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AFM – Autonomous fairway mower
CTQ – Critical to quality
FMEA – Failure mode effect analysis
FMA – function means analysis
QFD – quality function deployment
RPN – Risk priority number
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A golf course has requested a solution to the case study of ‘the design of an autonomous lawn mower’. This will be achieved by using a set of systems engineering tools to solve any design issues. The aim of this project is to use systems engineering tools to left shift the design and ensure a right first-time attitude. Some systems engineers believe that if you use the correct tools and get the requirements right at the start of a project there is a 97% of success. However, without using systems engineering tools there is only a 10% of delivering what the customer wanted [1].
 
[bookmark: _Toc97585892]Key customer requirements

Customer requirements are the base for any design project, detailing what the customer expects to be delivered. These requirements check the project has been completed successfully and express a need or expectation. Requirements can be categorized into need, expectation, requirements, and specification. 

[bookmark: _Toc97585893]Stakeholders

All projects have numerous stakeholders, a stakeholder is a person, a group or a company that will be affected by the outcome of the project. Stakeholders can also be involved in working on the project. Before starting any new project, the stakeholders must be identified and involved in developing requirements. Each stakeholder will have their own requirements and expectations that need to be collected. Once all stakeholders have been identified they are organized into groups that share similar requirements. [2]

A stakeholder influence map helps identify all stakeholders and groups of stakeholders. For this all stakeholders are written down and grouped together where similar requirements are likely to be shared between stakeholders. Once grouped together the stakeholder influence map can be created, this places all the groups on one page, relationships are then added between the different groups of stakeholders. Appendix 1 shows the stakeholder influence map and the relationships drawn between each stakeholder.







For the AFM the stakeholders that were identified were:

Figure 1 - shows the identified stakeholders

[bookmark: _Toc97585894]operational requirement

The operational requirement for the autonomous fairway mower is “To cut the fairway the correct specification without interrupting golfers”.

[bookmark: _Toc97585895]Determining requirements

When determining requirements, it is important that all stakeholders are present. Stakeholders will generally give expressed requirements, however the assumed, basic and delighter requirements need to be found. Expressed requirements are those that are important to the customer and are voiced while determining the requirements set. Assumed, basic and delighter requirements are unspoken and need to be captured. Assumed requirements are taken for granted however if not collected the customer may be unhappy with the final design. Basic requirements are simple requirements that are easily overlooked, if not collected the customer will be dissatisfied. Delighter requirements are those that the customer doesn’t know exist so they cannot be communicated to the design team. 
There are three different categories of requirements, operational requirements define the main purpose of the system along with key overarching constraints. Functional requirements are spoken in the form of noun verb for example: cut grass. Non-functional requirements look at aspects such as how the system will perform, the system itself and how the system will be implemented. Non-functional requirements can be sub divided into system, performance, and implementation.

[bookmark: _Toc97585896]Affinity diagram

Asking the right questions is key to extracting the unspoken requirements, questions can include what you do/don’t want, are there any restrictions on the system such as cost or time frame. An affinity diagram is used to collect and organize requirements. This tool allows the requirements to be collected and grouped together, any requirements with an ‘affinity’ are put into the same group. The 7+- 2 rule should be used and any groups that exceed this should be split into smaller groups or subgroups. This tool helps to remove any duplicate requirements and group like requirements together.


Figure 2 - shows the affinity diagram for the AFM

[bookmark: _Toc97585897]Requirements importance’s

A pairwise matrix was used to compare each requirement with each other, it does this by listing requirements down the column and across the top row with each requirement given a rating. The pairwise matrix completed for the AFM in appendix 2 shows the ability to cut a large area and to not interrupt golfers as important requirements to the customer.



[bookmark: _Toc97585898]Use case

A way of finding what users want from a system is to use a use case. This tool uses actors to find how the user will use the system. It uses a step-by-step process to determine how the system will interact with itself. Actors can be a company, system, or a person, they don’t need to be human but need to be able to make decisions. One potential issue with a use case is it can allude to a previous design; this needs to be stripped back to extract generic functions. 
The use case for the AFM in appendix 3 notes the actors as the system, the user, and the manufacturer. The user has written the logical sequence of how they expect the mower to operate under normal conditions. The alternative flow shows the mower cutting the wrong part of the course or cutting something it shouldn’t. Vandalism and un forecast weather were noted as exceptional flow as these could stop the mower achieving its goal.

