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Abstract 
This report is the result of a master thesis performed at MacGREGOR (SWE) AB (Crane 
Division), Örnsköldsvik. MacGREGOR (SWE) AB (Crane Division) is the world’s leading 
marine cargo crane supplier with cranes designed for operation in harbor and sheltered 
water environments. The project aimed to identify and investigate needs and problem 
areas in the crane cabin with the purpose to design an ergonomic and user-friendly 
driver environment. Besides ergonomics and user interaction, sturdiness, comfort and 
safety have been keywords throughout the project.  
 
It has not been possible to observe drivers at work because of the world wide location of 
the cranes. Therefore needs and problem areas were identified through interviews with 
personnel at MacGREGOR (SWE) AB (Crane Division) and analysis through different 
methods and softwares such as I-deas, Jack and RULA. The project group has also been 
given the opportunity to drive a crane and observe the relations between regulators, 
indicators and driver. To investigate new solutions and designs, competitors and related 
technologies were thoroughly analyzed.  
 
Four concepts were created after the design specification was established. To see how 
well the concepts fulfilled the identified needs they were evaluated in a merit calculation 
table. Concept 1 “Rotate all” and concept 4 “Office chair” were then compared in a weak-
point analysis. After consultation with the instructors at MacGREGOR (SWE) AB (Crane 
Division) it was decided that “Rotate all” was to be further developed.    
 
The final solution is a combination of new ideas and ideas from the four concepts in the 
concept design phase. Aspects considering function and form have been carefully 
thought out using theoretical guidelines in ergonomics, semiotics and gestalts. The new 
crane cabin emphasizes quality and a feeling for the company through colors, shape and 
placement. The new crane cabin is based on an adjustable interior suited for drivers 
between the 5th and 95th percentile. A major improvement is the rotating chair with 
integrated control levers on the armrests. The indicators and regulators are separated 
and now placed on the walls. The visual field is improved with a larger front window 
and a tilted floor window. 
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1. Development of driver environment in crane cabin  

1.1 Background  
MacGREGOR (SWE) AB (Crane Division) is the world’s leading marine cargo crane 
supplier with cranes designed for operation in harbor and sheltered water 
environments. The cranes are used to load and unload ships all over the world and are 
produced in different sizes (Figure 1). All cranes except the smallest model have the 
same cabin case. 
 

 

Figure 1. Cranes by MacGREGOR (SWE) AB (Crane division), (MacGREGOR Cranes, 2008)  

MacGREGOR (SWE) AB (Crane Division) is in a development phase where security is an 
important aspect to consider. The worldwide market of MacGREGOR (SWE) AB (Crane 
Division) requires a driver environment with international standards and a well 
thought-out interaction between the driver and the crane. The driver environment in the 
cabin has not been developed for many years and is in need of a more ergonomic and 
safe design.  
 

1.2 MacGREGOR (SWE) AB (Crane Division) 
MacGREGOR (SWE) AB (Crane Division) is a business area within MacGREGOR Group 
which enters into the world leader of cargo handling solutions, Cargotec Corporation. 
Hiab and Kalmar are also global market leaders within Cargotec Corporation. 
(www.cargotec.com, 2008) 
 
MacGREGOR Group was established in Whitlay Bay, 1937, on the northeast cost of 
England and is today a global market leader in engineering and service solutions. 
MacGREGOR Group is a global provider of marine cargo flow and offshore solutions. 
MacGREGOR Group offer cargo flow solutions including hatch covers, lashing systems, 
solutions for passengers and rolling cargo, dry bulk handling, offshore handling 
solutions, cranes, port and terminal solutions. (www.cargotec.com, 2008) 
 
MacGREGOR (SWE) AB (Crane Division) is part of MacGREGOR Group with the design 
and development office located in Örnsköldsvik, Sweden. They are a world leading 
producer of marine cargo cranes and sell their products to shipping companies. The 
majority of the companies do not use their own employees when driving the crane. Since 

http://www.cargotec.com
http://www.cargotec.com
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stevedores often drive the cranes not much attention is paid to the driver environment 
and little feedback is given to MacGREGOR (SWE) AB (Crane Division). (MacGREGOR 
Cranes, 2008) 
 
MacGREGOR (SWE) AB (Crane Division) will hereafter be referred to as MacGREGOR 
Cranes.  
 

