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Abstract 

 

This project has been carried out in cooperation with Volvo Construction Equipment. A new control 

intended to give an intuitive understanding for the new generation of operators of how to handle the 

motor grader has been developed. The project includes parts of the development process, idea to finished 

concept. 

The project started with a thorough study of the functions of motor graders not only those built by Volvo 

but also those from the biggest competitors. Interviews were made with operators about today’s and 

future controls of graders. In comparison the competitors seem to offer better controls both from 

ergonomic and cognitive points of view. 

Hitherto too little interest has been focused by design engineers in problems of the operators. Operators 

are exposed to wear and tear when driving the graders and they also have difficulties driving the 

machines all because of the design of the manoeuvring device.   

From the start to the final concept a great variety of people has been involved in this project e.g.  young 

and old operators, scientists and constructors resulting in a large spread of ideas. 

The final concept is a new thinking control with respect to the combination of functionality, ergonomics 

and intuitivety. 
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1 Introduction 

This project focuses on motor graders i.e. construction equipment mainly used to level off the ground in 

connection with road work. The specific graders chosen for this study belong to Volvo’s G-series varying 

in weight and length from 15.6 to 22.1 tons and 8.9 to 9.7 meters respectively (fig 1.1). The graders are 

also used for other work like snow clearance. 

The graders in this series have ten levers with which the three tools; front blade, main blade and ripper are 

controlled (fig 1.2). The levers also control wheel leaning and articulation of the grader. Using these 

levers to handle the grader some operators as time passes cause themselves strain injuries with respect to 

neck, shoulders and/or wrists. This project is meant to improve the environment of the operator i.e. to 

develop an intuitive and physical control to Volvo’s G-series motor grader in order to reduce these 

injuries and to provide a more comfortable and accessible working environment.  

 
 

Figure 1.1: Volvo’s motor grader G990. 

1.1 Volvo Construction Equipment 

Volvo Construction Equipment (Volvo CE) is one of the world’s largest producers of construction 

equipment. According to Volvo (2007), Volvo CE is the oldest company that produces construction 

equipment. The company was founded in 1832 during the optimistic time of the industrial revolution. 

Today Volvo CE is one of the leading companies in the world producing heavy construction equipment. 

 

 

Figure 1.2: The motor grader and the levers. 
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1.2 Problem Description 

Of course there is a lot to learn to be able to drive a modern motor grader. It might take some months to 

learn how to use all levers, pedals, buttons etc and it will no doubt take more than a year to be an 

excellent driver. To handle blades and ripper by means of the levers you have to pull or push the correct 

lever to activate the corresponding function. This is not always easy because sometimes three, four and 

even five functions are used at the same time. The operator must be able to choose and adjust the proper 

levers in the right directions. This means that it is not only difficult to remember the function of the levers 

but also physically strenuous for the operator as the levers can be moved in different directions. 

It is not unusual that operators get strain injuries in the neck, shoulders and wrists. To make it easier and 

more comfortable to operate the motor grader an intuitive and ergonomic control should therefore be 

developed. A satisfactory solution to the physical ergonomic and cognitive aspect with the user’s point of 

view taken into consideration and an intuitive control should be designed. 

This project was focused on designing a control that is: 

 Intuitive; the solution will give the operator a fast and correct understanding of the control’s 

functionality. 

 Ergonomic, from a physical point of view; the natural position of the hands is obtained. 

 Maximal functionality; a multi control that has many integrated functions, more functions than 

the levers put together.  

 

These three components were all considered in the development of a better future control for the motor 

grader. The greatest problem seemed to be to balance the parts mentioned. Till now most constructors 

have favoured functionality and there is a mismatch between the three components that ought to be 

corrected. Evidently the best solution to find the balance is to attain a compromise between them three i.e. 

functionality, ergonomics and intuitive learning. To see how these three components interfere it is 

necessary to examine them each by themselves and answer questions like: 

 What is the definition of an intuitive control? 

 Is it possible to make a control fully physically ergonomic? 

 What is maximum functionality? 

 

Answers will be given further on but some comments will be given here. 

The word intuitive comes from the philosophical term intuition. Intuition means, according to the 

Encyclopedia (2012), “something that gives an immediate perception of the object where each element is 

perceived directly, without benefit of experience or intellectual analysis”. To make the control intuitive 

natural mapping and mental models were used. They should give an immediate understanding of how the 

control works. More information about the relevant fields in this project will be given in section 2.2.1. 

The to be able to design a satisfactory control for the motor grader the physical ergonomics, intuitivity 

and functionality need all to be taken in account to give the operator an easy and comfortable control of 

the grader 

1.3 Mission Statement 

In this project a satisfactory solution, physically ergonomic, cognitive and functional, for an intuitive 

control from the users’ point of view should be found. To make the control ergonomic the neutral position 

of the hand should be obtained. The intuitivity should be based on cognitive facts, where concepts as 

mental models and natural mapping should be further discussed. An understandable cognitive solution 

over the movements of the functions is natural mapping. The control should show the functionality and 

give the operator an immediate understanding of the control. 



 
University of Skövde Development of an Intuitive Grader Control 
School of Technology and Society 2012 

 

 
 

3 
 

2 Background 

The world of motor graders is more or less male dominated. Also there is of course a great difference in 

skill levels of operators between less developed parts (LDC) of the world and those with a high technical 

standard. According to M. Andersson, training manager at Volvo CE (personal contact March 14
th

, 2012), 

it is more common to learn the machine by “trial-and-error” in a LDC whilst in the west world the 

operator is trained in a school and/or as a trainee.  

The technique that is used today gives a good possibility to develop a new type of control that will make 

the maneuvering easier. The new generation of operators which will use tomorrow’s graders has got 

experience from game controls and it will probably lead to a greater acceptance for more advanced 

controls instead of the mechanic levers that are used today. Controls can be designed so that the operator 

intuitively will understand or easily learn how to maneuver the machine. Also controls can be designed 

more ergonomically to make the seat and surroundings more comfortable for the operator. 

Electro hydraulic controls for the motor graders have been available on the Nordic market for many years, 

the largest supplier is Veekmas. In 2008 Caterpillar presented a new grader; the M-series where an electro 

hydraulic joystick is a standard feature. One year later John Deere introduced a new series with joysticks 

instead of leavers. Volvo’s grader has no joysticks as standard equipment but customers and system 

suppliers have been modifying and rebuilding the grader with an electro hydraulic joystick. SVAB has 

modified Volvo’s grader since the beginning of 2000. SVAB is a company that develops and offer 

ergonomic steering devices for a more effective maneuvering of different types of working vehicles 

(SVAB, 2012). Volvo does not support these modifications and so Swecon, Volvo Maskin AS and SVAB 

supply this equipment. 

2.1 Implementation 

In the beginning of the developing process the stated problem had to be thoroughly investigated. A solid 

knowledge of relevant fields where motor graders appear had to be collected to proceed with the project. 

The motor grader itself with all its functions was carefully examined during a visit to Volvo Demo Center 

in Esklistuna.  

To continue in the development of a new intuitive control a large benchmarking had to be made in order 

to get an overview of the competitors and their graders. It was also important to look at other markets 

such as the game market where a lot of different controls and joysticks are used, depending on what game 

is played. Interviews and observations of grader operator should give a better understanding of their 

working situation and problems, which functions are more used than others and how they use the 

maneuvering system today.  

Literature was reviewed and followed during the project. In the concept generation and selection phase 

where relevant methods were investigated and implemented in the process literature was of great 

assistance. The development process method that was used is based on “Front-End process” (Ulrich & 

Eppinger, 2008). The usability and principals for different types of steering devices was observed from a 

technical and conceptual perspective. 

The next step in the developing process was to produce a lot of new and inspiring ideas. This was done by 

using different types of idea generation methods. The progress of the project proceeded in separate 

phases. The concept selection phase selected the final concept among a lot of original ideas. The selected 

concepts were further developed and function models were made. On these function models feedback 

from Volvo and grader operators was of great importance. The concept selected here was made into a 

functioning prototype and a design model in digital form from the CAD program Pro Engineer. At the 

end of the process an investigation over production techniques as well as manufacturing costs was made. 

Even the possibility to take a patent on parts or the whole product was estimated. 



 
University of Skövde Development of an Intuitive Grader Control 
School of Technology and Society 2012 

 

 
 

4 
 

2.2 Relevant Fields 

The manoeuvring of a motor grader is difficult to understand because at first sight the grader gives an 

impression of complexity. How does that come? And what are the main reasons for its complexity? Can 

the complexity be reduced? These questions were discussed as can be seen in section 2.2.1. Also mental 

models coming up in connection with complexity are dealt with in section 2.2.1.1. It was important to get 

a better knowledge of users´ behaviour and problems caused by the grader. To be able to prevent strain 

injuries the physical ergonomic aspects of the hand was further investigated in chapter 2.2.2. 

2.2.1 Cognitive Ergonomics 

When machines, like the grader, get difficult to maneuver there is a risk that they are not used in their full 

potential. This complex machine needs experienced operators and they are rare. Experienced operators 

are hard to find because it takes months to learn the machine and years to be really good at maneuvering 

it and time is expensive (Casey, 2012). A machine with short learning time is preferable in today’s 

society. The sensorimotor learning consists of three phases that explains why the learning takes that much 

time (Hägg, 2001).  

 The Cognitive Phase; the user analyzes the task and starts to understand the system. 

 The Associative Phase; the user starts to associate the system with similar known systems. This 

is also called positive transfer; if the system works like an already known system, (Casey, 2012). 

This phase is the most mentally demanding and the level of concentration is high. 

 The Automatic Movement Phase; by repeating the combination of different tasks will make the 

combination more automatic; this phase is the most time consuming. But in the end of this phase 

the operator is experienced and can do the work automatically. 

In the learning process the understanding and making the work more automatic is the most time 

consuming part. When a product is too complex the human has problems understanding the system, and 

this will make the learning phase longer. A good way to prevent complexity and shorten the learning time 

on products is to use natural mapping in the system, (Norman, 2010), and that will be used in this project. 

An example of natural mapping is; if the user grabs a joystick and pushes it forward the product will go 

forward. Natural mapping explains the relationship between two things and it should give an immediate 

understanding for what the product can do. When using natural mapping the form and shape can make the 

product speak for itself (Norman, 2002). A good example of natural mapping is Mercedes Benz’s seat 

adjustment control that gives the user an immediate understanding of the product (figure 2.1). This is 

something to have in mind for the design of the motor grader control. 

 

Figure 2.1: Mercedes Benz’s seat adjustment control (Automobile magazine, 2009). 