[bookmark: _Toc97585899]GEMBA visit

GEMBA visits are an incredibly useful tool to help gather requirements. They involve going to watch the user use the system and observe the process on the shop floor. Users often accept the current system and make do with what they have without realizing the system can be improved. One potential issue to consider when carrying out visits is that people’s behavior can change when they know they are being observed. The process might be followed exactly while being observed yet corners cut during normal operation. The observer must be impartial and unintrusive so the process can be observed as it would be day to day.
The GEMBA visit was carried out in the greenkeeper’s maintenance shed, for this visit they were observed preparing the equipment, and cutting a fairway. During the visit two observers took notes and questioned the greenkeepers on what and how the cutting of the fairways could be improved. 
 
[bookmark: _Toc97585900]Critical system functionality

Getting the requirements right at the beginning of a project is key to satisfying the customer and delivering the desired system on time and to budget. If an error is made during the build stage it can be corrected at a low cost, if the error is made during the design phase the system will need a full redesign. However, if the error is made while gathering the requirements the wrong system could be delivered. This would require the whole design process to start again at great cost dissatisfying the customer.
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[bookmark: _Toc97585902]QFD

Quality function deployment (QFD) is a matrix tool that is used to see relationships between requirements, it can be used at different stages of the system development from initial kick off meetings through to manufacture. QDF 1 is completed after the customer has given their requirements, QFD 2 is completed after the design requirements. QFD 3 is completed after the parts requirements have been determined and QFD 4 after the manufacturing requirements. At this initial stage it is used to ensure that the set of requirements is complete and determines measurable requirements.

QFD is also used at every level of a system, from the whole system, subsystems down to components. Relationships can be drawn between the ‘what’ and ‘how’ functions. This is shown by leaving the box blank if there is no relationship, a 1 if there is a slight relationship, 3 if there is a relationship and 9 if there is a strong relationship. 

Columns within the QFD that are sparse or empty show that there is a missing customer requirement, or it is an unnecessary function of the system. A blank or sparse row indicates there is a requirement that doesn’t have a function, or the requirement is wrong. If a column is full or nearly full this suggests critical functions. 

The QFD 1 for the AFM is shown in appendix 4, for this initial matrix an importance weighting of 5 was given to each requirement. Adjusting the cutting height is a very sparse column, this would indicate a missing customer requirement or unnecessary function. However, the adjusting of the cutting height is a critical feature of a lawn mower.
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[bookmark: _Toc97585904]FMEA

Failure modes and effect analysis (FMEA) is a tool used to identify additional design feature that will help improve the system. FMEA uses the stakeholders to look at how the system could fail, potential failure modes and causes of the failure mode. It also considers what is currently done to prevent failure modes.  There are five ways a system can fail:
· Over function
· Under function
· Not function
· Intermittent function
· Unintended function

The FMEA table takes a function and breaks it down into failure mode, system effect, the effect seen by the user, the severity, potential causes, the failure mechanism, occurrence, and detectability. Severity, Occurrence, and detectability are given a score between 1-10, these are multiplied together to give a rating. The rating also known as risk priority number (RPN) indicates where action needs to be taken to prevent failure. The final column of the table is suggested intervention, this is where the team can suggest ideas to prevent failure. This can be used to inform the user the system has failed; warn the user the system is about to fail or design the failure mode out of the system. These comments are useful as they can be put into design ideas and built into the system, these emergent features are often delighters. 
Appendix 5 shows the FMEA that was carried out for the adjustment of the cutting height. The highest scoring RPN was the grass being cut too short due to mechanical failure. This scored high because if the grass is cut too short the club will have to wait for it to grow to the correct length, causing a financial loss and damage the club’s reputation.	

[bookmark: _Toc97585905]Concept derivation and design choices

[bookmark: _Toc97585906]Function means analysis

Function means analysis (FMA) captures, generates, and documents system design concepts. Using this tool helps find generic functions by breaking the problem down into small manageable pieces meaning solutions are easy to find. FMA uses a table to display the functions and concepts allowing them to easily be viewed in one place, however the table should have no more than 20 functions to keep it manageable. Once solutions have been suggested for each function selection and de-selection criteria are defined and used to narrow down the solutions. This helps remove obscure and out of the park ideas. 