1.3 Purpose  
The purpose of this thesis is to design an ergonomic and user-friendly driver 
environment including driving postures and eye-view. MacGREGOR Cranes is a 
worldwide company with users all over the world. The interaction between driver and 
crane therefore needs to be easy to understand. Detailed components and technical 
solutions will be determined during the project. The results will be visually presented in 
form of a 3D-model, made in the CAD (Computer Aided Design) software I-deas and a 
report with descriptions of the software and functions.  
 

1.4 Aim  
The goal is to establish an ergonomic outcome that would facilitate the handling of the 
crane. The interaction between the driver and the crane needs to be simple and the 
interface clear and distinct. The driver of the crane shall be provided with the 
information necessary for a safe handling of the product. 
 

1.5 Delimitations 
Delimitations for the thesis are set together with instructors at MacGREGOR Cranes and 
teachers at Luleå University of Technology. This is to be able to focus on important 
issues and to finish within the set schedule. 

 Only the fiberglass crane cabin with drawing number 189 4537 will be developed 
in this project. 

 The external back part dimensions of the crane cabin are given and will not be 
changed.  

 No economical analysis will be included. 
 The display placed in the cabin has a determined size and content and only the 

placement will be taken into consideration. 
 Only anthropometric measurements for Swedish standards are going to be 

considered. 
 No attention will be paid to support, service, assemblage nor recycling.  
 The 3D CAD model will not be a complete construction model.  

  



Ergonomic crane cabin 
 

- 9 - 

2. Theoretical framework 

2.1 Ergonomics 
The word ergonomics signifies the knowledge about work and the interaction between 
humans, work tasks and the surrounding environment. (www.av.se, 2008) Several 
elements have to be taken into consideration when developing an ergonomic working 
environment. The most important elements that are associated with difficulties in 
shoulders and neck are working posture, working technique, work-rate, job satisfaction, 
good physical health, body measurements, sight ergonomics, age and gender. (Bohgard 
et. al, 2008) 
 
An ergonomic optimal working posture should have a symmetric design. Being seated 
during work requires an adaptive chair and a footrest. Every worker, regardless their 
body sizes, should be able to sit down with the whole foot against the floor with an angle 
of 90 in the knee-joint. If the legs cannot reach the floor and the feet are hanging in the 
air, they can go numb. The same can occur if the depth of the chair is too big in relation 
to the thigh. The back shield should be adjustable for height and depth. In a seated work 
posture the hands should have the same height as the elbow. (Hultgren, 1995) The 
driver ought to be able to do all adjustments while seated. When armrests are necessary 
they should be around 200–250 mm over the seat. There are recommended dimensions 
for an adjustable chair (Figure 2). (Berns & Ivergård, 1979)  
 

 
A Height of the seat 390 - 540 mm 
B Width of the seat ≥ 420 mm 
C Depth of the seat  380 - 430 mm 
D Slope of the seat ≤ 4 
E Concavity of the seat ≤ 10 
F Width of the backrest 360 - 400 mm 
G Height of the backrest ≥ 220 mm 
H Height to the backrest-centre 170 – 220 mm 
I Radius of the backrest 400 – 500 mm 

 
 Figure 2. Recommended dimensions for an adjustable chair, (Berns & Ivergård, 1979) 

 
A vertical plane cutting the body in two equal halves is called the median plane. Any 
plane parallel to the median is called a sagittal plane and any perpendicular one is called 
a coronal plane. Movements in sagittal plane are in general called flexion and extension 
(Figure 3). Coronal plane movements are called abduction and adduction (Figure 3). The 

http://www.av.se
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flexibility of a joint can depend on the posture of adjacent joints. The hip for example is 
more flexible when the knees are flexed than when they are extended. There are little 
joint range data and statistics to find but in general women are more flexible than men. 
The flexion, extension, abduction and adduction in the upper arm all depend on what 
kind of work that is being performed and for how long the different positions and 
postures are held. A big abduction and adduction in the upper arm can lead to static 
strain in neck and shoulders especially if there is no arm support. (Pheasant, 2006) A 
static strain regards long-running strain without variation in neither muscle length nor 
power. Reduced blood circulation, tiredness and pain in the muscles are often symptoms 
after a high static strain. Low static strain do not give any acute damages but in the long 
run all forms of static strains result in difficulties and injuries in joints and muscles. 
Today’s society is characterized with low long-running strains which has made it 
obvious that the duration and the frequency are of great importance when talking about 
static strain. (Bohgard et. al, 2008) 
 