There are many symbols in the motor grader, one for each function. Volvo has a standard to use symbols 

in all their vehicles, they will help inexperienced operators to maneuver the machine more easily and 
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shorten the learning time. But the symbols are only a compensation for the bad design. If the design is 

satisfactory the symbols are not necessary (Norman, 2002). Complicated and confusing interfaces and 

symbols are often a reflection of an engineer or a programmer who has failed to consider the 

expectations, capabilities and limitations of the end user (Casey, 2012). This is a problem that makes the 

understanding difficult and can result in confusion and frustration (Norman, 2010). A fact to have in mind 

regarding notes is that ten percent of human males are color blind. That means that ten percent of human 

males cannot see the color red and green. By making the red color more yellow and the green more blue 

this problem will be solved (Norman, 2010). When working in a male dominated area such as the motor 

grader area, considering color blindness is very important when developing new products. By not using 

the colors red and green in the control, errors associated with color blindness will be prevented. 

This control will be used all over the world and there for it is important to observe other cultures and their 

rituals; material from Volvo’s own preliminary study was collected. Traditions are also an important 

factor that affects behavior and is very difficult to break (Norman, 2010). Observations on operators from 

different countries were done and their way of handling and maneuvering the machine was observed. It is 

also important to understand that complexity affects people in different ways. Something that is complex 

for one person is not necessary complex for others; everyone is different, unique and has different 

experiences (Norman, 2010). For example a pilot does not think that the cockpit is as complex as a 

layman would think.  

2.2.1.1 Mental Models 

Humans start to understand the world by constructing mental models of it. In Sternberg´s (2009) 

simplified model the human being begins form it through training, experience and instructions. A mental 

process, that is to say a combination of mental models, is responsible for the human behaviour. Each 

impression that the human takes in has a mental model. The mental model can be complete or incomplete 

models of the reality (Johnson-Laird, 1990) and applies in two distinct levels. The first level is the 

incomplete models; they are simplified models of what they represent in the world in other words just 

imitations of the reality. These types of models lack the working model of how their counterpart in the 

world operates. The second level is when the user has a working model that agrees with the reality 

(Johnson-Laird, 1983). This mental model explains how the system’s inside works, for example the 

technology (Sternberg, 2009). The differences between the two types of models are that if you have a 

problem you cannot solve it only by using the incomplete mental model. But if a problem appears and the 

user has the complete mental model of the problem it can be solved (Norman, 2002). 

The user’s mental model will affect his/her actions and some models are more developed than others, in 

this case the conceptual and mental model will be further looked into (Sternberg, 2009). A mental model 

explains, in this case, the relationship between the controls and the outcomes. If the user can look at a 

system and predict the effects and what it can do, the user has the right mental model of the system. It is 

the designer’s task to make a system that the user can understand; the system’s conceptual models should 

match the users (figure 2.2). The system always has the right conceptual model. 

 

Figure 2.2: Modified picture of Norman’s concept models (Norman, 2002). 

2.2.2 Physical Ergonomics 

It is difficult to make a product, for static work, that users can work with for longer periods of time 

without risks for attritional wear. By working long shifts the potential of getting attritional wear is larger. 

Good blood circulation prevents or reduces the possibility of such injuries and so a break every 25 

Designer User

System
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minutes with some physical exercise for the body makes the blood circulate better. Common ergonomic 

problems that occur when working with motor graders that have levers are attritional wear in the neck, 

wrists and shoulders. The most common reasons for attritional wear are (Hansson & Westerholm, 2004): 

Neck pain: 

 Repetitive manual work. 

 Wrong/bad positioning and activity for arms 

 Static working postures 

 Working with a twisted/inclined trunk. 

 Sitting for a long period of time. 

 Expositions for hand-arm vibrations. 

 Bad layout of the work place 

 Driving vehicles. 

Wrist pain: 

 Exposition for vibrations. 

 Repetitive work. 

 Non neutral positioning of the hand. 

 Gripping with force. 

 External pressure over the carpal tunnel. 

There have been some difficulties to ensure the reasons for attritional wear in the shoulders. This mostly 

depends on that the neck and arms affects the shoulders and a combination of the problems in the neck 

and wrists can result in pain in the shoulders (Hansson & Westerholm, 2007). 

Everyday activities like eating or making a telephone call can be accomplished with motions of the wrist 

between 5⁰ flexion and 35⁰extension. The personal care activities like washing and dressing has the range 

flexion 10⁰ and the extension 15⁰. More complex and varied actions are possible with the hand without 

getting attritional wear. Problems occur when the work is static or when the same task is performed 

repetitively (Pheasant & Haslegrave, 2006). By looking at the angles in the wrist (figure 2.3) the 

possibility to remove dangerous angles in the control is larger. 

 

Figure 2.3: Modified figure, from Bodyspace, of the angles in the hand (Pheasant, 2006). 

Today’s operators’ drive in different ways (figure 2.4 and 2.5) generally the problem with the 

maneuvering of the grader is that the levers give a large probability for attritional wear. The levers give a 

non-normal posture in the wrists and shoulders. The normal positioning of the hand is not obtained and 
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when working in a grader there is a larger probability to get attritional wear in the wrists due to the 

vibrations and the long shifts. 

 

Figure 2.4: The operator maneuvers the motor grader. 

 

Figure 2.5: The operator maneuvers the motor grader. 

Attritional wear is an important factor that needs to be reduced and taken under consideration, when 

building a new control. Damages occur when the same work task is performed repeatedly and when the 

angles are larger than what is acceptable. By looking at the angles of the hand when working with the 

control, dangerous angles can be discovered and prevented. There are five positions that could give 

attritional wear, for this control. Disregarding the anthropometric values of the angels on the hand, the 

risk of injuries to the hand and wrist is larger (Bridger, 2009). By calculating the angles, errors in the 

design can be discovered and prevented (table 2.1). 
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Table 2.1: Acceptable angles of the hand in different positions. 

Hand position/ Angle Acceptable 

Extension 76⁰ 

Flexion 85⁰ 

Neutral 0⁰ 

Radial Deviation 37⁰ 

Ulnar Deviation 30⁰ 

3 Preliminary Study 

During a preliminary study a lot of information was taken into consideration when giving shape to a new 

control. At first a presentation of Volvo’s motor grader was given during a visit at Volvo Demo Center 

located in Eskilstuna. This was important to get a deeper understanding of the grader and its functions and 

after that first step a benchmarking (i.e. thorough comparison) over Volvo’s and the competitors´ graders 

and their steering devices was done. To get a broader knowledge of techniques for steering devices 

related markets, like game consoles and agricultural machines, were examined. One of the most important 

parts of the pilot study was to gather information from the users of the graders and so interviews with 

operators were held always in the vicinity of the grader. To get even more information and help to 

proceed in the right direction to a new generation of concepts and steering technique, a focus group was 

put together. Operators from different working areas participated in the sessions held and gave feedback 

and suggestions to the stated problem. The preliminary study resulted in a product specification where the 

requirements of the control can be seen. (table 3.2) 

3.1 Functions 

The introduction at Volvo Demo Center was documented with pictures, movies, sketches and notes. 

These data resulted in functional sketches of the degrees of freedom that the blades have (figure 3.1, 3.2 

and 3.3). The notes taken during the introduction were evaluated and compiled so that they could be used 

in the idea generation and at the sessions of the focus group. 

Other markets like games, agricultural machines and forest machines use functions in a similar manner as 

graders do and were consequently observed in the preliminary study. These markets are well developed 

and were supposed to give inspiration to the new control that was to be developed. 
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Figure 3.1: Explanation of the levers functionality (Instructions book of Volvo’s motor grader). 

 

 

Figure 3.2: Functional schedule for the motor grader’s main functions. 
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Figure 3.3: Functional schedule of the motor grader’s extra functions. 

3.2 Benchmarking 

Benchmarking is a discovering and learning process, not as many people think, a mechanism for 

determining resource reduction (Camp, 1993). The process is a systematic comparison between two or 

more different companies, in this case Caterpillar, Veekmas and John Deere. By making a large 

benchmarking within different areas, other markets could give inspiration to the new control that is to be 

developed. Gathering information is most important using the method of benchmarking and, according to 

Camp (1993); this should be used first before any visits or other benchmarking techniques. The 

benchmarking is completed and successful, according to Ulrich and Eppinger (2008), when the most 

interesting competitive products are identified. The comparison is about measuring products for each 

company. There are two ways to measure in benchmarking, internal and external. When the 

benchmarking is done it is easy to find gaps between the company that is performing the benchmarking 

and the company that is the “benchmarking leader”. A gap means differences between the reference 

company and the other company. These gaps can easily be closed by looking at technologies that the 

competitors use and take inspiration from them. In this case it might be considered a gap that Caterpillar’s 

joysticks are superior to Volvo’s levers. 

The benchmarking consists of five phases (Camp, 1993); the first step is the planning phase and it is 

followed by analysis, integration, measures and at the end a ripeness phase (figure 3.4). 
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Figure 3.4: All the steps in the benchmarking phase. 

Limitations in the benchmarking phase could be to look at the external, the competitors only; other 

limitations could be to follow Camp’s five steps until the gap, between the competitors, is found. In this 

project information about the competitors and about their grader controls and technology has been 

important, as well as getting a good overview of what is on the market. Other markets that had to be 

examined were games, helicopters and agricultural machines. They use different types of steering devices 

that are relevant for this project.  

3.2.1 Competitors 

A review made of the competitors has given facts about their technologies and also inspiration to the idea 

generation. According to Camp (1993) it is important to know the competitors and their products to get a 

better understanding of the product and all the different functions and systems that sort them from each 

other.  

An overlook of leading companies of the world on the market of graders today resulted in the observation 

that among the biggest established brands that could be compared to Volvo were Caterpillar, John Deere 

and Veekmas. These three companies were chosen because they are still making motor graders and have 

all developed a type of joystick. The other companies only have levers and were not interesting due to the 

fact that a new type of steering control was to be developed, therefore they were not selected. 

Positive and negative characteristics were determined with the three selected companies; this was done 

based on a cognitive and physical ergonomic approach, which resulted in differences and similarities 

between the companies. The observation of the different competitors was very useful in the upcoming 

concept selection phase. Good and bad aspects of the grader and its functions were easily seen. The 

results from the observations were that several competitors were missing natural mapping on a number of 

functions.  

Volvo, which is the benchmarking reference, has a standard of levers. A joystick is optional and is fit to 

the grader by SVAB before the delivery to the costumer. 

Identify what benchmarking should be used on

Planning Identify comparable companies

Decide the method for the data collection and collect it

Decide the gap or gaps

Predicting future presentations

Inform about the results and to achieve acceptance

Establish goals

Develop actions plans

Measures Take specific actions and monitor progress

Reevaluate the benchmarking standards

Ripeness  Leading position has been achieved

 Working practice are fully integrated

Integration

Analysis
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Caterpillar stand out because no one else offers a control system in the form of a multijoystick solution 

(figure 3.5). Caterpillar has combined all the functions that the previous levers had into two joysticks. 