The FMA for the golf course has 12 functions as seen in appendix 6. From this FMA the selection and de-selection criteria determined from the stakeholder requirements were:
· Easy to operate
· Even cut
· Affordable
· Avoid collision 
· Operate autonomously 

From these criteria solutions were disregarded that fell outside of the scope. Ideas such as the use of animals to cut the grass are obviously not going to work, along with solutions that aren’t autonomous. Although a simple tool FMA is useful to find ideas and solutions thinking outside the box that can then be ruled out using the criteria.

[bookmark: _Toc97585907]Pugh matrix
 
A Pugh matrix is used to quickly compare design concepts and find solutions that meet the stakeholder requirements. It is used to eliminate weaker ideas but there may not be a clear solution. As with most tools the Pugh matrix is best completed with stakeholders who hold an interest in that function.

A Pugh matrix was used to compare different three different modes of powering the mower, these were: combustion engine, electrical engine, and hybrid option. The results are shown in appendix 7 and the hybrid option came out on top. This is because being a an electric and combustion engine has the best of both worlds. The mower doesn’t have to rely on long battery recharge cycles and can potentially run on just one power method depending on conditions and time of day, for example the mower could run solely on electrical power overnight.

[bookmark: _Toc97585908]Critical design features

[bookmark: _Toc97585909]QFD 2

QFD 2 takes the system design requirements and translates them into solution-based requirements, this helps identify critical design parameters, define sub systems, and ensure the system is following the design requirements. The left column of QFD 2 contains the system functions that were in the top row of QFD 1, and the top row contains functional solutions. The functional solutions can be taken straight from the function means analysis table. If two solutions are being compared, then a single QFD can be completed with them sharing the matrix. Had a QFD 2 been completed for this study, a leading diagonal should be evident showing strong relationships. Off diagonal entries may imply emergent properties or interfacing issues.
​
[bookmark: _Toc97585910]P diagram

Parameter diagrams (P diagrams) are used to capture factors that affect the way a system will perform. This tool is used to find factors that cause variation in the system and therefore can help make the system more robust. There are indirect and direct noise factors, indirect noise factors are variation in the design, and direct noise factors influence the output of the system but don’t influence the design parameters. 
Appendix 8 shows the P diagram for the mower identifying the different noise factors within the system. The main deterioration noises identified were ‘wear of mechanical components’ such as the blade and drive system. These can be controlled by the controls identified such as maintenance schedules and ensuring the mower runs at the correct speed for the fairway it is cutting. 

[bookmark: _Toc97585911]What why

A what why identifies which noise factors and control factors are most likely to affect a systems robustness. As the P diagram can generate large numbers of noise and control factors what why tables use the Pareto principle that 80% of the variation is in 20% of the noise factors [3]. From the P diagram the control factors are listed down the left and noise factors across the top. Each control factor is weighted by the effect it has on the output.
For the mower, the control factors most at risk of variation are ‘cutting height’ and ‘power level of the mower’ as shown in appendix 9. The noise factor that scored highest was the variation in the maintenance schedule. These can then be integrated into critical design parameters; these can be given vales that will be a target for ensuring a robust system is designed.

[bookmark: _Toc97585912]Manufacturing system

The manufacturing system builds on the tools already used in the design process. An affinity diagram can be used to find the requirements for the manufacturing system, a stakeholder map can also be useful at this stage. FMEA can be used to detect undesirable emergence in the manufacturing system, detecting this will avoid dissatisfying the customer and keeping the manufacturing operators happy. 

QFD 3 moves the solution requirements into manufacturing requirements. This furthers on the QFD model and has the manufacturing process steps along the top with the critical product parameters down the left taken from QFD 2. The component target vales from the bottom of QFD 2 become the process parameter values for QFD 3. When filling out QFD 3 the requirements need to be filtered to ensure the correct parameters are transferred, especially those susceptible to variation detailed in the P diagram and what why table.
The main thing taken from QFD 3 is the importance rating of each process step. This detects which process steps are critical and allows action to be taken to ensure the specification is met. This allows the production team to focus on CTQ processes [4], these feed into QFD 4 for further examination. 


The last step in the QFD methodology is QFD 4 which looks at the relationships between the manufacturing system and the process requirements. The data from QFD 4 is fed from QFD 3. A process FMEA is carried out at this stage and is used to feed QFD 4. This FMEA is based on the manufacturing process not the design. It uses the same tabular format as DFMEA but looks at potential failure modes within the manufacturing process. 
Had QFD 4 been completed it would feed into the manufacturing processes on the shop floor and help write process documentation and work instructions with the process operatives and CTQ features in mind.

