and at this stage of the process there is no such 
thing as bad ideas, the point is to be creative with the ideas and to look at the problem from 
every perspective. [6] 

There are two types of Brainstorming: 

1. Isolated brainstorming which is done by yourself without a group, this particular style 
of brainstorming often generates better ideas but lacks the number of ideas which 
group brainstorming generates.[6] 

2. Group brainstorming is opposite from isolated brainstorming. This version can get a 
broader range of ideas from many different perspectives since there are more people 
with different experiences in life and different competencies. [6] 
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2.2.7 Evaluation methods 

2.2.7.1 Pugh’s matrix 

Pugh’s matrix is a way to compare and filter different concepts. This method uses a scoring 
system where you rank the different concepts based on demands that are important for the 
product. When the score is compared between the various concepts, it becomes clear which 
concept is most optimal based on the current demands. 

There are typically six steps in Pugh’s matrix, these are: 

1. Stating the issue at hand in the project. 

2. The next step is to choose the concepts that will be compared in the matrix. 

3. The third step is to choose the demands that the comparison will be based upon. These 
can be established through a focus group or use a QFD to get a full set of requirements.  

4. The fourth step is to assign points to the requirements. 

5. In the fifth step it is time to evaluate the different concepts. The new concepts are 
judged as better, worse or neutral in respect to the original model. This is shown as (+), 
(-) or with a 0. 

6. The decision is the sixth and last step in Pugh’s method where the values of the 
requirements are computed, and from there one can see what concepts that get the best 
score. 

[7] 

  

2.2.7.2 Gut feel 

The “Gut feel” method is a strategy to choose between different alternatives based on past 
experiences and life background of the decision maker. [ p.218, 7] 
This is a handy method for a first filtration of the concepts that were generated by the 
brainstorming method.  

 

2.2.8 Programs used in this thesis 

 
In this thesis, different programs have been used to model our different concepts and simulate 
the forces that will be applied, as well as a gathering of material information.  

2.2.8.1  Solidworks 

Solidworks is a CAD program (Computer Aided Design) and is a program from Dassault 
Systèmes SolidWorks Corp and is used by engineers worldwide. This program can be used to 
create 3D models and simulate these models. [8] 

 

2.2.8.2 CES EduPack 2017 

CES EduPack is a software with a library collection of materials. This software contains 
information about the property of materials, their history, and manufacturing techniques. 
Through this program, different materials can be set up against each other and compare based 
on the chosen properties. [9] 
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2.2.9 Formulas 

 
Formulas that is going to be used to verify the concepts are: 

The gear transmission is given by the formula: 

𝑖 =  
𝑁2

𝑁1
=

𝜔1

𝜔2
=

𝜏2

𝜏1
    [p.316-317, 10] 

 

Connection between angular velocity and revolves per minute (rpm):  

𝜔 =
(2∗𝜋∗𝑛)

60
 [p.19, 11] 

 

A formula to calculate the effect if the angular velocity is expressed in rpm: 

𝑃 =
(𝑀∗𝑛)

9550
   [p.23, 11] 

 

A formula to express the location of center of gravity:  

𝑋𝑜 = ∑
∆𝐺∗𝑥 

𝐺
,   𝑌𝑜 = ∑

∆𝐺∗𝑦 

𝐺
,   𝑍𝑜 = ∑

∆𝐺∗𝑧 

𝐺
   [p.18, 11] 

 

2.3 Material 
 
The material that Greenworks currently uses for the gears in the hedge trimmer is 42CrMo, 
which is the Chinese name for AISI 4140. 

AISI 4140 is a ferrous Metal with Iron as a base material. Iron is one of the cheapest metals 
widely used today. The material has a fracture toughness between 68 -107 MPa and a Yield 
strength of 595-715 MPa.  The material also has Magnetic properties. The material is typically 
used in Connecting rods, Propeller shaft joints and Heavy duty shafts.  [12] 

 

2.4 Published information  

2.4.1 Gears 
 
To be able to design realizable and efficient gear trains with good manufacturability, it is 
necessary to understand the differences between the available gears that can be found on the 
market today. Many different types of gears can be used to achieve the desired result but to be 
able to choose the most suitable for each concept  a brief study of gears will be presented. 

 

2.4.1.1 Spur Gears 

The spur gear is the most common type of gear and it has straight teeth which are parallel to 
the wheel axis. This type of gear is both cheap to manufacture and to maintain. The simple 
design of the gear benefits not only the economic aspect but also the force distribution within 
the gear. The gear only imposes radial loads on the bearings and has no end thrust. [13] 
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The spur gear can be used at almost any speed but can make higher noises at 
higher speeds due to the straight teeth design. These sound levels get 
somewhat higher than on gears with angled teeth, for example, helical gears. 
[13]  

The efficiency of this type of gear can vary between 98- 99,5 % [14]. The 
typical range ratio in spurs are 1:1 to 6:1[15] 

 

2.4.1.2 Helical Gears 

Indifference to Spur gears the teeth of the helical gear is inclined to the axis in a design that 
creates the shape of a helix. The teeth design creates a smoother motion between the gears, thus 
they do not create the same noise as spur gears. This type of gear is considered as a high-speed 
gear, which means that they can operate in higher velocities. They can also take on higher loads 
then spur gears of the same size. [13] 

Since these gears have a higher wear resistance, they also have a wider lifespan. These gears can 
suffer from sliding friction that can result in transmission and power loss. [13] However, despite 
the occasional sliding friction, the efficiency of a helical gear is approximated 
to 98-99,5% [14]. The normal ratio range is 1:1 to 10:1. [15] 

However, helical gears creates both radial loads and thrust loads, so when in 
use it requires thrust bearings. Another important thing to remember when 
creating a functioning system of Helical gears it is important to connect gears 
with the same magnitude but with opposite directions. [13]  

 

2.4.1.3 Herringbone Gear 

This type of gear can be referred to as a double helical, due to the special teeth 
design.   
The Herringbone gear resembles two joined helical gears, placed next to each 
other. The two helical gears are of the same magnitude but of opposite’s 
directions, the thrusts are counter-balanced which means that there is no load on 
the bearings. [13] The efficiency for double helical gears is 98-99%, with a typical 
ratio range of 1:1 to 15:1[15].  