This makes it easier to control the grader. It also gives, according to Caterpillar (Caterpillar, 2012a) a 

higher efficiency and less strain injuries. The functions are partly naturally mapped. For example the slide 

shift to the right is made by a press to the right (figure 3.5). Something that Caterpillar missed is the 

combination of natural mapping and physical ergonomics. For example the rotation of the blade is made 

by a twisting movement in the wrist; this is naturally mapped but not good from a physical ergonomic 

aspect. Another important feature and familiar product is the steering wheel, Caterpillar has removed it 

and the steering of the grader is handled by the joysticks. Problems occur in panic situations because 

joysticks are not common steering devices in vehicles. Operators have a mental model of how the steering 

wheel works but no corresponding model for steering with joysticks.  

 

Figure 3.5: To the left is the left joystick and in the middle the right joystick and to the right the right hand side 

joystick and a fingertip control. (www.caterpillar.com) 

John Deere has completely abandoned the use of levers for steering the grader and is using joysticks 

instead. However their constructors have not integrated several functions in two joysticks like Caterpillar; 

instead they have replaced the levers with joysticks (figure 3.6). They have chosen to keep the steering 

wheel which Caterpillar removed when the new joysticks were installed in their graders.  
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Figure 3.6: The interior of John Deere’s GP-series (www.johndeere.com) 

Veekmas also use a joystick solution instead of the levers (figure 3.7). But unlike Caterpillar they have 

chosen to keep the steering wheel. They have also chosen to add buttons close to the joysticks for easy 

access.  

 

Figure 3.7: The joysticks in Veekmas. 

A comparison between the different graders mentioned above with respect to equipment used for steering 

can be seen in table 3.1. 

Table 3.1: Shows the differences between the companies. 

  Steering Wheel Levers Joystick Integrated control in seat 

Volvo - G-series X X     

Caterpillar - 12M     X X 

Veekmas X   X X 

John Deere - GP-series X   X X 
 

The result of the benchmarking was that Caterpillar has taken the largest step away from use of levers. 

They are a step ahead of the competitors with their joystick solution. Veekmas also has a joystick but 

Caterpillar does not have extra buttons on the side of the control. Caterpillar has gathered all the functions 
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into two joysticks. The negative aspect of Caterpillars solution is the twisting movement when using the 

joysticks that could result in strain injuries in the wrists. John Deere is not even close to Caterpillar or 

Veekmas; John Deere have changed the levers and replaced them with joysticks closer to the seat. The 

gap between Volvo and Caterpillar is clear, Caterpillar has focused on a joystick solution to steer and 

operate the motor grader. This is a development in a technologic and intuitive way that supports the 

operator through the work shift (Caterpillar, 2012b). This has resulted in a big gap between Volvo and the 

bench leaders, due to the fact that Volvo still sticks to the levers.  

3.2.2 Other Markets 

During the benchmarking other markets, like agricultural machines and game consoles, were observed. 

This increased the possibilities to get a breakthrough (Camp, 1993). Using techniques that already exist 

and are used by professionals or other users makes the developing process easier. By observing different 

types of controls a good overview of how everything from helicopters to games can be controlled with 

different types of joysticks and operating devices could be obtained.  

Tractors and other agricultural machines have a well-developed system of joysticks (figure 3.8). It is also 

common for agricultural machines to use color cods and to follow a recognized standard where different 

areas or groups has one specific color. 

 

Figure 3.8: Different types of joysticks in agricultural machinery. 

The game console market is very broad. A common denominator is a good ergonomic grip with a good 

feeling to the hand and a small platform where the hand can rest (figure 3.9). That does not necessary 

mean that it gives a good ergonomic support for the entire arm, this depends on the placement of the 

joystick, how static the work is and if there is a good rest for the arm.  

 

Figure 3.9: Game joysticks with good ergonomic grips (www.pixmania.se) 
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Joysticks in helicopters are comparatively simple and do not have many buttons or symbols on them. 

Most of the symbols are placed on a dashboard in the front of the helicopter. The maneuvering is for 

example made natural and logical due to the fact that the helicopter goes in the same direction as the 

joystick. 

Another well-developed market that uses joysticks and other maneuvering controls are forest machines. 

They have a very sophisticated technique with a lot of different joysticks and controls that make the 

maneuvering easier and more intuitive. Almost all the companies have some kind of joystick controlling 

machines and tools. 

To summarize the results from what other markets use to control different equipment, tools and machines, 

a number of steering devices from different brands came up. The most common steering device is the 

joystick; it gives the user a seemingly easy way to control the system or the machine. However it is not 

obvious how the joystick should be moved.  A good steering device is hard to find, there is no standard 

for symbols in most of the areas and that gives the user some difficulties if a new machine should be 

maneuvered. For a layman this task is very difficult or even impossible with most steering devices. The 

symbols are hard to understand if the user is not familiar with the system or the machine  

3.3 Field Study 

The field study visits and interviews with the operators were held in a relaxed environment in the vicinity 

of the grader. As was mentioned in the beginning of this chapter a focus group was put together. The 

group meant as an advisory board consisted of operators of graders, forest machines and also an operator 

with experience from other types of construction equipment. All the participants of the focus group were 

young and potential users in the future. A concluding part of the field study was a product specification. 

3.3.1 Interviews 

Every interview was made with a single user of the motor grader. An interview template (appendix 1) was 

used as a support in the discussion with the operator. It was not necessary to follow the interview 

template; but instead use it as a support to open a discussion with the interviewed operators. This is called 

go with the flow (Ulrich & Eppinger, 2008). The questions in the interview template were written so that 

the operator could open up a discussion in a way a customer is supposed to do and underlying problems 

could be discovered. An example of a question asked was – Could you describe your dream motor 

grader? This question immediately started a discussion on what was bad with his/her present motor 

grader.  

The interviews were held with operators who had graders of different brands. The operator was either the 

owner of the motor grader or an employee, with at least three and as most 25 years’ experience with 

maneuvering motor graders. The ages of the operators were from 25 years and up. 

All the interviewed operators had physical ergonomic problems that resulted in tearing in the shoulders, 

neck and wrists; this was a big problem with the levers. One operator said that he had such a bad tearing 

problem in his wrist that he had to have surgery. The tension in the neck, shoulders and wrists could be a 

result of different factors such as vibrations and lack of support for the elbows. One factor to take into 

consideration is that small vibrations from the vehicle can give problems in the back, the muscles are 

trying to neutralize the vibrations and to do that the muscles are under constant tension (Hansson & 

Westerholm, 2004). Another factor is the lack of support for the elbows, when operating the grader; this 

makes the muscles that raise the shoulders work automatically. The joystick solution in motor graders 

gives better support for the arms and wrists, which according to the operators who used it gave less 

tension. The operators’ opinion about symbols on levers and joysticks became perfectly clear as a result 

of the interviews. They thought that symbols were unnecessary because when you have learned to operate 

the grader you do not look at the levers or the joystick; you pay all your attention to the blade to get the 

needed feedback (figure 3.10). 
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Figure 3.10: The protractor on the blade gives good feedback to the operator. 

There is also a lot of adjusting of the levers while operating the vehicle. Especially two levers are more 

used than the others and these are the ones that raises and lowers the right and left sides of the blade. The 

operators could feel if the blade was adjusted three millimeters in the wrong direction. Another 

observation that was made on the operators was that they mostly turn their heads around when they back 

the grader, instead of looking in the mirrors or the rear view camera. During the study it was also 

observed that the cab shook when the grader moved on rough surfaces. This was necessary to have in 

mind because the prospective actuator cannot be too sensitive to movement. All the interviewees wanted 

to keep the steering wheel; because it is such an intuitive product that everybody knows how to operate. 

One of the operators’ did not buy a Caterpillar because of the lack of a steering wheel. 

3.3.2 Focus Group 

The focus group was formed from next generation’s operators with different types of drivers.  In order to 

speculate in the next generation’s control. A broad overview of different markets not only that of motor 

graders was necessary. Therefore the group members were operators driving forest machines, motor 

graders and different types of construction equipment.  

The agenda of the focus group session was to start with a short presentation of the steering and 

maneuvering of the grader.  A discussion about pros and cons of the machine was done after the 

introduction. A good thing to follow after the introduction is to give some information about the 

competitors and their new products or functions, to show how the competitors have solved the same 

problem (Ulrich & Eppinger, 2008). This was continued in a discussion around how the existing 

maneuvering of the competitor’s machines functions and what the problems were and how they could be 

solved. 

During the discussion about the present steering on Volvo’s graders several ideas and comments came up. 

The focus group thought that the cab was old and outdated. Sometimes the operator even had to stand up 

in the cab to be able to get a good a visual control over the blade; this is very uncomfortable and not very 

ergonomic as the ceiling height in the cab is too small for an upright position of the operator. Another 

related problem is that the operator often turns around for observation when the grader is put in reverse. 

There is a camera system on the graders that is supposed to help with the maneuvering but it is difficult to 

get a good sense of how close to the obstacle in question the grader is. The joysticks from SVAB gave the 

impression that the tensions in arms, neck and back were all reduced. However, according to one member 

of the focus group his arms were never in a relaxed position. 

The discussion about the competitor’s graders resulted in a lot of new and inspiring ideas. Caterpillar’s 

new system with joysticks looks like that of forest machines. However on new forest machines the 
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operator logs in to his account and gets preknown installations in form of where different buttons are 

placed. The twisting movement could potentially give strain injuries. The “hand control” that Caterpillar 

uses, is placed on the right hand side of the seat (figure 3.5), and seems to be an easy control to use. Not 

only because of the placement of the hand but also because of the reduced movement of the hand and 

wrist. The visibility in Caterpillar is very good, but following Caterpillars example of removing the 

steering wheel was not interesting for the focus group. The feeling of safety and relaxation during 

transportation is very important and a joystick demands attention all the time. That was the opinion of the 

focus group. Forest machines have a small steering wheel that still works like a regular one but takes up 

less space in the cab.    On the steering system in the John Deere graders a question arouse whether 

accidentally hitting other joysticks was possible, when the ones in the front were used. This seemed to be 

a great problem that was discussed back and forth; the discussion resulted in that it should be dependant 

on how sensitive the joysticks were.  

Veekmas has put extra buttons on the side of their joysticks for even more functions. This arrangement 

made it possible to change the placement for the windshield wiper function into a close and comfortable 

range for the operator. 

Identified problems with graders in general: 

 Strain injuries in neck, shoulders and arms from the positioning of the arms when working with 

levers. 

 Outdated cabs. 

 Sometimes the operator has to take a standing position. 

 Ceiling height in cab is too low for standing. 

 Too much twisting of the upper body when the machine is put in reverse. 

 The SVAB control does not give a fully relaxed position. 

 Twisting movements in the wrists could give strain injuries. 