 
 

 

2.2 Anthropometry  
Anthropometry is the science of body dimensions and measurement. During the 
development process of products and working environments it is important to have 
knowledge of the human anthropometry. The relation between the workplace and body 
measurements decides the body position during work. (Hultgren, 1995)  

Products and working environments cannot be developed for a human according to 
average size because everyone has different body sizes. That is why different 
anthropometry measurements such as nationality, gender and age must be considered.  
(Hamrin & Nyberg, 1993) 
 
When using anthropometric measurements during work place development it is 
common to apply percentiles. Usually workplaces are designed for people between the 
5th and 95th percentile. This means that the work tasks are fitted for 90% of the 
population. It would be ultimate to design for 100% of the population. A chart showing 
anthropometric dimensions for the Swedish population is attached in Appendix 1 where 
all measurements are in a naked state without shoes, clothes and other equipment. 

Figure 3. Description of joint ranges. Fl=flexion Ex=extension Ab=abduction  Ad=adduction (after Pheasant, 
2006)  
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When using these measurements in a practical case it is important to consider what the 
personnel are wearing in shape of clothes and equipment. (Bohgard et. al, 2008)  
 
A bad developed working environment can influence human health, efficiency, safety 
and wellbeing. Fundamentally for anthropometry is space for movements, outreach, 
body position and muscularity. Anthropometric measurements can be divided into static 
and dynamic data. Static data describes dimensions and distances while dynamic data 
involves space for movements and outreach in specific situations. (Ericson et al., 1997)  
 

2.3 User interface  
Design should make sure that the user can figure out what to do, tell what is going on 
and make the products usable and understandable. It is important for the design to 
make use of the natural properties operating without instructions and labels. (Norman, 
2001) 
 
When designing a user-friendly product there are many aspects to consider. The 
following aspects are important when designing regulators: 

 The regulator should not be too heavy or require too much accuracy.    
 Have as few regulators as possible.  
 Strive for natural movements. 
 Make the movements as short as possible without losing the driver feeling. 
 Have resistance in movements. 
 Design so the hand/feet do not slide or lose the grip. 
 The regulator must give feedback when activated. 
 The regulator must be dimensioned so it can cope with high pressure for example 

during emergency situations.  
 Activate as many senses as possible. 

(Hamrin & Nyberg, 1993) 
 

2.3.1 Placement   
All regulators shall be placed and show information in a way that humans can expect. 
The operator should easily find the regulators without making any mistakes and 
regulators with common functions should be placed within groups. Separating the 
regulators by using different colors, lines to enclose and a hollow or convex part will 
facilitate this for the operator. They should also be placed after usage, for example from 
left to right. Written information should be positioned within eyesight and all marks and 
symbols should be placed above the regulators. This is especially important when 
designing emergency and safety details. (Ericson et al., 1997) These regulators should 
also be located within the closest area (Hultgren, 1995).  
 

2.3.2 Presentation of information 
It is important that the information given is correct and presented in the right amount. If 
there is too much information presented it might lead to an overload and there is a risk 
that the information drowns and disappears amongst it all. On the other hand a lot of 
mistakes are made because of the lack of information. To facilitate for the designer they 
could choose which sense/-s to present the information to. Visual information is the 
most common one. (Hultgren, 1995)    
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When the operator console only consists of visual information it is important that the 
information is big enough to read and understand. To lessen the strain in the eyes 
viewing distance to regulators should not be less than 33 centimeters and preferably not 
less than 50 centimeters. (Hamrin & Nyberg, 1993) The position of the neck and the 
head is set by the sight needed while working and the positioning of the observed 
objects (Figure 4). The recommended visibility area is moved if the neck is tilted. 
(Ericson et al., 1997) 

 

Figure 4. Recommended visibility area, (Ericson et al., 1997) 

Visual information requires distinct and easy readable signs and scales. There is also 
recommended proportions for characters and numbers (Table 1). (Ericson et al., 1997) 

Table 1. Recommended properties for characters and numbers, (Ericson et al., 1997) 