Since this gear type resembles two joined helical gears and the teeth design 
also is the same the noise level is estimated be similar to the Helical gear.  

 

2.4.1.4 Bevel Gear 

Bevel gears is an arrangement of two intersecting and coplanar shafts that are connected 
through gears. This type of gear connection can be applied to shafts at any angles but the most 
common is when the shafts are perpendicular. [13] 
The typical range ratio of bevel gears is 1:1 to 4:1.[15]  

• Straight Bevel Gear 

Indifference to previously described gears these have conical blanks and tapered teeth.  The 
straight teeth is tampered in both thickness and height. [13] The efficiency for straight bevel 
gear is 98-99 % [11]. 

Figure 3 Spur gear [13] 

Figure 4 Helical gear [13] 

Figure 5 Herringbone gear [13] 
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• Spiral Bevel Gear  

Spiral bevel gears are identical to the helical gear regarding the teeth design 
but differ when it comes to the inclination of the blanks [p. 308, 10]. Since the 
teeth are angled and rotates with a smooth contact, the noise level for this type 
of connection is lowered in comparison to the straight bevel gear. The 
efficiency for spiral bevel gear is 98-99 % [14]. 

• Miter Gear  

Miter gears is a variation of a bevel gear where the two connected gears has the same numbering 
of teeth. That means that the ratio always is 1:1, that means that the gear connection neither 
can increase nor decrease the speed.  
 
The teeth design of a miter gear can vary between straight cut, spiral cut or zerol type. [16] 

• Zerol Bevel Gear 

The zerol bevel gears have curved teeth, they are arranged so that the effective spiral angle is 
zero [13]. That means that all the teeth start from the center of the gear. 

Due to the curved teeth, the zerol bevel gear are quicker in action than straight bevel gears [17], 
the efficiency for zerol gears is typically 98-99% [14].  

• Hypoid Bevel Gear 

Hypoid bevel gears are like spiral bevel gears but with another positioning of the pinion and 
different shaped blank [17].  Pinion is the name of the smaller gear in a pair two, which means 
it has a smaller number of teeth [p. 241, 18].   
Because of the fact that the pinions axis is offset from the axis of the large gear, the blanks 
requires a different shape to create a connection. The results are hyperboloids blanks rather 
than conical [17]. The efficiency of a typical hypoid gear is 92-96%. [19]  

 

2.4.1.5 Worm Gear and Worm Wheel 

A worm connection consists of a worm and a worm wheel. The worm 
resembles a helical gear but with a minor difference, the shape, it 
resembles a screw. The wheel however, has concave teeth [p. 310, 10]. 
When connecting a worm gear and a worm shaft, the axis is non 
intersecting and almost always perpendicular.  Usual application for this 
type of connection is when a high reduction is desired, typically with a 
reduction from 10:1 to 100:1.[p.242, 18] Since the gear construction of a 
worm is similar to the helical gear, an assumption of similar sound levels 
was made.  
 

One significant difference between helical gear and this type of connection is that the worm 
contact creates a line contact instead of point contact, which enables the connection to carry a 
higher load. [p. 310, 10]  
 
A negative aspect for this type of gear connection is that the sliding velocity is very high in 
comparison to other connection, which makes the material and lubrication selection more 
complicated. [pp 310, 10] Another aspect with this type of gear connection is that they have a 
moderate efficiency and are quite expensive to manufacture [20]. However, thanks to the 
simple design they have relatively easy maintenance and a high heat capability [20]. 

The typical gear efficiency for worm gears is at 30-90% [14].  

 

Figure 6 Spiral bevel gear [13] 

Figure 7 Worm and Worm wheel [13] 
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2.4.1.6 Rack and Pinion 

This type of gear system is applied if you want to convert the torque into 
a linear force. The system consists of a toothed rack and a pinion. The 
rack moves in a straight line and the pinion is the force that makes it 
move.  A rack system can be found in automobiles, to convert the torque 
of the steering wheel into a left-right motion for the tie rods.  It can also 
be found in a rack railway. [13] The system with a combined pinion and 
rack creates an efficiency of 98 - 99, 5% [14].   

 

2.4.1.7 Face Gear 

Face gears function is similar to a rack gear but in a circular motion. This type of gear systems 
is not very common within industrial applications. [13] There was no specific value presented 
for the efficiency of a connection like this, however due to the similarities to the rack and pinion 
connection, an assumption was made that the efficiency also were similar. 

 

2.4.1.8 Internal and External Gear 

Both of the two varieties of the teeth placements have an efficiency of 98-99.5% [14]. 

Internal gear is a gear with the teeth on the inner surface of a cylinder or cone. That means that 
if you have an internal gear system the pinion runs on the inside. [13] 

External gear is the opposite to Internal gear, that results in a design were the teeth are placed 
on the outer side of a cylinder or cone. [13] 

 

 

2.4.2 Design variables to consider when making a system sustainable 
 
There are many factors to consider when deciding on which teeth design that is most suitable 
for a particular case. This section of the framework is going to discuss the factor most essential 
for this study. 

2.4.2.1 Teeth design 

• Pressure angle 

The pressure angle is the angle between the operating pitch circle (see fig. 9) and the common 
tangent given by the two pitch diameters of the gear.  

When choosing gears that are going to be connected it is essential that they both have the same 
pressure angle, otherwise they cannot merge correctly. [p 248, 18] 

The standard pressure angel for gears are 20° and 25°. Higher pressure angles provides the 
teeth with a higher capacity, which means that the gears can have fewer teeth. [pp. 248-250, 
18] The angle also improves the noise level, that is why for example helical gears not have the 
same sound level as spur gears. [13]  

One side-effect that comes with an increased pressure angle is that the radial forces and shaft 
loading also increases [p. 251, 18]. 

 

 

 

Figure 8 Rack and Pinion [13] 
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• Backlash 

Something to consider when choosing two or more gears that will be connected is the backlash 
distance. The backlash distance occurs when two gears are mated together and their center 
distance is greater than the combined operating circular pitch and the thickness of the tooth 
[21]. If the backlash is too wide it results in increased vibration and noise, but when it is too 
small it can lead to tooth failure [22].   