New and inspiring ideas for future concepts: 

 Twistable cab. 

 CAD-mouse – not too sensitive though. 

 Mouse scroll. 

 Easy adjustable chairs. 

 Voice control. 

 Stand outside the grader and steer like a radio-controlled car. 

 Be able to keep the hand still, more or less during a longer period. 

 Integrated air conditioning system in the levers/joystick. 

 No sitting in a forward leaning position. 

 More easy access buttons, close to the steering device/control. 

 Cruise control, to be able to keep the same speed on bumpy grounds. 

 Easy to find errors in electric systems. 

 Internet, to check error messages. 

As a final stage in the focus group meeting, the participants reported on their ideas of what tomorrow’s 

grader control should look like (appendix 2).  

3.4 Problem Analysis 

A single problem for a product is often too complex to solve and for that reason it needs to be divided into 

several sub problems (Ulrich & Eppinger, 2008). After the interviews and the session with the focus 

group the problem solving of the complexity of the machine was started using this method. Literature was 

used as a help to structure the problems and to separate them properly from each other (figure 3.11). 
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Exposing the sub problems makes it easier to understand the real problem. Sometimes focus is instead set 

on the effect of the problems (Ulrich & Eppinger, 2008). Using the method of problem decomposition we 

found three sub problems that seemed to explain why the motor grader is so complex (figure 3.11)   

 

 

Figure 3.11: The problem decomposition. 

Each sub problem had to be examined relating it to the grader, the operator and the grader environment.  

Like any other mechanical equipment used by man the motor grader is a machine were technology came 

long before somebody introduced the expression cognitive ergonomics. The development of graders has 

been from a technological point of view. That is what makes it difficult to maneuver the grader. The 

problems need to be solved from the user’s point of view, focus needs to be on the cognitive and the 

ergonomic aspects. The complexity and the intuitivity are, in this case, opposites and the link between 

them is to make the control intuitive. To make the control intuitive natural mapping and mental models 

has to be used. If the control is naturally mapped and the user has the right mental model of the product 

an immediate understanding of the product will be obtained.  

3.5 Product Specifications 

A concluding part in the preliminary study was a product specification (table 3.2), based on the 

information gathered from Volvo and the users. The specification is divided into two areas; requirements 

and desires. These specifications do not disclose anything about how to address the requirements and 

desires, but they represent what should be achieved (Ulrich & Eppinger, 2008). 
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Table 3.2: Product specification. 

Product specification 

  
Reqirement 

Metric 
No. 

Metric Units 

P
h

ys
ic

al
 

1 Support to arm and wrist Yes 

2 

Extension ≤76° 

Flexion ≤85° 

Radial Deviation ≤37° 

Ulnar Deviation ≤30° 

Te
ch

n
ic

al
 

3 
The direction of movement of each feature should be 
naturally related to the direction of the operation 

Yes 

4 Keep the steering wheel Yes 

5 Be able to gear up/down and steer with the control Yes 

  Desire 

  

1 
The control should be intuitive 

Evaluate with relevant 
group 

2 No extreme rotation in the wrist Evaluate prototypes 

3 No unacceptable angles in the shoulders, neck and arms Evaluate prototypes 

4 
Better overview of the blade 

Compare end result  
to levers 

5 
Group after function and use 

Separate machine and 
grader functions 

4 Concept Generation 

The goal with the concept generation phase was to generate as many product concepts as possible. By 

generating a lot of new concepts the ways of addressing the customer needs could be explored. The 

individual sessions and the group sessions were important parts of the idea generation phase. Working in 

groups during the idea generation phase is very common but it is also important to work alone to generate 

even more ideas (Ulrich & Eppinger, 2008). The background and the preliminary study was used as an 

input to the idea generation phase. 

4.1 6-3-5 Method 

The concept generation phase started with the 6-3-5 method. The 6-3-5-method is a creativity method 

where six people sit down together. These six people get one piece of paper each and on this paper the 

participants draw three different solutions to the problem that is to be solved. Each session is five minutes 

and after that the papers are sent to the next participant and he or she develops further on the previous 

suggestions. This method results in 108 new solutions (Wright, 1998). The 6-3-5 method was used on two 

different groups, students and staff from Volvo, and it was used because many new ideas are created in a 

short period of time. The 6-3-5 method gives the participants the opportunity to develop the ideas further. 

This results in up to six different solutions for each idea. Before starting the 6-3-5 method a short 

presentation of the motor grader was held to both groups. 
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4.1.1 Idea Generation with Students 

The first group consisted of students between 22 and 26 years old.  The group members did not have any 

experience or deeper knowledge about the grader. The session resulted in a lot of new and inspiring ideas 

with many different solutions; from steering the grader to maneuvering the blade: 

 Many resemblances to game consoles such as joysticks with multifunctions. 

 The possibility to steer the grader with the feet while maneuvering the blade with controls. 

 Rotary controls, scrolls and switch buttons. 

 Controls which are attached to the seat, hanging from the roof and able to maneuver the grader 

by turning the arm rests. 

 Each finger has its own function.  

 Many of the generated controls could be smaller and more convenient.  

 

4.1.2 Idea Generation with Volvo 

The 6-3-5- method was also done with people that works within different areas of the grader on Volvo CE 

in Eskilstuna. The session resulted in many new ideas. Three of them were found outstanding from the 

others with a new-thinking perspective. First; buttons that are integrated in the steering wheel and second 

and third; two different controls that look like a blade (figure 4.1). All these three proposals are not found 

at the market today and the possibility to realize them to get useful components for the grader made these 

ideas most interesting.  

 

 

 

Figure 4.1: The ideas that stood out at the 6-3-5-method. 

4.2 Compiling the 6-3-5 Method 

The ideas from 6-3-5 method were categorized in four main groups, Joysticks, 10 fingers and 10 

functions, Steering Wheel and Blade. To get the best aspects of each group an evaluation on positive and 

negative aspects was made: 
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Joysticks 

This group consists of common types of joystick solutions (figure 4.2). 

 
Figure 4.2: Four different types of joysticks. 

Joysticks are ergonomic, dependent on the form and also very practical because many functions are 

gathered in the same place. However, joysticks are not intuitive and the user does not know, in this case, 

which joystick controls what functions and movements. Therefore the Trial and Error-method is 

commonly used with joysticks. This method is time consuming and, in this project, it should be avoided - 

or better - forbidden to use. Instead the new control had to be intuitive, to shorten the time for the operator 

to learn how to drive the grader and so it had to be something entirely new. 

10 fingers and 10 functions 

A group with one function solution for each finger (figure 4.3). 

 

 

Figure 4.3: Three different 10 fingers and 10 functions ideas. 

10 fingers and 10 functions offers the operator an ergonomic position. But the human does not have the 

same movability in all the fingers and that can give the operator problems maneuvering the grader. The 

10 fingers and 10 functions group is not intuitive because it is not a functional model. 
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Steering Wheel 

The functions are integrated in the steering wheel (figure 4.4). 

 

Figure 4.4: Two different types of controls integrated in the steering wheel. 

This solution is a multifunction steering wheel with all the functions, represented as buttons and mini 

joysticks, integrated in the steering wheel. This gives a better view of the blade during the driving and 

operating. Problems can occur when the steering and the maneuvering needs to be done at the same time. 

To get this idea more interesting a blade should be integrated in the steering wheel. This will make the 

control easier to understand and learn. The buttons and mini joysticks are not as intuitive as the natural 

mapped control that looks like a blade. 

Blade 

The controls in this group look like the motor grader’s blade (figure 4.5). 

 

Figure 4.5: The blade solutions. 

Blade is a group where all the solutions look like and move like the motor grader’s blade, which makes it 

very intuitive. The great potential to make this group more ergonomic, both physical and psychological, is 

a positive factor. Something that can be negative is if there is bad movement in the wrist. 

The ideas arising from the meetings together with different groups mentioned earlier and where the 6-3-5-

method was used were discussed with staff members from Volvo CE. The results from the discussion 

were that the solutions with many mini joysticks and buttons should be avoided. The main reason was 

that using mini joysticks would not be not new-thinking. The solution with mini joysticks would only 

follow in the footsteps of the benchmarking leader and Volvo ought to take a big step forward introducing 

something new on the market. The mini joysticks and buttons are not an intuitive solution to the stated 
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problem; they lack natural mapping and intuitiveness. To be able to give the operator an intuitive product 

it is important to use the design, form and shape, to make the product speak for itself. How to group 

functions and use color codes was discussed. Color codes are common in agricultural machines and make 

it easier for the operator to find the different functions. By collecting the most common functions in one 

group and the extra functions in another the usage of the motor grader will be easier. The functions were 

grouped into two groups; one called the main group and the other extra functions. The subdivision was 

made according to Easterby’s and Zwaga’s (1984) way of grouping frequency of use (table 4.1). The 

main group includes the functions that are most popular and was placed on the right hand side of the 

operator whilst the extra functions were placed on the left hand side of the operator. 

Table 4.1: The groups; main group and extra functions. 

Main group Functions Extra functions Functions 

Blade lift, left and right side 2 Articulation 1 

Moldboard slide 2 Front mounted attachments 1 

Tilt 1 Ripper 1 

Circle turn 1 Front wheel lean 1 

Sum of functions 6 Sum of functions 4 

4.3 Wish and Wonder 

Wish and wonder is used as a helpful hint to start generating good concepts for a subproblem. The 

generation starts with a person saying “I wish we could…” or “I wonder what will happen if...” (Ulrich & 

Eppinger, 2008). This helps the group to stimulate new possible solutions and ideas. Here the method was 

used on problems regarding physical and cognitive ergonomics. 

Three examples using Wish and Wonder follow; 

”I wish we could make the control as physically ergonomic as possible” 

 The operator could change position, for example from sitting to standing 

 Everything could be adjustable to fit the operator 

 Supports, that gives good reference points 

 Use armrest 

 Support the hand and wrist 

 The seat should be used more than before, with the levers 

 The control could be put in the armrest 

 

The support to the hand was something that came up at all times and it was always shaped like a sphere. 

A control attached to the armrest is more comfortable for the operator than the already existing solution 

and the use of the armrest and the backrest will give good reference points in the cabin. A physical 

ergonomic position that gives the operator some variation would be perfect. A solution to that was an 

application, for cell phones, that could maneuver the grader. The idea is based on that the operator holds 

and moves the cell phone like the motor grader blade.  

“I wish the control was intuitive” 

 Look and move like the real blade 

 Give an immediate understanding of how it works 

To make this wish come true the control must look like the blade and also move like the blade. This was 

supposed to give the driver an almost immediate understanding of how the grader should be operated and 
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also shorten the time of learning. It is difficult to estimate the degree of intuitivity by means of a sketch 

on a paper. Instead physical models were made so that the test persons could grip and test the models. 