[bookmark: _Toc97585913]Conclusion & improvements

The use of systems engineering tools has enabled the design to be left shifted delivering a robust system that satisfies the customer. Had more time been available the completion of QFD2-4 would allow the evaluation of the manufacturing process, ensuring CTQ process are risk managed appropriately. QFD 1 could also be improved by adding the required testing along the bottom of the matrix, these tests give measurable values that verify the system meets the specification.
[bookmark: _Hlk97498979]
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Use Case for autonomous fairway mower
	Use Case: Autonomous fairway mower

	Author 
	Issue -
	Reviewed 
	Date 

	Actors: - 

The system
The user
The manufacturer




	Pre-conditions: - Anything that can be assumed to be true when the use case begins: -
 

· The mower has been accurately programmed
· The mower is fuelled, maintained and ready to operate
· The weather conditions are within the mowers safe working parameters
· The user is fully trained and understands the dangers of operating the equipment
· All system markers or guidance systems are fully operational




	Post-Conditions: - Anything that must be true when the use case is complete.

· The mower returns home undamaged
· All obstacles have been avoided
· The correct area of the golf course has been cut
· The cuttings have been delt with appropriately 






	Basic Flow: - 


· Program cutting path
· Maintain mower – refuel, empty cuttings if required, check cutting system
· Load correct program
· Pre operation check - check of program and mower
· Start mower cycle
· Mower cuts grass.
· Mower deals with cuttings
· Mower completes cut
· Mower returns to base





	Alternative Flow: - 

· Mower cuts wrong part of golf course
· Mower cuts object 





	Exceptional flow: -



· Collision with object
· Un forecast weather
· Third party damage – vandalism
· Run out of fuel
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Lifespan


Long life


Hard-wearing


Weatherproof


Performance


Cuts grass to correct length


Cuts fairways


12-hour operational period


Cut grass autonomously 


Easy to use	


Environmental


low noise output


Low light output


energy efficient 


Not damage wildlife


not damage plants or trees


Avoidance


Avoid golf course hazards


Avoid humans


Avoid animals	


Avoid trees and plants


Timing


Not interfere with golf games


Cost


Low manufacturing cost


Low maintenance cost


Low running cost



Users


The green keepers (main users)


The maintenance team


Public


Golfers


The public


Golf union 


Manufacturing


Manufacturing


Power supply


Fuel supplier


Golf club


The club secretary


Health and safety


Finance department 


Golf committee


Designer
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Pairwise comparison of requirements



0 = No Preference

1 = Slight Preference

3 = Preference

9 = Strong preference



The groundsman requires that the device shall be able to mow area of 800m by 

200m.

The groundman requires the system to cut the fairways with little human input

The club require the system to cut the grass to the correct length detailed within 

the club standards

The neighbours and enviromantal group require the system operate quietly without 

disrupting their sleep

The club requires the system to be able to run throughout the day and or night

The groundman requires the system to operate for 12 hours without interuption

The neighbours and enviromental group require the system to operate without 

producing too much light polution

The club require the system to avoid hazards, bunkers, ponds, trees etc

The groundman requires the system to operate in rain and windy conditions

The club requires the system to avoid humans and animals

The groundman requires the system to be ready for operation 12 hours after 

finishing a cycle

The enviromenatl group require the system to aviod plants, trees, and animals

The club require the system shall avoid and not damage golf euipment, rakes, 

flags, markers, golf bags, balls etc

The club require the system to operate around games or outside of golfing hours

The groundsman requires the system to be easy to maintain

Total

Total Normalised

The groundsman requires that the device shall be able to mow 

area of 800m by 200m.