The backlash distance between the gears teeth also provide the space for the lubricant film, the 
protecting film prevents the system to overheat [23].   

 

 

 

 

 

 

 

 

 

2.4.2.2 Gear wear  

Gear wear can be categorized in to two types, “Damage to tooth surface” and “Breakage of the 
gear tooth”. [25] 

The category “Damage to tooth surface” treats surface wear that occurs when a force repeatedly 
is applied on a tooth or when the applied force is larger than the material limit. [25] 

 

The other category treats different kind of breakage. The breakage can be divided into a few 
subcategories, the overload breakage, fatigue breakage, and tooth breakage. The tooth breakage 
is can occur at the tooth end when the teeth only is partially connected, this type of breakage 
can be found on bevel gears. [25]  

 

Below are a few gear wear presented: 

• Pitting 

Pitting is a kind of tooth surface damage and it is another word for corrosion in a local area, it 
can be caused by loss of friction in a gearing system. This failure can be prevented by having a 
good and right design of the gears that is customized for the specific purpose. Choosing the right 
material for the gears is also vital to avoid pitting. [26] 
 

• Adhesive wear 

Adhesive wear is when material from one gears tooth is transferring to another gears tooth due 
to tearing. It can occur when the gears have not been cleaned or have gotten an oil change in a 
long time. This is prevented by flushing the gear and adding new oil to the gear. [27] 

 

• Abrasion wear 

Abrasion wear is when big and sharp particles have displaced the material on a gear tooth, this 
can be seen as “scratches” in the gear. To avoid abrasion wear the sharp particles that cause this 
needs to be removed. [28] 

Figure 9 Backlash [24] 
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• Smear breakage  

Smear breakage means that the tooth profile has been deformed and marked.  It occurs when 
an intolerable heavy load is applied on the tooth. [25] 

 

 

2.4.3 Ergonomics 
 

Ergonomics is the teaching of how people and machines interact, it also includes the different 
factors that can affect the interaction [p 6, 29]. It is necessary to understand the phenomenon 
ergonomics to be able to design products that are safe to use for the human body in respect to 
work habits and work environment [30].  

Aspects that are important to take into consideration when discussing the proper limitations 
and dimensions of a new product are factors like age, gender and health of the contemplated 
end users. [30] 

It may be harmful for the body to work in certain positions and angles. Therefore it is crucial to 
avoid these work positions.[30]  The most desired position for the body to work in is a natural 
position. Thus the goal is to minimize all excessive strain on the body. The main risk factors for 
musculoskeletal injuries during work are external forces, wrong postures, repetition rate and 
fatigue [p. 50, 29]. These can be prevented by doing thorough analyses and redesigns of the 
product for the specified case [p. 56, 29]. Therefore when designing a product for a broader 
range of users, functions like clearance space, physical reaching range and adjustability are 
essential factors to consider. [30] 

Another essential part when discussion an ergonomic working place is the sound level. There is 
an EU law that states an 85 dB limit as a maximum permissible level [31]. When a product or a 
workplace contains a higher level of noise exposure, the company needs to inform about the 
risks and ability to prevent permanent damage or offer ear protection [p. 306, 29].  

To be able to evaluate the sound level it is essential to know the basics of noise calculation.   

 

2.4.3.1 Calculation of sound level  

This explanation of sound level addition is based on a simplification compiled by Canadian 
center for occupational Health and safety.   

The total sound level of two sound sources is calculated by a particular method, using a 
logarithmic table and basic mathematics.  

 

The first step is to determine the noise difference between the two sources (dB - dB). Then the 
difference result is compared to a logarithmic table to get a value. The value is then added to 
the higher of the two sound sources to reach the final result. [32]  
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3 Method and Implementation 
In this chapter, the used method and implementations will be presented.  

The chapter is divided into six section with a few subsections. The first section presents 
connections between the issues and the used method, it is then followed by the Literary study, 
Analysis, Concept study, Result analysis and Validity and Reliability. 

 

3.1 Connection between problem issues and method 

 
To answer the first question of the study, a concept study is performed. The concept study 
includes both concepts generating and different kind of evaluation analysis to create a solid 
base for the final concept of this study. 

To answer the second question of the study formulas presented in the theoretical framework 
are used to calculate the center of mass.  

To answer the third question of the study an ergonomic study is performed to be able to 
analyze how the position of the handles will change in the new concept, center of mass will 
also come into consideration to answer this question. 
 

 

3.2 Literary study  

 
To create a solid base for the project a summary of the given data from the company was 
established. The summary consisted of the thesis specification and a brief description of the 
original product. Based on the summary, it was determined what type of information that was 
needed to implement this study.   

When the information had been specified, the literary study was divided into three sections to 
make the process time efficient. 

 

3.2.1 Basic understanding 

  
Initial an overall knowledge about gear systems was needed to create an understanding of the 
original product, a brief study of gear types was therefore made.  The primary sources of the 
information were different web pages of companies that both manufactures and sells gears. 
There were also a few articles that were used to verify the information given by the companies.  

Further on an additional brief study regarding the gear construction was made to create an 
understanding of vital parameters used when designing gears and gear trains. The focus of the 
study was how to create a sustainable gear train and different kind of wear that affect the gears.     
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3.2.2 Thorough investigation of the original model 

        
Parallel to the theoretical study a physical examination of the product was made.  The analysis 
included the dismantling of the product and measurement of the different components. The 
primary focus of the dismantling was to get a further understanding of the product and how 
the various parts were connected, it was also to enable weight measurement of the 
components. 

The weight of the components was sampled so that calculations and evaluations of the change 
in the mass center can be done further into the project. 

 

3.2.3 Ergonomic study 
   
To be able to evaluate the ergonomic changes of the final product two studies were made. The 
first study was established to assess the change of position of the mass center. The second study 
consists of a discussion regarding the sound levels and the approximate lifespan of the concepts. 