This is the next type of idea generation that is integrated with the concept selection. The models were 

made in clay and tried out by different people. After the tests the models were further developed and new 

models were made. To work with the hands and make physical models is also a kind of idea generation. 

New thoughts and problems, which did not appear in the drawings, were solved.   

 “I wonder what happen if the intuitivity and the physical ergonomics wishes were in the same 

control” 

This is a core question of the project and so it is very important but also most difficult to describe in 

words. Instead individual sketches were made. These sketches should include different combinations of 

physical ergonomics, intuitivity and even the combination of functions. 

The balance between intuitivity and ergonomics was investigated. Figure 4.6 shows how the intuitivity 

meets the ergonomics when looking for a grip to regulate the blades.  Finding the right balance between 

ergonomics and intuitivity was difficult; the best ergonomic and comfortable concept was a control that 

looked like a handle, with an organic form, and the most intuitive control was a miniature of the motor 

grader’s blade, although not necessarily with sharp edges. 

 

Figure 4.6: The ergonomic meets the intuitive  

Rotation of the grip, in the way the blades rotate, was not good from a physical ergonomic perspective. A 

control or grip that moves like the blades causes extreme rotations in the wrists. That is uncomfortable for 

the operator and takes also extra time. 

4.4 Summary of Concept Generation 

As the possibilities of improving the motor grader are numerous the time spent on the idea generation 

phase could have been very long. However after the application of a few different methods of idea 

generation the direction in which to proceed was chosen. The direction was chosen in concert with staff 

members from Volvo and the focus group and resulted in the categories; blade and steering wheel. After 

the selection these categories were further more developed. 

 

Ergonomic Intuitive 
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During the idea generation phase the chosen ideas were evaluated and developed in a new loop with even 

better focus on the problem. This might give enhanced possibilities to solve the problems (figure 4.7). 

 

 

 

 

 

 

Figure 4.7: The loops in the idea generation phase. 

Weaknesses with the idea generation phase was that the problems could have been more explored and 

other interesting points of view could have been taken in consideration, like how nature solves these type 

of problems. This could have broadened the mind into even more radical solutions. 

5 Concept Selection 

To be able to determine which one of the categories from the 6-3-5 method that answered best to the 

specification and was worth to work on further, different types of concept selection methods were 

implemented. After each selection the concepts were further developed and combined with previous 

concepts to form a new concept generation (Ulrich & Eppinger, 2008). Concept selection is a process of 

reducing the number of concepts under consideration (Ulrich & Eppinger, 2008). By using many 

selection phases further development of the concepts was possible and new ideas could be implemented 

in the product. Three concept selection phases were done before the final concept was selected. 

5.1 Concept Screening 

To start the concept selection the method of concept screening was chosen. The purpose of concept 

screening is to diminish the number of concepts quickly (Ulrich & Eppinger, 2008). 

Three groups from the idea generation, Joysticks, 10 fingers and 10 functions, Steering Wheel and Blade, 

were chosen to see which category/categories should be developed further. Applying the screening 

method might also tell whether the categories fulfill the requirements i.e. if the project proceeded in the 

right direction.  

Two tables (tables 5.1 and 5.2) were used with the concept screening method; one where the categories 

were compared with the levers in the Volvo grader and one where comparisons were made with a 

competitor, in this case Caterpillar’s joystick. The reference was given a score of zero and when the 

comparisons between the different categories are made a plus or a minus is given to them. The plus 

indicates a better solution than the reference and the minus indicates a bad solution compared to the 

reference. By adding the pluses and minuses the score will indicate which solution is better than the 

reference.  

Intuitive - the control gives the operator an immediate understanding of the product. 

Ergonomic - the control has good physical ergonomics. 

New thinking – this type of control does not look like or resemble anything on the market today. 

Concept generation Concept screening Concept selection 
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Robust - the operator should get a feeling of support and quality. 

Good reference point - the control gives support for the hand. 

Easy to maneuver - the operator is able to keep the same positioning of the hand throughout the work 

shift. 

Table 5.1: The comparison between the categories and the levers. 

 

Table 5.2: The comparison between the categories and the competitor. 

 

The comparison with the levers gave rank one to the Blade and the Joystick and in the comparison with 

the competitor the Blade, Joysticks and Steering Wheel got the highest rank. The categories that were 

further developed were Blade and Steering Wheel. The reason for that choice was that joysticks already 

exist on the market and Volvo wanted to take a step ahead. The steering wheel is a most intuitive product, 

everybody has used it sometimes.  After the concept screening the selected categories were further 

developed. The ideas from the 6-3-5 method were used as inspiration and the ideas that were new and 

intuitive were used and put together into concepts. The concepts were sketched in individual sessions and 

resulted in 14 new concepts (appendix 3). 

A (reference) B C D E

Selection Criteria Levers Steering Wheel 10 fingers, 10 functions Joystick Blade

Intuitive 0 0 - + +

Ergonomic 0 + + + +

New thinking 0 + 0 + +

Robust 0 + - - -

Good refenrence point 0 + + + +

Easy to maneuver 0 - - + +

Sum +'s 0 4 2 5 5

Sum 0's 6 1 1 0 0

Sum -'s 0 1 3 1 1

Net Score 0 3 -1 4 4

Rank 4 2 3 1 1

Concept Screening - Levers

F (reference) G H I J

CAT Steering Wheel 10 fingers, 10 functions Joystick Blade

Intuitive 0 0 - 0 +

Ergonomic 0 - + 0 +

New thinking 0 - - - +

Robust 0 + - 0 0

Good reference point 0 + 0 0 0

Easy to maneuver 0 - - 0 0

Sum +'s 0 2 1 0 3

Sum 0's 6 1 1 5 3

Sum -'s 0 3 4 1 0

Net Score 0 -1 -3 -1 3

Rank 2 3 4 3 1

Concept Screening - CAT

Selection Criteria
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5.2 First Selection 

The first selection consisted of creating ideas from the selected categories; Blade and Steering Wheel. By 

making sketch models of the ideas the evaluation of them was easier and errors in the design could be 

discovered at an early stage of the process. The feeling for the hand could be evaluated, discussed and 

tested. 

5.2.1 Sketch Models 

Compiling all the proposals from the idea generation phase and putting the good ones together into 

concepts was the first step in the sketch model phase. The next step was to make physical clay models of 

the concepts (figure 5.1). By making physical models the functionality and the intuitivity were easier to 

evaluate, rather than looking at sketches. This way of working was used as an idea generation method 

because the visual and tactile aspects are important factors in this project. Working like this made the 

process iterative. 

 

Figure 5.1: Models of the further developed ideas from the idea generation phase. 

5.2.2 Evaluation of Sketch Models 

The evaluation was done at the Volvo CE office in Eskilstuna in collaboration with three of the staff 

members and two operators. The purpose of the session was to discuss the 14 concepts and to evaluate, 

from their point of view, which one of them was the most intuitive one. During the discussion different 

opinions about the concepts arose and the concepts got good and bad responses from the group. Four 

concepts were selected for the right hand side control; Handle, Hollow Blade, Sphere and Blade and 

Cross. These four concepts were further developed into functional models.  
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Handle 

The handle is very ergonomic and gives the operator a 

relaxed position for wrists and hands. It is also possible to 

angle the handle to give it a natural position in the hand, 

which prevents strain injuries. 

 

Hollow Blade 

This type of control is very intuitive and has natural 

mapping. There is a negative side of this concept and that 

is its non-ergonomic sharp edges. There is very much 

potential in the development of the ergonomic aspects. 

 

Cross 

This control has many degrees of freedom which gives the 

operator a good possibility to get a good final finish when 

grading. 

Sphere and Blade 

Sphere and blade is a little bit complex compared to the two 

previous concepts. It has more parts but the positive aspect 

is that many extra functions can be added to the control. The 

sphere gives a very good reference point and support for the 

hand. The reference point is important so that the operator 

has something to start from.  

 

The extra functions, on the left hand side control, were made like a mini motor grader, to be able to get it 

as intuitive as possible (figure 5.2); each part of the grader is represented in a button. This concept started 

a discussion whether the control had to look exactly like the grader to be intuitive or if the natural 

mapping is sufficient. The discussion resulted in a common view that natural mapping was sufficient.  

 

Figure 5.2: The extra functions for the blade and the grader. 
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To be able to evaluate the potential of the selected models and if they meet the main goals, good 

ergonomics and natural mapping, an evaluation was made (table 5.3). The concepts are more explained in 

appendix 3.  

Table 5.3: Evaluation of the 11 concepts. 

 

 

The Handle and the Sphere and Blade seemed to be the best concepts with respect ergonomics and 

natural mapping. The more comfortable solutions should of course be favored in the competition between 

the concepts. During the maneuvering the operator should not have to change the hand position to 

perform different functions.  The Hollow Blade was the most intuitive concept and had good natural 

mapping, the negative aspect of this concept was the ergonomic part. The idea of making the control a 

mental model could however be implemented on some of the other ideas. All easily designed and intuitive 

concepts with the proper functions were taken into consideration when developing the other concepts. 

Another aspect to study was if the solutions were good enough in comparison with SVAB’s joystick 

solution. To be able to do that the functions in the SVAB joystick should be implemented in Volvo’s new 

control (table 5.4). 

Table 5.4: Function description of the SVAB joystick. 

 

Ergonomic Natural mapping

1= Nothing that support the ergonomic aspect 1= Miss the natural mapping

2= The design of the concept support the ergonomic aspect but not perfect 2= Some natural mapping

3= The concept had a good ergonomic support 3= Good natural mapping

Evaluation of the 

concepts
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Other functions Main blade Ripper Front blade

Forward/Neutral/Reverse Up/down left/right side Up/down Up/down

Gear shift up/down Circle turn Angle Float

System activation Slide right/left Slide right/left Extra function

Steering Moldboard tilt on/off Extra function

Wheel lean left/right Circle side shift Extra function

Articulation

Float on/of right/left

Function Description



 
University of Skövde Development of an Intuitive Grader Control 
School of Technology and Society 2012 

 

 
 

30 
 

All the functions in the joystick from SVAB were divided into the two categories blade and machine. The 

ripper and front blade has many of the functions that the main blade has so these three groups were placed 

in one control. Changing from one system to another could easily be done with a button. The other 

functions that are more related to the machine were placed on the left hand side control. 

5.3 Second Selection 

The concepts from the first selection were further developed and resulted in seven new concepts. These 

seven concepts were presented to the focus group one at a time. After each presentation the concept was 

discussed and evaluated with pros and cons. The evaluated concepts were: 

 

 

 

Sphere with Blade 

This concept is an advanced version of the original Sphere 

and Blade. This concept, however, does not have as many 

components. But it still handles all the functions that the 

original does.  

Positive: The sphere is good from an ergonomic 

perspective. 