3 9 0 3 1 0 9 3 3 1   0 3 3 38 10.3

The groundman requires the system to cut the fairways with little 

human input

1 3 0 3 1 0 3 1 1 1 3 3 1 1 22 5.962

The club require the system to cut the grass to the correct 

length detailed within the club standards

9 3 0 0 0 0 0 1 0 0 1 0 3 1 18 4.878

The neighbours and enviromantal group require the system 

operate quietly without disrupting their sleep

1 1 1 9 1 0 0 0 1 0 0 0 9 0 23 6.233

The club requires the system to be able to run throughout the 

day and or night

0 3 1 9 3 9 0 0 0 1 3 3 3 0 35 9.485

The groundman requires the system to operate for 12 hours 

without interuption

1 3 0 3 3 9 0 0 0 9 3 0 1 3 35 9.485

The neighbours and enviromental group require the system to 

operate without producing too much light polution

0 0 0 9 9 0 0 0 3 0 0 0 9 0 30 8.13

The club require the system to avoid hazards, bunkers, ponds, 

trees etc

3 1 1 1 3 0 3 1 3 0 3 3 1 0 23 6.233

The groundman requires the system to operate in rain and 

windy conditions

1 0 0 0 0 0 1 1 0 1 1 3 3 0 11 2.981

The club requires the system to avoid humans and animals 3 1 0 0 3 0 3 3 1 0 3 3 1 0 21 5.691

The groundman requires the system to be ready for operation 

12 hours after finishing a cycle

1 3 1 0 3 9 0 0 0 0 0 0 0 3 20 5.42

The enviromenatl group require the system to aviod plants, 

trees, and animals

3 1 0 1 1 0 3 3 1 3 0 3 0 0 19 5.149

The club require the system shall avoid and not damage golf 

euipment, rakes, flags, markers, golf bags, balls etc

3 3 0 1 1 0 3 3 1 3 0 3 0 0 21 5.691

The club require the system to operate around games or outside 

of golfing hours

1 1 0 9 9 0 9 3 3 3 0 1 3 0 42 11.38

The groundsman requires the system to be easy to maintain 3 1 1 0 0 3 0 0 0 0 3 0 0 0 11 2.981
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How

Importance

power mower

Programme system

start system

finish cutting

Aviod hazards mobile and immobile

adjust cutting height

determine location

Manoeuvre

cut grass

Stop Cut

deal with cuttings

Return home

Requirements

The groundsman requires that the device shall be able to 

mow the fairways 5 9 3 1 9 3 1 9 9 9 3 3

The groundman requires the system to cut the fairways with 

little human input 5 9 3 1 3 1 9

The club require the system to cut the grass to the correct 

length detailed within the club standards 5 3 9 9 3 9 9 9

The neighbours and enviromantal group require the system 

operate quietly without disrupting their sleep 5 3

The club requires the system to be able to run throughout the 

day and or night 5 9 3 1 1 1

The groundman requires the system to operate for 12 hours 

without interuption 5 9 3 1 9 1 3 9 9 3

The neighbours and enviromental group require the system to 

operate without producing too much light polution 5 1

The club require the system to avoid hazards, bunkers, 

ponds, trees etc 5 9 1 9 3 3 1 1

The groundman requires the system to operate in rain and 

windy conditions 5 3 1 1 3 3

The club requires the system to avoid humans and animals

5 9 9 3 3 1 3

The groundman requires the system to be ready for 

operation 12 hours afterf finishing a cycle 5 9 1 3 1 9

The enviromenatl group require the system to aviod plants, 

trees, and animals 5 9 1 9 9 3 1 3 1

The club require the system shall avoid and not damage gold 

euipment, rakes, flags, markers, golf bags, balls etc 5 9 1 9 9 3 1 3

The club require the system to operate around games or 

outside of golfing hours 5 1 3 3 1

The groundsman requires the system to be easy to maintain

5 3 3 3

5

170 310 105 165 205 50 190 135 125 155 155 130
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Function Failure Mode System effect Effect Seen by user Severity Cause Mechanism (If Known) Occurrence Detection / prevention methodDetectability Rating Suggested intervention

Wrong length selected human error 4 None 3 36 2 person check on program

Programing error computer error 3 None 4 36 2 person check on program

wrong program selected human error 6 None 2 36 2 person check on program

mechanical failure 3 Annual service 7 63 More servicing

Wrong length selected human error 4 None 3 84 2 person check on program

Programing error computer error 3 None 4 84 2 person check on program

wrong program selected human error 6 None 2 84 2 person check on program

mechanical failure 3 Annual service 5 105 More servicing

 

system failed to start 6 system error 1 24 feedback system

height set too hight human error 4 None 3 48 2 person check

mechanical failure 3 None 3 54 more servicing

None

wrong program selected human error 6 None 2 96 2 person check

total system failure 3 None 1 24 feedback system



wrong grass cut wrong part of golfcourse cut

8

Adjust cut height

over  Cuts grass too long Grass length is too long 3

no

intermitant

unintended

no grass cut grass is too long 4

grass cut intermitantly grass cut to different lengths 6

under Cuts grass too short Grass length is too short 7
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Function

power mower

combustion engine nuclear electric electric hybrid sails jet fuel steam biomass wood burning