Both of these two studies were executed on the final two concepts to evaluate them further and 
to verify that they followed the thesis specification. 

To execute the study regarding the center of mass, an Excel arc with calculations were made. 
How the calculations were made is described further in the report under a heading called 
“Calculations”. 

The other study regarding the sound level and lifespan is represented by a discussion and 
estimations of different factors in the chapter “Results”. The discussion and estimations were 
made by the authors of this paper and are based on presented theories from the theoretical 
framework. 

 

3.3 Analysis 

3.3.1 Gantt-Scheme 
   
A Gantt-scheme was created to establish a suitable structure for the study and makes sure that 
no crucial part was forgotten. This Gantt-scheme was based on discussions and estimations on 
how different long different parts of the study would take. It was presented as a timetable in 
Excel. (app. 2) 

 

3.3.2 QFD 
   
To perform our QFD a small study of the products, current functions were done to create an 
understanding what the customer demands are and what they want in our product. After which 
the relations were ranked based on the connection between the requirements and the technical 
specifications. 

The QFD was used to translate our customer demands into criteria for concept development. 
These criteria’s was later used in other evaluation methods such as Pugh’s matrix.  The QFD is 
a prime method to use when customer demands need to be translated into a technical 
specification that will be used in different staged throughout the study. (app. 3)  
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3.3.3 Function analysis 

   
A function analysis was conducted to get a better understanding of our product which is very 
important to make a concept study. 

To make this analysis the functions of the hedge trimmer were categorized to make an easy 
overview of in which category the primary focus of the study was placed.  By studying the 
overview, it was easier to see which functions that would be most relevant to this study. 
These functions were also discussed with our supervisor on Greenworks. (app 4) 

 

3.3.4 Competitor analysis 

   
A competitor analysis was conducted to create a further understanding of the market and the 
competition in this area. By using an analyzing matrix, a clear overview of the market was 
established.  

The different products that were examined is a selection of products on the market, not 
necessarily Greenworks direct competitors.  Example of data that was compared were, output, 
sound levels and length. (app. 5) 

 

3.4 Concept study 

3.4.1 Concept generating 
 
The first concepts were developed through Brainstorming. The idea process was executed 
parallel to the literary study to make sure all possible ideas were found and documented. At 
first, the ideas were scribbled down to a random paper (app. 6), to make sure the idea would 
not slip away.  The different approaches were mainly created from the knowledge that earlier 
had been presented under the theory of this study, other references that were used was the 
original gear systems design as well as early experiences.  
 
A decision was established during the early stage of the project regarding the focus areas of 
the concept study.  It was decided that the total concepts ratio should try to resemble the 
initial total ratio as much as possible due to the performance restriction in the specification 
(app. 1). It was also decided that the big gear would stay approximately the same size as in the 
original design to avoid problems with the restricted parts (app. 1). 
 
Later the paper with scribbled ideas was turned into a more refined sketch and a more 
detailed description of the concept, to create a presentable version of the concepts. The more 
detailed description was the beginning of a chart to enable comparison and evaluations in 
relations to the given thesis specification. 
 
To create a fair comparison between the concepts both Cad-models and verification 
calculations were needed.  

 

3.4.2 First draft of calculations and construction of the concepts 
 
To accurately compare the concepts to each other and to be able to evaluate them considering 
the specification, calculations and Cad models was needed. 
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The concepts needed to be constructed as cad-models before the evaluation because some of 
the values were to be collected from the part files.  Values that was fetched with the help of 
Solidworks are parameters like weight, diameter and length.  
 
The parameters could not be found online since most companies use customized gears to 
maximize the performance, this also applies to Greenworks. The parameters that can be found 
online are standard values although these are not often used. 

 

3.4.2.1 Cad models 

Cad models were created by using a software called Solidworks. This program was used due to 
prior experience of the program as well as the accessibility.  
Due to the limitations of the project, there was no focus on the teeth design. The only 
guideline was that they were supposed to be realistic and had to enable a force simulation of 
the gear. 
To create a realistic finish of the concepts the real motor and the fixed gearbox system was 
added. The fixed gearbox system refers to the part that could not be changed (app. 1). To get 
the desired parameters, the material was applied. The material used for this study is the same 
material as in the original concept to eliminate another variable. 

 

3.4.2.2 Calculations 

To verify the concepts and to make sure the right torque was applied in the simulations 
calculations was made for all the concepts. These calculations were initially made on paper and 
were later transferred to Excel, in the software all calculations were managed with the help of 
different formulas and adjustable variables. By using formulas that were made with variables it 
was easy to remake the calculations for all the other concepts. (app. 7 & 8) 

The calculations were made from given values from the company, in the form of single values 
and measurements from Solidworks. To be able to calculate the mass center, the values form 
the thorough investigation of the original model was used. This was done since not all materials 
in the hedge trimmer was specified. 

• Gear Transmission 

To calculate the gear transmission and to create realistic simulations, specific formulas were 
used. The equations that will be used in this study will be customized from the original 
equations that are described in the formula paragraph. These calculations were made on both 
the original model as well as the two final concepts. The calculations were made on the 
original concept to create a reference for the other to concepts.  
 
To calculate the gear ratio, this formula was used. 

𝑖 =
𝑛2

𝑛1

=
𝑑2

𝑑1

=
𝜔1

𝜔2

=
𝑇2

𝑇1

 

Where I is the gear ratio and N1 is the number of teeth of one gear and N2 is the number of 
teeth of the other gear, d is the diameter of the gear, w is angular velocity and t is torque for 
the respective gears. 

To calculate the angular velocity of the gears the given value of rpm (from motor) were used. 
 

𝑟𝑝𝑚 =
𝜔 ∗ 2 ∗ 𝜋

60
 

 

To decide the torque in the gears the formula above were used.  In the formula P stands for 
Power given in Watt. 

𝑇 =
9,5488 ∗ 𝑃

𝑟𝑝𝑚
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• Mass center 

In order to compute the center of mass a certain formula was used. 
The center of mass in X- direction is calculated by: 
 

𝑋0 =
(𝑚1 + 𝑋1) + (𝑚2 + 𝑋2)

𝑚1 + 𝑚2

 

 
The calculations in y and z-direction is excluded from this study since these are not relevant 
for our ergonomic study. 
 