Negative: The grip is not natural; some pain in the hand 

occurs after a while and the blade is too wide.   

 

Hollow Blade 

This concept has the same functionality as before but in a 

more ergonomic way, it was inspired by the Handle. The 

Hollow Blade is formed more like a handle and the sides of 

the control are more modeled after the operator’s hand. 

Positive: Easy to learn, 

Negative: Too wide for the fingers,  

Comment: It should look more like a handle, softer shapes, 

something that is adjustable.  

 

Bean 

Bean is a further development of the Handle, the 

differences between the two is that the bean has a better 

grip of the control and a more relaxed hand position is 

possible. The thumb rests easily in the cut out area on the 

side of the control.  

Negative: Not a good feeling for the hand, difficult to 

perform all the functions, they flow together.  
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Hammerhead 

This concept has the same functionality as the previous, 

Stag Beetle. The only thing that separates these two 

concepts is the control of the blade. To control this concept 

the operator needs to use the thumb and the little finger. 

Negative: It feels like this control is most focused on sliding 

the blade to the right and left, the “thumb and the pinky”-

grip feels uncomfortable and unnatural.  

Note: Maybe it is better if more functions are in the bigger 

moves.  

 

Stag Beetle 

This concept is a combination of the Cross and the Sphere 

and Blade. The Stag Beetle has the good properties of these 

two concepts; the design makes it easy to move in different 

directions and gives ergonomic support. But for comfort 

and the ergonomic aspects the circle turn is moved to a 

button on the side of the control to reduce the tearing in the 

wrist. The fingers are used to operate the control. 

Negative: The edge in front of the up/down function stands 

in the way and makes the tilting difficult. 

Positive: The fingertip steering works fine and is very 

comfortable. For further developments on the concept 

should make the blade wider.  

 

Toad 

The Toad has a very ergonomic grip and a good reference 

point in the spherical design of the control. By using two 

buttons on the front of the sphere the raising and lowering 

function is less tearing for the wrists and gives less tension. 

Positive: Good ergonomics for the hand, feels like the 

operator can work long shifts in this position, it is fun with 

all the buttons. 
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After the evaluation with the focus group a function screening of the concepts were done. The functions 

on each concept were evaluated on how many functions that were naturally mapped (table 5.5). 

Table 5.5: The function screening. 

 

The developed concepts had all the required functions. The Bean and Stag Beetle had some functions that 

did not have natural mapping due to the fact, as mentioned earlier, that there was a mismatch between 
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Yes Yes Yes Yes Yes

Cross Blade 

The Cross Blade is a further development of the Cross. The 

Cross Blade is more ergonomic and gives a good support to 

the arm. It also gives a good reference point to the hand 

when operating the grader. The positive aspect of this 

concept is that it has many degrees of freedom.  

Negative: Too sensitive, the functions flow together, does 

not feel ergonomic 

Comment: It is important that it really looks like the blade.  
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ergonomics and natural mapping. Errors in the design were found in the screening such as the possibilities 

to perform an unwanted function by accidentally touching the device to reach another function. 

The focus group meeting and the function screening resulted in the decision that the Stag Beetle and the 

Hollow Handle were the concepts that should be developed more. The concepts sorted out had great focus 

on few functions but the Stag Beetle and the Hollow Handle had the same focus on all functions. The 

selected concepts had a better ergonomic grip and the functions were easily reached. Further development 

of the Stag Beetle and the Hollow Handle gave two functional models of the final concepts labeled 

MGC8890 and the U-Arch: 

MGC8890 

The MGC8890 (MGC = Motor Grader Control and 88 and 90 are the years of birth of the two thesis 

workers) is a further development of the Stag Beetle. It is designed to give the hand a good ergonomic 

position and support (figure 5.3). All the functions are naturally mapped, if the operator moves something 

on the control to the right, something will go to the right either the blade or the grader depending on 

which control is used (appendix 4). The MGC8890 is more focused on the use of the fingertips than the 

precursor and the design of it is new on the market. 

 

 

Figure 5.3: Functional model of the MGC8890. 

U-Arch 

The concept U-Arch (Shaped like the letter U and it also looks like an arch) is an ergonomic control. The 

inclination possibility (figure 5.4) of the control reduces strain in the wrists. It is a further development of 

the Hollow Handle. U-Arch is a combination of the Cross and the Hollow Blade. Refinements like a 

rounded form has been made for a more ergonomic and comfortable grip. Negative aspects of the 

concepts are that some of the extra functions needed, have to be implemented in the form of buttons and 

regulators (appendix 5). When steering the U-Arch big muscle groups are used. The design of the control 

has some resemblances to a joystick. 
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Figure 5.4: Functional model of the U-Arch. 

5.4 Final Selection 

The final concepts were evaluated with different evaluation methods; a combination of Norman’s design 

principals and Heuristic Evaluation and a Concept Selection Matrix. A high school class that study 

transport of different types of excavators and experts from Volvo CE evaluated the concepts using the 

methods mentioned. The selected high school class, with the ages of 17-19, had experience from different 

types of construction equipment but not graders in particular. However they might become grader 

operators in the future. This variety of people with different knowledge and background gave a good 

perspective on the control’s potential from different angles of approach. 

5.4.1 Individual Expert Evaluation 

The education officer M. Andersson at Volvo was the first expert to evaluate the concepts. He liked the 

U-Arch because of the good ergonomic feeling and the intuitiveness, it looks like the blade and moves 

like it. A problem that came up with both the U-arch and the MGC8890 was that the function combination 

to raise and lower both sides at the same time was missing. This problem was solved by moving one 

blade function to the left control. 

The researcher P. Piamonte from Volvo Technology evaluated the concept from an engineer’s point of 

view. He thought that the U-arch had good design but too many buttons; he argued that humans can only 

deal with seven buttons plus/minus two, adding more would confuse the operator. The MGC8890 was 

according to Piamonte something he had never seen on the market before and was very optimistic about. 

Piamonte thought that for that reason the MGC8890 was “outside the box” and an idea that was very 

much appreciated. He was of the opinion that the technical aspects would be difficult to solve on this new 

type of control. The slide functions on the control do not exist on the market yet. This is something to 

have in mind and find solutions to. 

5.4.2 Evaluation of Usability 

Norman’s Design Principles (NDP) (2002) was combined with Nielsen’s Heuristic Evaluation (HE) 

(1993). By combining them the evaluation could be specified to this project.  

HE is a way to evaluate the usability of concepts with a group of experts. The original purpose of the 

evaluation method is to evaluate computer interfaces but it can also be used on controls and buttons. The 

relevant part of the HE method, which was used in this project, is a list of commonly accepted heuristics. 

In the beginning long lists were very common and the evaluations were long and time consuming. Jakob 

Nielsen reduced the list down to ten requirements of how to evaluate designs (Nielsen, 1993). The 

original purpose of HE is to let experts evaluate computer interfaces, controls and buttons. Some of NDP 

are similar to parts in the HE and therefore the two methods were combined into one. The method was 
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also used on the high school students, so that first time users could be evaluated as well. By using the HE 

and NDP on them as well, the logic and understanding could be evaluated.  

The combination of the heuristic evaluation and Norman’s design principles: 

1. Make things visible 

2. Provide a good conceptual model 

3. User control and freedom 

4. The principal of mapping 

5. Recognition rather than recall 

6. Flexibility and efficiency of use 

7. Aesthetic and minimalist design 

8. The principal of feedback 

All of the steps were not implementable in this stage of the process; a couple of them were not selected 

because they were not relevant in this project.  

To perform the evaluation three groups were formed; two groups of experts from Volvo CE and one high 

school class. The purpose of the evaluation was to observe if the combination of the HE and NDP would 

be sufficient for the understanding of the controls. By observing the groups and the error they made 

during the evaluation made it possible to evaluate and change the problem areas on the control. The 

evaluation was run by a project leader. He asked the test person questions, a typical question could be: 

“How would you move the blade to the right?” The test person made a move that he/she thought was right 

and the project leader notified if the performed move was right or wrong without commenting. This type 

of evaluation resulted in that new errors in the design were discovered (table 5.6). Discussions on 

improvements were done afterwards with each group and many problems occurred with the U-Arch and 

its buttons. It was not very intuitive and the natural mapping did not work very well either. The 

MGC8890 worked much better and all the functions were naturally mapped which made the MGC8890 

intuitive.  

The evaluation with the high school class looked a little different. It consisted of four steps; presenting the 

motor grader, look at and try the functions of the motor grader, evaluate the controls and at the end an 

open discussion was held. The presentation of the motor grader consisted of explaining the functions of 

the levers and the motor grader’s possible uses. The evaluation of the controls was done by one student at 

a time because evaluating one at a time eliminated the possibility that one student might influence 

another. After the evaluation the students had an open discussion with one of the project leaders, a 

discussion about likes, dislikes, ideas and thoughts about the controls. The evaluation was expected to 

give answers to questions like: Is it enough to use natural mapping only? Which functions must be 

clarified and need a functional model? 
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Table 5.6: The final evaluation of the staff from Volvo and the high school class. 

 

 

The result (table 5.6) of the evaluation with the high school class and the staff at Volvo CE showed that 

the MGC8890 was the most intuitive one. The students liked the comfortable position on the U-Arch and 

the logic on the MGC8890. They were pushed to choose one of the controls to the motor grader and their 

choice was the MGC8890, except for Mikael Andersson. The staff at Volvo CE also selected the 

MGC8890.  

5.4.3 Concept Selection Matrix 

A weighted concept selection matrix is used when functions have different importance. The more 

important functions get higher weights in a form of percentage. By rating the concepts against a 

reference, in this case the levers, a score will be given. Each rating is multiplied with the weight and that 

gives a weighted score. By doing this a more accurate rank will be given (Ulrich &Eppinger, 2008). The 

reference is given a score of three and the concepts are to be compared to it. The scores are from one to 

five where one is much worse than the reference and five is much better (table 5.7). 
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Table 5.7: The weighted concept selection matrix with the U-Arch and the MGC8890.  

 

 

For a more exact explanation of the functions see appendix 6.  The concepts were weighted with respect 

to the specifications, requirements and expectations from Volvo CE (Discussion with R Sundkvist) and 

criticism given by operators. 

6 Final Concept 

Many different aspects need to be taken into consideration in the final concept phase. How should the 

product be manufactured? What materials should be used? To be able to answer these questions, the final 

concept needed to be further developed. The design was based on the ergonomics, anthropometry and the 

technical solutions and combining ergonomics, intuitivity and maximal functionality into one satisfactory 

solution. The anthropometry gave the dimensions of the control and to meet the specifications of a large 

target group an adjustable technology was implemented. The ergonomics and the intuitivity of the control 

is difficult to combine, the design of them are opposite to each other. This mostly depends on the 

differences in shapes and the ergonomic form is very organic whilst the intuitivity of the control is, in this 

case, very square with sharp edges (figure 4.6). The final concept is presented in a physical and digital 

model. The physical model shows the functionalities and the digital model will represent the design 

model. 