Character height = 1/200 legibility distance 
Character height for lower case = 2/3 character height for upper case letters 
Character width = 2/3 character height 
Distance between two characters = 1/5 character height 
Distance between character and number = 2/3 character height 

 
When information is presented to the eye it is often in form of symbols or pictures. They 
are easy to understand but do not give an exact explanation. Different shaped regulators 
are great complementary. It will increase the safety as well as facilitating for the visually 
impaired. An auditory presentation is also a great complement and discharger for the 
sight. (Hultgren, 1995) 
 

2.3.3 Color 
When designing figures and symbols, color is an important aspect since humans can 
distinguish millions of different colors. Depending on situation and assignment colors 
have unwritten rules and meanings. (Hamrin & Nyberg, 1993) 
 

 Red imply stop, fire and are often used to paint fire appliances and emergency 
stops.   

 Yellow indicates warning and can mark risks. 
 Green is used to describe safety, security and to show secure aid and protective 

measure. 
 Blue is applied during actuating devices and caution for start.  
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(Hamrin & Nyberg, 1993) 
  

2.3.4 Shape 
Regulators are with favor differently shaped depending on the task. All spikes should be 
designed with dimension, weight and stiffness well thought-out. (Hultgren, 1995) The 
relation between suitable regulators and user requirements are shown in Table 2. 
(Ericson et al., 1997) 

Table 2. Relation between actuators and user requirements, (after Ericson et al., 1997)  
Unsuitable: - -, Bad: -, Indulgent: +, Good: ++  

Regulators User requirements 
Speed Accurateness Power Extent 

Hand spike 
 Horizontal 
 Vertical 

o Towards – away from body 
 

o Across the body 
 Control lever 

 
++ 

 
++ 

 
+ 

++ 

 
- 
 

+ 
 

+ 
+ 

 
- 
 

++(long) 
-   (short) 

+ 
- 

 
- 
 
- 
 

- - 
- 

Pedals ++ - ++ - - 
Push button ++ - - - - - - 
Turntable alteration switch ++ ++ - - - - 
Joystick alteration switch ++ ++ - - - 

 
2.4 Senses 
The nervous system receives information about the situation in the human body and the 
world around it through its senses. The senses control the body and it´s various 
functions in an effective manner. Human beings would not have thoughts or feelings, 
and no information on actual events would be stored in memory without the senses. The 
human being has lots of different receptors all over the body. The receptors send 
electronic signals, stimuli, which the nervous system converts to information. The 
human body has of five senses; hearing, taste, touch, smell and sight. Combining senses 
while giving signals makes it easier to understand the information. (Haug et al., 1993) 
 
The sensory organs are bad absolute gauges but they are very sensitive to changes and 
relations. Blinking lights and abnormalities draw more attention than static lights and 
objects. This can become a problem since blinking lights and moving objects tend to 
distract the ongoing activity. On the other hand it is very effective as a warning signal. 
(Hultgren, 1995) 
 

2.4.1 Hearing 
Hearing is the most important sense for communication between people. Some 
information is better suited for hearing rather than seeing. The operator can for example 
be warned through sound when overcharged with visual information or not being able 
to pay attention at the control board the whole time. (Hamrin & Nyberg, 1993) The loss 
of hearing will give a sense of loneliness and isolation, much more than a loss of any of 
the other senses (Haug et al., 1993). 
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2.4.2 Sight 
Sight dominates when it comes to absorbing impressions from the environment. The eye 
holds 70% of the body´s receptors but with a rising age the sight and its functions 
deteriorates. Night vision, capacity to separate colors and image definition are examples 
of changes due to old age. (Hultgren, 1995) Color blindness is a state when people 
cannot perceive differences between some colors. It is most common for men; about 10 
% of the men suffer from color blindness compared to the women’s 0.5%. Most common 
is difficulties with red and green colors, which is called red-green color blindness. This 
syndrome is often depended on lack of rod cells and cone cells. (Haug et al., 1993) 
 

2.4.3 Touch 
The tactile organ in the skin conveys the direct contact between humans and the three 
dimensional world. Tactile senses gives information about shapes, surfaces and 
hardness among others. (Haug et al., 1993) 
 

2.5 Dazzling and acoustics 
A good luminous environment is a presumption in order to get correct information and 
to avoid eye tiredness. A healthy light in the workplace reduces the chances of accidents 
and raises the performing rate. A healthy light depends on color, illumination power, 
light distribution and anti-dazzle. Bedazzlement is one of the most important things for 
an optimized working light and can be divided into semi groups; directly, indirectly, 
contrast glare and adaption glare. (Hultgren, 1995) 
 

 Direct  
Light source straight in the eye. 