3.4.2.3 Simulations 

The simulations were made to make sure the gear system would not break under pressure. All 
cad parts were tested using the simulation software in Solidworks. 

The simulations were made on each gear separately. To make the simulations realistic, a torque 
was applied to one tooth, and a fixed condition was placed in the inner cylinder. (app. 9)  

In some of the smaller gears, a controlled mesh had to be done so that the program could better 
analyze the gears and the applied torque. This also helped to give a more accurate simulation 
and thus enabled us to see if the gears would be able to take the forces. 

There are three significant areas of measurement, and these are stress-strain and displacement. 
The most important ones are stress and displacement to make sure that the gears won't break 
or be ruined over time due to significant displacement. If forces exceed the material limits and 
breaks, it becomes clear which part of the current component that needs reconstruction. The 
problem areas will be shown with different colours on the model. 

 

3.4.3 Concept evaluation 1 
 
In between the first and second stage of the concept study (before the cad construction), one 
concept was phased out due to too many connections in the system and excessive rotation on 
the motor. The concept was eliminated through the Gut Feeling method  together with opinions 
from our supervisor at Greenworks.  

 

3.4.4 Concept evaluation 2 
 
After the Cad modulation and further specification of the concepts, an evaluation matrix was 
established. To enable further inspection- and to simplify the comparison of the concepts the 
Pugh´s matrix was used.   

The decision of using the Pugh´s matrix instead of a go/no-go matrix were based on previously 
compiled data. For one the technical specification was already specified in the QFD and thesis 
specification. Thus Pugh’s matrix could be used since all the necessary information was known. 
The go/ no-go matrix would be a better choice with limited known information. 

The requirements of Pugh´s matrix was not taken directly from the thesis specification because 
all concepts already meet the given requirements. To be able to evaluate the concepts further 
and to narrow the number of concepts down, new aspects of the project needed to be evaluated.  

Therefore the requirements of the matrix are based on the results of a focus group ranking 
different aspects such as manufacturing, price, weight, risk, flexibility and attachment. The 
different aspects and properties that were ranked were decided through a focus group. The 
focus group included both authors of this study and the supervisor of the company.  
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3.4.4.1 The updated requirements 

 
• Manufacturing: This demand indicates if the current concept is possible to 

manufacture. 
 

• Risk assessment: The risk assessment means how high the risk is for, the system and 
its components, to break down.  
 

• Volume: The volume is measured by how much space the current concept takes up in 
the model compared with the original system. 
 

• Price:  The price is an assumption of how expensive a concept will be based on the size 
of the gear housing, and the number of connections in the concept. 
 

• Weight: The weight is a comparison to the original model and is supposed to be under 
the weight of the original model. 
 

• Attachment:  The attachment is an assumption of how difficult it would be to create 
a working housing for the gearing system. 
 

• Flexibility: The flexibility measurement is how easy it is to change the size of the gears 
and the gear shafts in each concept. 

 

3.4.5 Concept evaluation 3 
 

To evaluate the two final concepts a comparison matrix was used in combination with the 
calculation table. 

The calculations are based on the entire product, including some assumptions about the 
position of the gear system.  

To be able to estimate the total product length, mass center and product shape, a few 
estimations were made. The estimations are about how much space the other components of 
the hedge trimmer need.  

To evaluate the mass center of the different concepts, a decision was made to use the initial 
body mass and mass center. To be able to eliminate as many variables as possible and because 
the body design was not included in the study.  

 

3.5 Result analysis  
 

To evaluate the collected data from the result chapter, a comparison is made where it is shown 
which of the concepts fulfills the demands to the fullest extent. The different values that were 
produced from the calculations and cad modulations will be compared and analyzed when 
conclusions are going to be made.  

The result is going to be discussed in the analysis section of the thesis were different aspects 
and consequences are considered.  
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3.6 Validity and Reliability 
 

The theoretical framework that was presented earlier in the report is based on different types 
of literature such as articles, books and course literature, that can be associated to the subject 
and also a few commercial pages. 

Most of the information is taken from different articles do due to the lack of information 
published in books, overall it was hard to find detailed information published about gear and 
gear trains. Therefore a lot of different sources were used to write a logical and cohesive 
framework.  The articles were found using the two separated search engine one on the web 
called Google and one called Primo, that is a search engine provided by the library at 
Jönköpings University. 

To make sure that the articles and web pages were reliable a brief investigation of their origin 
and authors were made.  The information taken from the commercial web pages was compared 
to other pages to verify the reliability of the data. The articles were also analyzed to confirm the 
published data. By doing this, it is proved that the information is consistent and reliable. When 
doing this wrong and false information from specific web pages are filtered.   

The books and the course literature is believed to be impartial and reliable since they all have a 
scientific origin, and a few of them has even been used as course literature for courses at 
Jönköpings Tekniska Högskola. Example of books that have been used in this study are “Design 
Engineer's Handbook”, ”Computer Integrated Machine Design”, “Produktutvekling” and 
“Introduction to Ergonomics”. 

 

The implemented method for this study is considered to be valid for the presented issues 
because well-known processes have been applied to both the concept study and evaluation. 
During the concept study, brainstorming was used because the method has good validity when 
it comes to concept generation. 

The concepts were then evaluated with two different methods. First with the method gut feeling, 
which has low reliability, then the concepts were assessed with stricter methods which in this 
case was a Pugh’s matrix were the concept is compared to specific requirements. Due to the fact 
that two different ways were used and the later of them is both valid and reliable, our opinion 
is that the evaluation method is believed to be reliable. 

The final decision is based on a comparison matrix, but in the end it is a qualified assumption 
made by the supervisor and the authors that determine the outcome. To base a decision on 
personal preferences or assumptions is considered not to be reliable. However, the final 
decision of this study is mainly based on a comparison matrix which gives the final decision 
higher reliability. 

 

 

 



Results 

21 

4 Result 
The chapter describes the result of the study. The result is divided into five main sections. The 
five parts present the result from the different stages of the concept development process and 
a clarification of the final concept.  