Programme system

AI organic brain windows machine learning CAM

start system

blu-tooth wi-fi GPS wires (ethernet) SMS buttons touch screen

finish cutting

doesn't power warning system checks self-diagnostics returns home

Aviod hazards mobile and 

immobile

radar lidar sonar whiskers camera human probe bump sensor 3D thermal imaging

adjust cutting height

manual gears pins belts hydraulics pneumatics mag-lift steam

determine location

radar lidar sonar whiskers camera human 3D thermal imaging

Manoeuvre

teleportation wheels tracks air cushion rails pushed towed log rollers

cut grass

blades lasers fire explosives nuclear burning saws scissors teeth drum blades/roller goat sheep horses

Stop Cut

emergency button complete cycle falls over kinetic disassembly catches fire drowns programmed

deal with cuttings

fire explosives nothing compost ejected as moving bale

Return home

drive teleport towed pushed

Means
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current system

combusion engine

electric engine

hybrid engine

0 8

4

11

The groundsman requires that the device shall be able to mow area of 800m by 200m.

0 1 1 2

The groundman requires the system to cut the fairways with little human input

0 1 1 1

The club require the system to cut the grass to the correct length detailed within 

the club standards

0 0 0 0

The neighbours and enviromantal group require the system operate quietly 

without disrupting their sleep

0 -1 2 1

The club requires the system to be able to run throughout the day and or night

0 1 0 2

The groundman requires the system to operate for 12 hours without interuption

0 1 1 2

The neighbours and enviromental group require the system to operate without 

producing too much light polution

0 0 0 0

The club require the system to avoid hazards, bunkers, ponds, trees etc

0 0 0 0

The groundman requires the system to operate in rain and windy conditions

0 2 1 2

The club requires the system to avoid humans and animals

0 0 0 0

The groundman requires the system to be ready for operation 12 hours afterf 

finishing a cycle

0 2 -2 2

The enviromenatl group require the system to aviod plants, trees, and animals

0 0 0 0

The club require the system shall avoid and not damage golf euipment, rakes, 

flags, markers, golf bags, balls etc

0 0 0 0

The club require the system to operate around games or outside of golfing hours

0 1 1 1

The groundsman requires the system to be easy to maintain

0 0 -1 -2
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Unit to unit Noise Factor Deterioration

Weather conditions variation in power level Component wear

rain variation in fairway to be cut blade

snow  variation in mower speed engine

ice variation in mower cut direction drive system

variation in mower position Ingress of dirst & dust

collision with object  variation in cutting height

human or animal  Variation in maintanance schedule

trees & plants variation in frequency of use

golf course furniture

height of grass & weeds

Control Factors

power level

fairway to be cut

mower speed

mower cut direction

mower position

cutting height

Maintanance schedule

frquency of use

Noise Factors

Date: 



System: 

P-Diagram

Author: 

Noise Factors External

Issue: 1

Side effects



Input 

Our System 

Output - Fairway cut to course 

specification
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Weighting 

of design

control 

parameter

variation in power level

variation in fairway to be cut

variation in mower speed

variation in mower cut 

direction

variation in mower position

 variation in cutting height

Variation in maintanance 

schedule

variation in frequency of use

wear of blade

wear of engine

wear of drive system

ingress of dirt & dust

rain

snow

ice

collision with human or animal

collision with trees & plants

collision with golf course 

furniture

height of grass and weeds

power level 7

9 3 3 1 3 9 3 3 3 3 3 3 3 56 392

fairway to be cut 6

3 9 3 3 1 3 1 1 1 1 1 3 3 1 40 240

mower speed 4

3 9 1 1 1 9 3 1 1 33 132

mower cut direction 5

1 9 1 1 17 85

mower position 9

9 1 1 1 3 3 3 3 33 297

cutting height 10

3 3 1 3 9 3 3 1 1 1 9 47 470

Maintanance schedule 7

3 1 1 9 1 9 3 3 3 1 1 1 43 301

frquency of use 6

1 1 1 3 9 3 3 3 3 33 198

Relative importance of noise factor: 150 105 85 49 141 151 178 88 163 106 77 64 20 54 54 17 52 52 117
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