 Indirect  
Reflections in shiny/blank materials. 

 Contrast glare  
Dazzling because of big luminous differences. 

 Adaption glare  
Quick alternations between light and dark. 

(Hultgren, 1995) 
 
Dazzling light could result in eye complaint, headache and an increased chance of 
accidents. A dazzling light source is most disturbing in the middle of the visual field and 
least disturbing in the upper sight of the field. The angle between the light source and 
the direction of the eye should at least be 45 to avoid direct dazzling (Figure 5).  
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Figure 5. There should be an angle of at least 45 between the light source and the direction of the eye to 
avoid direct dazzling, (Hultgren, 1995)  

 
A high contrast in color or luminance is needed to increase the contrast between the 
objects and background. The limitation lines around small objects should have a high 
luminous gradient compared to the background for a clear make out. (Bohgard et. al, 
2008) 
  
Acoustics 
Every individual have different points of view whether a sound is wanted or not. Not 
wanted sound can also be defined as noise. Wanted sound for one individual can be 
noise for another and the same sound can become noise for the first individual 
depending on the circumstances. If the sound is desired or not depends on timing, 
duration, characteristics, importance of the information, strength of the sound and 
frequency compound. To measure noise overall is therefore not possible. When 
measuring the noise level the strength of the sound is often rated instead of rating the 
degree of the not wanted sound. The rating is done in a logarithmic scale, sound 
pressure level with the unit decibel (dB). The sound pressure level at work normally lies 
between 30 and 120 dB and an increase of 8-10 dB can feel like a doubling of the sound 
level. (Bohgard et. al, 2008)    
 
Hearing impairment is one of the most common functional limitations found in almost 
every business. Therefore hearing protection is important. The human ear itself can 
lower a sound up to 20 dB except impulse sounds. According to the European Union 
commission all workers must be provided with hearing protection if the sound level 
exceeds 80 dB. The daily noise exposure level can not by any circumstances be more 
than 85 dB, hearing protection included. The maximum sound level must not exceed 115 
dB with exceptions for impulse sounds. (Bohgard et. al, 2008)    
 

2.6 Gestalt  
When people look at pictures and gestalts, the first impression will be established by the 
whole and not by the details. (Johannesson et al., 2004) 

A gestalt can be described as an arrangement of parts which appears and functions as a 
whole that is more than the sum of its parts. The parts in the gestalt are gestalts alone 
but together in the whole they combine and influence each other. For example it can be 
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color, shape and surface finish. When these parts are combined they create a gestalt and 
an esthetic additional value. (Figure 6)(Monö, 1997) 
 

 

The Experience factor  
Recognize the shape from experience.    

 

The Common movement  
Things that are moving in the same 
direction create a gestalt.   

 
 

“The good curve”  
The eye allows us to see connections 
between lines, contours and curves.  

 

The Symmetry factor 
Figures that are symmetric create gestalts. 

 

 
 

The Similarity factor 
Figures with common properties appear 
to belong together and create gestalts. 

 
 

The Enclosedness factor  
Things that in some way are enclosed 
appear to belong together.  
 

 

The Area factor 
A small enclosed area appears as the 
object. The smaller area, the clearer is the 
gestalt. 
 

 

The Proximity factor 
Figures close to each other appear to 
belong together. The closer it is, the more 
given is the gestalt. 

Figure 6. Gestalts (after Monö, 1997) 

Gestalts can be transmitters and receivers and therefore it is important to create distinct 
signs. To create these distinct signs semiotics are used as language. (Monö, 1997) 
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2.7 Semiotics 
Semiotics is the study of signs and sign systems (Figure 7). Signs can be divided into 
three categories. (Monö, 1997) 

 

 
Icon  
Resemble what it symbolizes. Icon is the easiest sign to understand. 
 

 

 
Index  
The function gives the expression. 
 

 

Symbol 
An agreement between people. A symbol has no connection between 
appearance and function.  
 