The result is not going to be discussed during this chapter, it will be presented objectively. The 
result is later discussed and analyzed in the chapter “Analysis” and “Discussion”.  

 

4.1 First concepts  

4.1.1 Concept 1 
 
 The first concept is a solution with a helical face gear. This solution gives 
precisely the same gearing as the original model. The gear system consists 
of a helical pinion and a helical face gear. The angle of the motor is 90° 
and it is placed in a horizontal line about the gear train. The total gearing 
of the system is 12, 17.  
 

4.1.2 Concept 2 
 
The second concept has two connections instead of one.  
The first connection consists of two miter gears with a total gearing of 1. 
This connection consists of two slanted gears with an angle of 45° each. 
Together they create a total angle of 90°. The second connection is two 
helical gears that establish a ratio of 12,17.  That means that the full 
gearing of the system is 12, 17. 

 

4.1.3 Concept 3 

The third concept consists of six gears and creates an angle of the motor that exceeds 90°. It is 
tilted downward to be able to minimize the final height of the product.  

The gear train consists of three connections were the first one is between 
two spiral bevel gear with a gear ratio of 2, the second connection is also 
between two spiral bevel gear with the ratio 2, but the third connection 
is between two helical gears with a gear ratio of 3. The total gearing of 
the concept is 12.  

 

4.1.4 Concept 4 
 
The fourth concept is similar to concept two but with a spiral bevel gear 
connection instead of the miter gear connection. The gear system 

consists of four gears and the motor is tilted 90° against the back handle. 
The first connection consists of two spiral bevel gear with a ratio of 3. 
The second connection consists of two helical gears with a ratio of 4. The 
total gearing of this concept is 12. 

 

Figure 10 Concept 1 

Figure 11  Concept 2 

Figure 12 Concept 3 

Figure 13  Concept 4 



Results 

22 

4.1.5 Concept 5 
 
The fifth concept consists of four gears and a tilted motor with an angle 

of 90°. The motor is tilted towards the back handle and is placed 
slightly over the gearing system. 

The first connection is between two helical gears, one acting as a pinion 
directly from the motor and the other one drives the rest of the system. 
The first connection has a ratio of 4.  The second connection is between 
two large spiral bevel gears, they are big because of the need to reach 
the wanted ratio of 3, but also to fit the existing parts of the gearbox. 

 

4.2 Further development of concepts 
 
After the first filtration, the concepts were constructed in Solidworks and static analyses were 
made, to see if they could take the applied forces. This was done on all concepts except concept 
three since this concept was removed during evaluation 1. 

4.2.1 Concept 1 
 
The manufacturing of this concept is possible since there is only one connection which makes 
the manufacturing process relatively simple, there is also a low risk for the system to break 
down which is also thanks to the small number of connections. The volume in this model 
compared to the reference model will be a little bigger. On the other hand, the height difference 
will be approximately 30 mm shorter than the reference model but 80 mm longer. 

Since there are only one connection in this concept and there is no need for a gear housing the 
price for this concept will be lower than the rest of the concept. The weight will also be lower as 
a result of the small number of connections. One negative aspect is that this concept has a little 
scope regarding flexibility with the size of the gears since this is a customized design.  

 

Figure 15 Presentation of Concept 1 

Figure 14  Concept 5 



Results 

23 

4.2.2 Concept 2 

Concept 2 has good manufacturing possibilities since it has a very static gear design.  It has a 
higher risk of breaking down since they have more connections than the original gearing 
system. When it comes to the volume, this concept takes up more volume than the reference 
model. 

For this gear system a housing is needed for the gears and the connected shafts. It is possible 
to manufacture such housing and attach the gear system to the body of the trimmer, due to 
the straightforward design. In the housing, there are two bearings at the end of each gear 
shaft. The shafts are then attached to the two miter gears (see fig 2). 

The weight will also be affected by the higher number of gear connections since these will add 
more weight to the system some weight will also be added from the gear housing. In this 
particular concept, the miter gears act as a deadweight that adds weight to the system since the 
gear ratio of the connection is 1:1.  

All this extra weight and the additional connections compared to the reference model will result 
in a higher manufacturing cost, on the other hand, the different gears in this model is very 
standard which gives the opportunity to be flexible with the size of the gears.  

 

 

 

 

 

 

 

Figure 17 Housing for Concept 2 

Figure 16  Presentation of Concept  2 
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4.2.3 Concept 4 

This concept is much like concept two, instead of the miters gears, two bevel gears are used. 
By choosing to go with bevel gears instead of the miter gear the “extra” connection gets 
another purpose than to just angle the gear train. The bevel gears provides an opportunity to 
change the gearing which makes the system more flexible than the original.  

However, multiple gears give the system a higher risk of failure because of the several added 
variables. In this case, it also results in higher volume and manufacture cost.  

Similar to concept two, this concept will need a gear housing to prevent the gears from 
displacement. Due to the similarities in both the system designs it has been estimated that they 
can use the same housing design.  The suggested housing for this system consists of the house, 
three bearings and a shaft to fix the position of the system. A draft of the gear housing is 
presented below.  

 

 

 

 

 

 

 

 

 

 

Figure 18 Presentation of Concept  4 

Figure 19 Housing for Concept 4 



Results 

25 

4.2.4 Concept 5 
 
This concept is possible to manufacture, due to the connections and the dimensions of the gears. 
Although a larger gear housing is needed to make sure all parts stay put, which results in need 
of a bigger space. The space required for this construction is more prominent than what was 
needed in the original concept but the height of the entire system will be lower. The volume of 
this concept is mainly affected by the additional large gear and the gear house.  

By adding a gear housing to the system both the volume and weight is affected and below is a 
draft of how the gear house is changing the concept. As seen in the draft, the need for additional 
parts and weight is unavoidable because of the extra bearings and mounting shafts. By adding 
more components, in this case unique designed elements, the price of the final product will 
increase as well as an increased manufacturing cost and a more time-consuming assembling of 
the system.  