6.1 Anthropometry and Physical Ergonomics 

Many aspects, like ergonomics, need to be taken in consideration when developing a new product. A 

critical dimension when using the control MGC8890 was the length of the operator’s hand because the 

control must fit to the hand. The first step is to determine the critical dimensions of the population’s 

hands; in this case the International Organization for Standardization (ISO) was used. To set the controls 

dimensions the guidance ISO 3411:2007, Earth-moving machinery -- Physical dimensions of operators 

and minimum operator space envelope, was used. The percentile (for a more detailed explanation of the 

term percentile see www.antropometri.se) at the ISO standard is approximately 5% for the smallest and 

95% for the largest, according to ISO 3411 (table 6.1). The reach zone of the hand is important to know 

when it comes to how the control can be adjusted to fit all operators (Bridger, 2009). 

Score 1 2 3 4 5

Explanation Much worse Worse The same Better Much better

Weight Score Weighted score Score Weighted score Score Weighted score

Extreme rotation in wrist 3% 3 0,09 3 0,09 3 0,09

Ergonomic grip 15% 3 0,45 4 0,6 5 0,75

Ergonomic position (shoulders & wrists) 10% 3 0,3 5 0,5 5 0,5

Good visualisation of blade 3% 3 0,09 5 0,15 5 0,15

Often changing position 6% 3 0,18 5 0,3 5 0,3

Natural mapping 15% 3 0,45 4 0,6 5 0,75

Grouped functions 5% 3 0,15 5 0,25 5 0,25

Steering wheel 13% 3 0,39 3 0,39 3 0,39

Easy to maneuver 5% 3 0,15 4 0,2 5 0,25

Good reference point 5% 3 0,15 5 0,25 5 0,25

New thinking 8% 3 0,24 4 0,32 5 0,4

Intuitive 9% 3 0,27 5 0,45 4 0,36

Robust 3% 3 0,09 4 0,12 5 0,15

Sum: 100% 39 3 56 4,22 60 4,59

Rank: - 3 2 1

Levers U-arch MGC8890
Functions/Concept

Weighted Concept Selection Matrix
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Table 6.1: Values of the 5th, 50th and the 95th percentile user of Earth-moving machinery. 

ISO 3411:2007 

  Operator - Percentile 

  Small - 5th Medium - 50th Large - 95th 

Hand Length (mm) 170 190 207 
 

The length of the hand in an extended position is 170mm (2r) (ISO 3411:2007) and the angle of the arc in 

the hand in a relaxed position is 60° (v
c
) (Pheasant & Haselgrave, 2006). These measurements were used 

to calculate the length of the arc in the hand, the sector of the circle (equation 1 and figure 6.1) was used 

(Ekbom et al., 1997).  

     (1) 

 

Figure 6.1: The circle sector. 

The result of the calculations gave b=89mm. This measurement will be used on the clay model and CAD 

model. 

It should be emphasized again that in order to make a product accessible for a large population it must be 

adaptable and fit everyone. The front part of the control needs to be adjustable so that hands of different 

sizes can use the control. If the control does not have adjustable features the anthropometrical mismatch 

between the operator’s hand and the control might result in serious consequences for the driver. The hand 

of the driver will soon start aching and the work done will be worse (Bridger, 2009). Another aspect to 

have in mind when developing a new type of control is the normal positioning of the hand with specific 

angles in relaxed position (Pheasant & Haslegrave, 2006). The normal position of the hand, placed on a 

surface, is 90° in an up right position (figure 6.2). Were the finger is arranged like an arc of a circle with 

the angel of 60° (figure 6.3) (Tilley & Dreyfus, 2002). 
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Figure 6.2: The normal position of the hand, placed on a surface, is 90°. 

 

 

Figure 6.3: The normal positioning of the hand. 

It is interesting to notice that during the last few years the thumb’s strength and mobility has changed 

with the new inventions that people use. Today’s teenagers use their thumbs more frequently when 

writing text messages on their cell phones (Pheasant & Haslegrave, 2006). That means that the thumbs of 

the young generation should be stronger and the risk of getting attritional wear will be reduced. 

When the relevant dimensions of length and width of the operator’s hand had been found the final 

concept could be designed. To make sure that most of the ergonomic problems with the control were 

considered; contact was taken with a physiotherapist I-M (personal contact, March 27
th

, 2012). After the 

examination she told us that all ergonomic aspects seemed well reasoned with the control MGC8890. 

Supports for wrists and hands have been added on both controls (figure 6.4) to give comfortable 

positioning and good reference points.  

 

60° 
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Figure 6.4: The MGC8890 placed in the armrests. 

The controls were placed in the armrests; this gives a more correct posture from an ergonomic point of 

view. Figure 6.5 shows the differences in the seated position between an operator that maneuvers the 

motor grader with levers and an operator that maneuvers the motor grader using the MGC8890. The 

different seated positions were made in the software program Jack 7.0. The operator that maneuvers the 

motor grader with levers is seated in a forward inclined working position. 

 

 

Figure 6.5: The differences in a seated position between an operator that maneuver with levers and an operator that 

maneuvers with the MGC8890.  

6.2 3D CAD-model and Functional Model 

The model has an organic form, no geometric lines or angles, and therefore it facilitates to make it in clay 

(figure 6.6). When the model was finished, a 3D digitizing system was used on it to make reference points 

that can be imported into the CAD software program Pro Engineer 5.0.   

Maneuvers with MGC8890 

Maneuvers with levers 
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Figure 6.6: The clay model used to import points into the CAD software program. 

The CAD-model was used to show the design and the functionality of the control in an animation. The 

left and right hand control has the same shape but are laterally reversed (figure 6.7). All the functions on 

the controls are naturally mapped and grouped, and to enhance the groups, color codes were used. The 

functions that were related to the blade got a yellow color; the same as the blade and the functions related 

to the grader was given a grey color.  

 

Figure 6.7: Top view of the left and right control. 

Functions: 

All the functions are naturally mapped and give the operator an immediate understanding of how to 

operate the grader and which feature belongs to which function. To make the control more ergonomic and 

to agree with the anthropometric aspects some features are adjustable. The control is adjustable with 

respect to the length of the hand and the distance between the fingertip and the elbow. This project has 

been limited to focus on hands using the control. The best attachment of the control to the seat has not 

been considered. This decision was made in concert with Volvo CE.  

The 5
th

 percentile measurements are the minimum size of the control and it extends to the 95
th

 percentile 

(figure 6.8) of the ISO 3411:2007, Earth-moving machinery -- Physical dimensions of operators and 

minimum operator space envelop. 

http://tyda.se/search/laterally%20reversed
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Figure 6.8: The control in the 5

th
 percentile position and in the 95

th
 percentile position. 

 

Right side control: 

 

 

 

 

 

 

 

The left side control: 

 

 

 

 

 

 

 

 

Figure 6.9: The controls and their functions. 

  

1. Circle Side Shift Left/Right 

and Moldboard Tilt 

2. System Activation 

3. Slide Left/Right and 

Up/Down Right Side 

4. Circle Turn 

5. Float On/Off 

 

6. Up/Down Left Side 

and Articulation 

7. Wheel Lean and Gear Up/Down 

8. Gear, F-N-R 

9. Float On/Off 
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Degrees of freedom for each part on the right and left side: 

 

 

Figure 6.10: The degrees of freedom that the controls offer. 

6.3 Technical Solution 

A market examination of technical solutions for the functions of the control was done. The technology for 

these electronic components is well developed and there are many solutions for different kinds of 

movements. The large offer of electronics made it easy to find good components to the MGC8890. The 

investigation resulted in many possible technical solutions for the MGC8890. 

The “Blade function” needs to move up and down by pressing at one of the sides at the control’s “blade”. 

The control’s blade works like a seesaw, if the operator presses on one of the sides the other side will go 

up. The blade also needs to be able to move to the right and left in a horizontal plane. The technologic 

solution to these functions is an integrated joystick that moves in the same directions as the blade (figure 

6.11). 

 

Figure 6.11: The movement of the blade. 

Top: 

Front: 

Side: 

”Blade” 

Seesaw 

function 

Joystick 
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The part at the front of the control has a horizontal and vertical tilt function. This part can be pressed 

forward and backward and to the sides, left and right (figure 6.12).The “tilt functions” technical solution 

is an integrated joystick in the “tilt” that  can be moved in the four directions. 

 

Figure 6.12: The movement of the tilt. 

The technical solution for both of the parts is the same; the thing that differentiates them is the placements 

of them. The remaining features on the controls are displayed in figure 6.13. 

 

 

Figure 6.13: Technical solutions on the market today. 

All the technical solutions exist, in the right format, on the market today. This makes it easier to start 

producing the controls. 

6.4 Materials 

When choosing materials to be used to manufacture the product it is important to get a comprehensive 

view.  Energy consumption, materials used, recycling possibilities etc should normally be considered 

(Gröndahl & Svanström, 2010).  

Choosing a satisfactory material for a product demands good knowledge about materials. Usually the 

choice of materials for the product are discussed and decided during a meeting between the designer and 

the manufacturer.   Manufacturers often mix their own materials for a particular product but in this project 

an examination and overview of the common materials for this type of product was done first, the 

information is taken from CES EduPack (table 6.2). 

“Tilt” 

Joystick 

Buttons 

Automatic 

Gearbox 
Buttons 

Scroll 
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Table 6.2: Commonly used materials today. 

  PUR TPE ABS 

Qualities 
 

Soft  
Stretchy  
Easy Formed 

Soft  
Stretchy 
Easy Formed 

Hard  
Impact Resistant 
 

Recyclable No Yes Yes 

Instead of deciding on a specific plastic material for the control a specification of material requirements 

and qualities were made. The specification is divided in two material specifications, one for the support 

part and one for the movable parts in the front of the control. A soft and stretchy material on the support 

parts makes the control more comfortable. The material on the “blade” should be hard and robust. It is 

important to make a control that looks robust from materials that can stand the motor grader environment. 

Of course all materials should also be possible to recycle  

Requirements for the support material: 

 Soft 

 Stretchy 

 Easy formed 

 Recyclable 

 Possible continuous contact with a hand 

Material specification for the moveable parts in the front of the control: 

 Robust feeling 

 Heavy-duty 

 Continuous contact with fingertips possible 

 Recyclable 

6.5 Manufacturing Methods 

The manufacturing process for plastic is very similar to the one used in the metal industry. Plastics can 

relatively easy and in few steps be shaped into satisfactory products. The rather low temperatures in the 

manufacturing process make plastics easy to handle and the amount of energy needed is much less than 

the metal industry requires (Hågeryd et al., 2002), which is good for the environment The MGC8890 is a 

relatively simple product, it does not have many parts or complex features and suitable manufacturing 

processes will be presented in table 6.3. 