Figure 7. Examples of semiotic symbols (after Monö, 1997)  

Semiotics can be divided into three parts (Figure 8). To see the communicative whole it 
is useful with semantics, syntax and pragmatics in industrial design work. To examine 
the communicative whole is as important as the technical and the ergonomic whole.  
(Monö, 1997) 

 
 
 
 

 

 

2.7.1 Semantics 
Semantic is the meaning of signs, how we understand signs and their messages. There 
are four semantic functions that are used for describing and analyzing an object. (Monö, 
1997) 
 

 Describe  
Describes the product´s function, purpose and how it can be used. Different 
colors, specific materials or shapes are some examples. 

 Express 
Express the product´s character. A product can for example express stability, 
speed, lightness or sturdiness. A tender product should not express sturdiness 
because it can lead to a heavy-handed use. 

 Exhort  
What should the product design exhort to? Should the product be used in some 
particular way? Lawnmowers for example exhort that you should not turn it 
upside down during use.  

 Identify 
Colors, design, shapes and signs describe the background of the product. A 
company’s specific color or shape can describe who´s behind the product. 

(Monö, 1997) 
 

Semiotics 

Semantics Syntax Pragmatics 

Figure 8. Semiotics and its subparts (after Monö, 1997) 
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2.7.2 Syntax 
Syntax is the study about relations between signs and how we relate signs together to 
create a meaningful result. It includes the relation between a product sign and all signs 
in the environment. A sign can be expressed on its own but also like a part of the overall 
sign. (Monö, 1997) 
 

2.7.3 Pragmatics 
Pragmatics is the study about the use of product signs. Who wants to use this sign? In 
what contexts are the signs used and how? What kind of sign is used? (Monö, 1997) 
 
 

  



Ergonomic crane cabin 
 

- 19 - 

3. Method  

3.1 Planning 
Product development needs a well thought-out plan, concerning organization and 
amount of time. The plan can change during the development process depending on the 
progress of work. (Bohgard et. al, 2008) 
 
The project is divided into smaller stages, where the content is clearly defined. Each 
stage has a responsible person with great knowledge in the field. (Hamrin & Nyberg, 
1993) A first time plan is set to evaluate the amount of time for different project phases. 
Time plans are often made as a Gantt-chart which makes it easy to read the activities 
initial and end points. The chart is drawn in a coordinate grid where the y-axis 
represents activity and x-axis time. An activity makes a horizontal line in the Gantt-
chart. (Johannesson et al., 2004) 
 
A project plan needs to include a clear and distinct goal. It facilitates when it comes to 
making the right decision in critical and troublesome situations. (Hamrin & Nyberg, 
1993) 
 

3.2 Problem analysis 
A feasibility study focuses on the background concerning design, competitors on the 
market and technology. During the problem analysis phase it is important to look at the 
problem from different angles and uncritically study many different solutions and 
presumptions. An analysis phase is used to avoid changes and redesigns in a later 
situation. (Johannesson et al., 2004)  
 

3.2.1 Relation analysis 
A relation analysis, also called link analysis, describes how a user physically moves when 
working. It can be a movement in the room but also a movement of the eye. 
Consequently a study can be done to see what is focused on during work, which 
regulators are being used and to survey the relation in handling actuators or technical 
systems. When analyzing effective placement of actuators, furniture and machines, 
relation analysis are successful in practice. Input is given through observations, 
interviews, manuals and instructions. The result show how often and in which order 
regulators are being used and which tasks are related to one another. Relation analysis 
is used to motivate technical design improvements and suggest how to simplify the 
work. Every step that the operators implement is sketched in a schematic layout of the 
workplace. (Bohgard et. al, 2008) 

 