For this study, the number of gears is closely related to the risk of failure, and since there are 
four gears and two connections in this concept, it makes this concept more likely to fail than the 
original. There is one advantage with more gears. Multiple gears allow a greater variety of 
gearing.  

 

 

 

 

 

 

 

Figure 20 Presentation of Concept  5 

Figure 21 Housing for Concept 5 
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4.3 Pugh´s matrix (Concept evaluation 2) 
 
To evaluate the different concepts, Pugh's matrix was used with different customer demands. 
From this selection method, two concepts was chosen to move forward with. 

First the concepts were evaluated in an matrix with only +,- and 0 to examine the concepts from 
an objective perspective.  

 
 
Concept 2 was declined further progress since the miter gear is just adding extra weight to the 
system without contributing to anything new compared to concept 4. 

Then the concepts were evaluated with the same criteria’s but here a value was added to each 
criteria. This was made to see if the outcome would change with weighted criteria.   

 

Table 1 Pugh´s matrix 

Table 2 Weighted Pugh´s matrix 
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4.4 Further development 
 
After evaluation of Pugh’s matrix, two concepts was chosen to move forward with. These two 
concepts were concept 1 and concept 4.  
 

4.4.1 Comparison Table 
 
All calculations were inserted into an excel document that can be found in the appendix 
(app.10), underneath this paragraph an outdraft from the table is presented. 

  
The table shows the two concepts in comparison to the original design.  

Table 3 Outdraft from result table 
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4.4.2 Mass center 
 

To visualize the figures below, the space estimations are shown by the empty ranges between 
the components.   

These three pictures are a visualization of were the center of mass is located of the product and 
the graphs are visualizations of the different calculations.  

 

 

Original: 

  

 

Concept 1: 

 

Concept 4:   

 

 

 

Figure 22 Mass center of the original concept 

Figure 23 Mass center of Concept 1 

Figure 24 Mass center of Concept 4 
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4.4.3 Concept sketches to be able to discuss ergonomic consequences 

 
The figures below are visualizations of how the housing can be designed, as well as an estimation 
for the position of the printed circuit board (PCB).  

 

Concept 1 

 

 

Concept 4 

 

 

Figure 25 Sketches of Concept 1 

Figure 26 Sketches of Concept 2 
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4.4.4 The sound and lifespan estimation 
 
Concept 1: 

The lifespan and sound level are estimated to be similar to the original since the concept 
consists of 2 gears similar to the original system. 

The helically shaped teeth create a smooth load transition between the gears since there are 
more than one teeth that drive the load transmission between the gears. The force will 
therefore not produce the same sound levels and wear as in a spur gear (one-tooth 
transmission).   

The gear ratio between the two gears is 12,17 which makes the difference in teeth numbering is 
significant. The small gears rotate with an angular velocity of approximately 2985 rad/s  and to 
it has to rotate 12,17 revolutions to rotate the big gear on revolution.   The many revolutions of 
the small gear increase the possibility of external surface wear, which also results in a decreased 
lifespan.  However, even though this concept could entitle a reduced lifespan, there is nothing 
that says it will break before the 600h limitation/goal (app. 1) without testing. 

    

Concept 4: 

This concept differs from both the original concept and concept 1 regarding both the sound 
level and lifespan. This because the concept consists of two different connections.  

The first connection between the two spiral bevel gears is a connection which has been shifted 
90°. The two gears both have spiral shaped teeth and inclined blanks which makes them 
similar to helical gears. Therefore, spiral bevel connection does not make higher noise than a 
strictly horizontal or vertical connection. 

 

The second connection consists of two helical gears which are assumed to generate 
approximately the same noise levels as previously connection. Due to the noise level additions 
method presented in the theoretical framework an assumption of the sound level can be 
made.  

With help from the gathered information, an assumption regarding the sound level of the two 
connections was made. The assumption was that they both are going to generate the same 
noise which will result in a slightly increased sound level. If both the links have exactly the 
same noise level the total noise level will increase with 3 dB.[32] 

The lifespan of this concept is assumed to be shorter than the first concept due to one additional 
link. However, even though it is assumed to be shorter, it does not necessarily mean it will break 
before 600h (see app. 1).  It all comes down to the material choice and teeth design.   
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4.4.5  The comparison overview  (Concept evaluation 3) 
 

This comparison matrix below is an evaluation of the two remaining concepts, were pros and 
cons are evaluated based on different demands. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Table 4 Comparison matrix 
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4.5 Final concept 

 
After the previously presented further development of the two final concepts it was established 
that one of the concepts was more advantageous than the other. The advantages of the concept 
is pointed out in the matrix below. 

 
The matrix is based on the matrix presented under the previous header “Comparison matrix”. 
In difference to the other matrix this one has weighted criterias.  

Based on the weighted matrix the chosen concept is concept 1.   

 

 
 

Figure 27 Final concept 

table 5 Weighted comparison matrix 
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5 Analysis 
This chapter answers the problems of the study by treating the result as well as the theory 
from the theoretical framework through analysis. Aspects around collection of information 
will also be analyzed here. 
 

5.1 Gathering of information 

 

Information that was gathered could at times be insufficient for example when making the 
competitor analysis it was tough to find useful consistent information. 

Even the information that was found about gears seemed to be very limited, and there was 
mostly short pieces for every part. Although useful information about gears was found in the 
books that was used. 

 

5.2 Problem 1 (Rotation of Motor) 

 
The first problem is answered with the result of the concept development process. However, 
there are a few different aspects of the development process that can affect the outcome. 
Therefore, to fully answer this question there are a few things that need to be further analyzed.  

 

To further analyze the evaluation methods it is essential to know that the work towards the 
thesis specification started from the first day of this study. Therefore, most of the generated 
concepts that were conducted through the brainstorming process were expected to meet the 
stated requirements. Later when the concepts initially were going to be evaluated with 
calculations, most of the concept satisfies the initial conditions. That meant that to assess 
further the concept new requirements needed to be stated.  

 

The result of the changed requirements aspects resulted in a more profound concept study. The 
new requirements then acted as the evaluation criteria to further filtrate the concepts.  After the 
filtration, the final calculations and discussion were made with only two concepts left.  After 
which both the final concepts were within the requirements. 