Table 6.3: Suggestions to manufacturing methods for the MGC8890. 

Process Qualities Rates of production Tools 

Jet moulding 
Complex shapes with a variety of sizes 
that reduces the need of subassembly.  

High Expensive 

Rotation die cast 
Large hollow parts with a relatively 
simple shape. 

Low Low cost 

Thermoforming Hollow and relatively deep cavities. Mediocre Low cost 

Plastic casting 
Simple or complex shapes produced 
with flexible tools. 

Low - 
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6.5.1 Manufacturing Cost 

According to R. Sundkvist, Cabs Commonality& Cost Manager at Volvo CE, (personal contact, March 

16
th

, 2012) the costs of producing different shaped controls in small batches, such as the motor grader, are 

not important. The differences in costs when producing small batches with different shapes are of no 

importance. The market for the controls is Scandinavia and parts of northern Europe. With these facts the 

left hand side control can look totally different from the right hand side control. The choice of making the 

controls mirrored was based on the ergonomic grip that the control provided. There is a possibility to 

make them identical but the size of the control would be significantly larger and the fact that the controls 

do not have the same features on both sides was compromises that could not be done. 

A discussion with V. Holmqvist, industrial designer at Volvo Product Design, was made about the design 

and functionality and how this affects the costs. Volvo’s profile is to give the best machine possible to the 

customer, operator and owner. This can be two different persons with different requirements, something 

that is good to have in mind. It is important to give the customer the best without extra costs. If this could 

be adapted in this project the control should be used in other machines too. This is something that this 

project not touched; focus is on maximal functionality and well-reasoned ergonomics. 

6.6 Future Developments 

The ergonomic problems cannot be solved only by changing from the levers to a control. Other aspects 

need to be taken in consideration such as the seat and the possibility to make it more adjustable. By taking 

short breaks and making big movements, large muscle groups’ gets to work and the blood circulation will 

increase. During the interviews and the preliminary study none of the operators took short breaks during 

working hours and that is very bad from an ergonomic perspective. By implementing something that 

forces the operator to make a big movement could actually be a good way to prevent attritional wear. 

Another solution could be to have adjustable armrests and a more adjustable chair; maybe a chair that 

allows a more standing position for the operator but still give the support in the bottom. 

The ergonomic problems cannot be solved only by exchanging the levers for a control.  An adjustable 

seat fitting better to every operator would be an improvement. A chair that allows for a more standing 

position for the operator but still gives enough support for the back could be an alternative driving 

position. 

The operator ought to take short breaks from driving the machine to do some physical training and let 

his/her muscles work. According to what was found from the interviews and the preliminary study none 

of the operators took short breaks during working hours. That is not acceptable from an ergonomic 

perspective. Implementing compulsory breaks with physical movements for all the body of the operator 

could actually be a good way to prevent attritional wear. 

By implementing something that forces the operator to make a big movement could actually be a good 

way to prevent attritional wear. Another solution could be to have adjustable armrests and a more 

adjustable chair; maybe a chair that allows a more standing position for the operator but still give the 

support in the bottom. 

7 Discussion 

Interviews with operators were most valuable.  The preliminary study was at first planned to include 

many more meetings with operators of different cultural backgrounds. Both lack of time and money 

changed this planning. A better contact emerged with the visits compared to the telephone interviews 

where the personal touch is not the same. Body language and facial expressions could help to ask guiding 

questions to the operators. This lead to a deeper discussion of the problem and that resulted in that small 

problems that only the operators think about appeared. The variety of ages and years of experience of the 

interviewees gave a broad view of the problems with attritional wear from which many operators suffer. 
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During the interviews a template was followed with prepared questions that were supposed to be 

answered. The “go with the flow” method from Ulrich & Eppinger (2008) was used. At first the operators 

did not give any negative critic to the motor grader but as the discussion continued, they were talking 

more openhearted and more and more problems were discovered. Two great problems with the levers are; 

firstly the difficulty to understand how to use them and secondly their bad adaptation to an ergonomic 

posture for the operator. The levers are not naturally connected to the blade of the grader. The positioning 

of the levers gives attritional wear on the shoulders, neck and wrists. Some operators thought that the 

vibrations in the vehicle have been ignored for too long. Other drivers meant that attritional wear should 

not be accepted.   

During the benchmarking phase of this project observations were made of controls used with very 

different mechanical and electronic equipment and machines from games to agriculture. From controls 

used to play games for example to handle a model aircraft we got an idea that gave the direction in which 

to proceed with this project. Why not make a control that looks like and behaves as the blade of the 

grader? Would this control be too different from normal controls to be accepted by constructors and 

operators?  

Our radical idea was further based upon the following thoughts and observations. With all the new 

technologies like touch screens and cell phones that especially young people use, the fingers will be 

stronger because they are more frequently used. Joysticks today do not have natural mapping and by the 

first glance they are difficult to understand. The parts of the joysticks that are not easily understood are 

compensated for by means of symbols or short explanations put on the stick or nearby. The symbols 

could be needless with a proper design and the time to learn how to operate the grader should decrease. 

With agricultural machines color codes are commonly used and there are standards for which colors 

should be used on certain levers. Again color codes seem to be an excuse for not designing the products 

right from the beginning.  

So why not design a product that does not need symbols? The benchmarking leader, Caterpillar, is on 

good way to succeed. Caterpillar’s control might be apprehended as a preconceived image about how the 

control should look. This gives limitations to the design and how the functions are presented. 

Preconceived images of multifunction joysticks and buttons were also met in the interviews and in the 

focus group; these kind of modern things are popular and give cool feelings.  

Our idea seemed to be almost free from old thinking. Considering more the intuitive and ergonomic parts 

of the control might be simpler with the blade than with the competitor’s joystick. It would be a big new 

step if it worked.  

It should have been desirable to get feedback from all the interviewed operators on our idea but lack of 

time made it impossible. 

The focus group put together after the interviews brought a lot of wisdom and information to the project. 

The ages of the participants in the focus group were low and the acceptance for new technical solutions 

was high. The approval of this group consisting of young operators to a new control was of course 

necessary. 

The focus group will gather again at the evaluation to give feedback on the chosen concepts in concert 

with staff from Volvo An idea generation was done where everything from steering the grader with your 

eyes to using a joystick came up. Several different alignments were identified with the help of classmates 

and staff from the offices at Eskilstuna, Gothenburg and Shippensburg. After talking with experts in 

different areas and people that did not have any experience of the motor grader what so ever, the idea 

generation phase was finished and our project had got a wide perspective of the problem. The input that 

was presented had been taken in consideration and used as an inspiration so that all the input could be 

compiled. The positive and negative method was used to get all the good qualities from all the ideas that 
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later was combined. The negative qualities that were a result of the positive and negative method were 

avoided.  

The 6-3-5 method was done with two different groups and the information that was given to them was 

limited in the sense that only information about the functions of the grader was presented. The limited 

information was a conscious choice in the way not to constrain the participants and to let them think 

outside the box. 

Methods used in the concept selection phase have worked well in this project. People participating in the 

selection were all the way from high school students to a professor. This gave several approaches on the 

concepts and the usage of them. The possibility to visit grader operators was not a priority due to the fact 

that high school students are tomorrow’s operators and they still have an open mind for new controls. The 

reasons for not selecting buttons and joysticks were that A: as mentioned earlier, a step further needed to 

be taken to be able to compete with the largest competitors and B: to be able to solve the problem with 

complexity. 

The final concept is a new concept and a step forward. The goal with this project was to develop an 

intuitive control for a motor grader. The MGC8890 is naturally mapped as it makes the need of symbols 

unnecessary. It has been proven that the understanding of the functions is fast saving time for the 

operator. The improvement of the ergonomic aspects using the new control has been to reduce the 

attritional wear in the wrists, shoulders and back. The MGC8890 gives the operator a better posture since 

the control is attached to the armrest in the seat and the visual of the blade will be better since the levers 

can be removed. There is also a possibility to implement the solution to other machines, this could help 

even more operators from getting injuries. Negative aspects of the control are that the grouping of the 

functions had to be divided; one of the functions belonging to the blade had to be moved to the left side 

control. Also the control is designed to maintain a correct position, seated in a forward position, to get a 

better view of the blade. This could result in problems when the grader is put in reverse and the operator 

turns around to get a better visual. The dangerous twisting of the upper body could be removed with a 

twistable chair. 
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Appendix 1 

1. The interview template that was used on the operators: 

 Any buttons you have never used? 

 Where do you get most worn? 

 Do you experience pain and/or fatigue? 

 How many hours is a normal shift? 

 Dream scenario? 

 Worst scenario? 

 Do you own the machine? 

 How long experience do you have with the machine? 

o With levers? 

o Joysticks? 

o Brand? 

o Operated other brands? 

 Big difference between the brands? 

 Better or worse? 

 Have you heard of or have experience of the SVAB system? 

o What do you think about it? 

 Is there something you are missing? 

 What do you like the most about it? 

 Should the steering wheel be kept? 

 Other? 

 

2. The interview template that was used on experts (not operators): 

 How many do you sell every year? 

 What is the main area in which they are sold? 

 What area causes most of the problems? 

o Why do they cause problems 

 Which factors determine the customer satisfaction? 

 Where do you notice the competition? 

o Which company do you see as the largest competitor? 

 Dream scenario? 

 Worst scenario? 

 Should the steering wheel be kept? 
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Appendix 2 

The ideas from the focus group. 
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Appendix 3 

The 14 concepts from the first selection. 
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Appendix 4 

Functions of the MGC8890 

 

Appendix 5 

Functions of the concept U-Arch 
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Appendix 6 

Detailed information of the functions in the concept selection matrix. 

 

Functions Explanation 

Extreme rotation in wrist 
An extreme twisting rotation is not good  
for the wrists 

Ergonomic grip Have an ergonomic grip for the hand 

Ergonomic position 
Have a good ergonomic position in the  
wrists and the shoulders 

Good visualization of blade 
Be able to have a good visualization of the  
blade when maneuvering the blade 

Often changing position 
Have to change position to perform different  
types of functions 

Natural mapping 
Have a natural mapping to make the  
maneuvering of the grader easier 

Grouped functions 
Grouped functions to have for example the  
blade functions close to each other 

Steering wheel 
A steering wheel is important when driving  
in transportation mode 

Easy to maneuver 
Not have to apply to much force to maneuver 
 the control 

Good reference point 
Have a good reference point to use when  
using the control. 

New thinking 
Is the control new, does anything like it exist  
on the market? 

Intuitive 
Can you tell how to work the grader just by  
looking at the control 

Robust 
Does the control look robust, is it going to break  
if I accidentally hit it. 

 