 

Therefore the answer to the first question is both of the concepts that were tested since these 
accomplish the goal without deteriorating the performance of the hedge trimmer, which was 
the primary goal of this thesis.  

 

The last comparison matrix is based on both the initial requirements and the new ones. Even 
with the new requirements, both concepts worked. However, a decision was made to present 
the most favorable concept in all aspects of the final concept.  Here is where the comparison 
matrix with the clear overview comes in to play.  
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5.3 Problem 2 (Center of mass) 

 
The second problem is answered by the center of mass calculations which was compared to 
the original. These calculations which were done on the two final concepts were gathered and 
presented in Excel. There was also a visual presentation of the calculations which was made in 
cad. Cad was chosen as a tool to visualize this since it could  be quickly pointed out where the 
balance point would be and from there analyze how that point is changing in the different 
concepts. 

To collect all of the values and to set up the equations and calculations Excel was used. This 
program is used in setting up spreadsheets which suited the problem good since there were a 
lot of different measurements that was needed in completing the calculations. The program 
simplified the calculation phase of the thesis the formulas coukd be prepered beforehand. 
The lengths and values used in this study were taken from the cad files, both the original 
model and the original with our gearing concepts inserted into it. From this calculations were 
made and and the difference in center of mass was shown. 

 

Only the values in x-direction was calculated and analyzed, since the other wasn't as 
important in this study. In the y direction it was assumed that the center of mass would be in 
the middle and the same for the z-direction, this is because the body of the hedge trimmer 
would keep a similar weight as the original. 
The center of mass will not change much in the x-direction compared with the original model 
although the center of mass point will vary in both concepts and become somewhat extended. 
This value is measured from the back handle to the front handle in cad.  

In conclusion, the center of mass will change in the x-direction, from the back handle to  the 
blades. This happend in every concept that had been developed. In concept 1 with 
approximated 37 mm and with 15 mm in concept 4. ( app. 8) 

 

 

5.4 Problem 3 (Effects of ergonomics) 
 
To answer the third problem, an ergonomic study was conducted as well as assumptions 
regarding the lifetime and the sound level. Both of these needs to be accounted for when 
considering the ergonomics of a product. 

The first ergonomic study was tested with the help of the center of mass calculation since this 
helped us to see how the distance between the handles changed visually.  To evaluate the change 
of position of the mass center comparison of the two final concepts as well as to the original 
concept were made. The visual presentation showed that the center of mass has a similar 
location about the front handle but that the distance to the users’ body was different. That also 
results in a length difference between the handles. In concept 1  the distance between the 
handels has elongated 66 mm compared to the origional and for concept 4 it has elongated 38 
mm (see app 10).  

The length between the handles extends in both of the final concepts. Concept 1 will extend a 
bit further than concept 4 will because of the shape and design of the system. Furthermore, it 
is now clear that if one of the handles need a change in position and is suitable for use. 

The second study is presented through a discussion regarding both the sound level and lifespan. 
From the analysis, a few conclusions can be made. The conclusion taken from the discussion is: 
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- More connections results in lower theoretical lifespan 
 

- When talking about gear trains with more than one connection and very similar 
noise levels of the different links, the change in noise level almost insignificant 
(max 3 dB) 
 

- To produce a more physical value and to verify this demand, a prototype needs 
to be constructed and tested.  

To sum up, the consequences from an ergonomic point of view will be that the position of the 
front handle might have to change to enable a good ergonomic work angle. 

 

 



Discussion and conclusions 

36 

6 Discussion and conclusions 
This chapter gives a summary description of the implications, conclusions and 
recommendations. The chapter ends with a suggestion of further work/ research. 

 

6.1 Implications 
 
The result that has been produced in this study implies that it is possible to rotate the motor 
and make the system work with the same performance as before. This means that if Greenworks 
chooses to use these concepts and move on to construction, they could have a hedge trimmer 
that has a more slim design that doesn't deteriorate the performance, although this new hedge 
trimmer would be longer than the original. In concept 1, the front handle may have to be moved 
further back to get an ergonomic grip.  
 
 

6.2 Conclusions and recommendations 

Both concept 1 and 4  meets the stated demands and we think that with further development, 
theese can be used in Greenworks hedge trimmer. 

During this thesis, we made sure that the demands were met, except the lifetime and sound 
level demands since these couldn't be tested. Instead, assumptions regarding these 
requirements were made. The second and third question was answered by the center of mass 
calculations and measurement in cad with these balance measurement as a base. 

Our final conclusion for this thesis are that both of the two final concepts are an answer to this 
study. However since we needed to choose 1 concept, we decided to go with concept 1 due to 
the fact that this concept generetes a lower height than concept 4 does. 

We recommend a continuous development of concept 1 and to the beginning of construction of 
the prototype and further testing on this concept. We think this would make for an excellent 
new version of the hedge trimmer with a slim design.  

 

 

6.3 Further work or research 
 

To continue with this concept there is room for further work, the next step that could be done 
is to construct a prototype of the gearing system to test sound wear. Through this work, both 
lifetime and the sound level can be checked instead of just making assumptions. To even further 
extend the lifetime of the gears a material study can be made to determine if there is another 
material that is better suited for the gears in this gearing system. 

Another research aspect is the design and customization of the gears and gear teeth design, 
everything from the backlash to teeth angel can be further improved to construct the optimal 
gear for this application.  

With a good teeth design, the lifetime can be increased and the sound levels decreased.  
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Appendices 
 

Attachment 1 Thesis specification 
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Attachment 2 Gantt- scheme 
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Attachment 3 QFD 
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Attachment 4 Function analysis 
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Attachment 5 Competitors analysis 
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Attachment 6 Drafts 
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Attachment 7 Excel books with the calculation 
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Attachment 8 Calculations of mass centrum 

 

 

 

 

 

 



Appendices 

50 

 

 

 

 



Appendices 

51 

 



Appendices 

52 

Attachment 9 Simulations 

 

Concept 1: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Concept 2: 
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Concept 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Concept 5 a) 
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Concept 5 b) 
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Attachment 10 Result table 

 