3.2.2 Jack and RULA analysis 
The simulation and analysis software Jack can be used to evaluate products, work 
environments and work tasks. It can be used to visualize and animate important and 
critical moments. Visual field, strain and outreach can be studied in the software. When 
using Jack, attention must be paid to the user’s anthropometric measurements. 
(Siemens, 2008) 
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In Jack a RULA analysis, Rapid Upper Limb Assessment, can be applied on manikins 
placed in different working environments. RULA evaluate a workers upper limb 
disorders based on posture, muscle use, the weight of loads, task duration and 
frequency. It indicates the degree of intervention required to reduce the risk of an upper 
limb injury. The tasks that need the most urgent attention for ergonomic modifications 
are identified. RULA is used as a guide when designing and/or redesigning existing tasks 
and working environments. RULA uses a scoring system based on posture, muscle use 
and force to assign an action level to the evaluated task. There are six different action 
levels (Grand Scores).  
• Grand Score 1-2: Acceptable posture if not maintained or repeated for long periods 
• Grand Score 3-4: Further investigation needed, may require changes 
• Grand Score 5: Investigation, changes required soon 
• Grand Score 6: Investigation, changes required immediately 
(Siemens, 2008) 
 
The results of a RULA analysis can be used when designing for minimal risk of postural 
fatigue, discomfort or upper limb injuries. In addition to assigning an action level to a 
task, the RULA report breaks down the scores attributed to muscle use, load weight and 
posture. Separate scores for the upper arm, lower arm, wrist, neck, trunk and legs are 
included. The magnitude of these individual scores can help to identify the aspects of a 
task that are in the greatest need of modification. (Siemens, 2008) 
 
When analyzing joint angles and posture comfort Jack expresses flexion and extension in 
the shoulder through positive and negative angles on the upper arm (Upper Arm 
Flexion). Abduction and adduction are expressed with positive and negative angles 
through “Upper Arm Elevation”. (Siemens, 2008) 
 

3.2.3 Need finding 
Need finding involves finding out more about the needs, options and behaviors that 
influences the design (Hamrin & Nyberg, 1993). A useful method is to focus on the 
problems that are associated with the existing products. In the need finding process 
needs that has to be solved will be identified. (Bohgard et. al, 2008) Information about 
the current design can be gathered through interviews, literature studies, 
questionnaires, surveys and own experiences. This will help when establishing the 
design specification. (Hamrin & Nyberg, 1993)   
 
Semi structured interviews are used to find out more about the needs. In a semi 
structured interview questions are predetermined but the order of the questions can 
vary and follow-up questions are common. (Bohgard et. al, 2008)  
 
Unstructured interviews contain open questions asked to the interviewed persons 
which openly can talk about their opinions. The person interviewing has in this case the 
opportunity to control the discussion. This form of interview is most appropriate when 
the interviewer only has a vague knowledge about the current area. (Bohgard et. al, 
2008) 
 
To get a clear view of the compiled needs a need-weighting can be done. This is a 
graphical layout that describes and structuralizes the needs. A need weighting diagram 
is used to analyze and order the needs into a main function and sub functions. To clarify 
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the ranking of the needs they are weighed against each other in mathematical tables. 
Altogether the weight adds up to one. (Hamrin & Nyberg, 1993) 
 

3.2.4 Benchmarking 
Benchmarking is a way to find more information about the competitors. Information 
about what is available on the market can be found through observations, interviews, 
internet, libraries and questionnaires. Existing solutions and designs can be modified, 
improved and combined to make the new product as competitive as possible. The needs 
from the need finding phase are compiled with the products on the market in a 
benchmarking table. The result from this comparison will show how well the existing 
solutions and designs fulfills the needs. It is important to find out why certain solutions 
fulfill or do not fulfill the needs and how it would be possible to apply these ideas in the 
new design. (Hamrin & Nyberg, 1993) 
 

3.2.5 Related technology 
Investigating solutions and designs from adjacent technical domains can be helpful and 
inspiring. Information can be gathered through observations and literature studies. 
(Hamrin & Nyberg, 1993) 
 

3.3 Design specification 
A design specification contains demands and wishes for the planned product. Demands 
in the specification must be fulfilled otherwise the final solution will not be acceptable. 
The wishes should be taken into consideration whenever possible. The requirements in 
the specification shall not contain any suggested solutions. (Pahl & Beitz, 1996)  
 
A well-adapted design specification will result in lower development costs, better 
quality and knowledge transfer to the next product generation. It will also result in 
shorter development time thanks to fewer modifications that will be detected in an 
earlier stage. (Johannesson et al., 2004) 
 

3.4 Concept design  
Concept design is the first step towards a solution for a construction problem. Concept 
design can include a provisional product layout and descriptions in text, schedules, 
sketches and physical models. The first step in concept design is to generate possible 
solutions. This is followed by an evaluation and finally one or more concepts are 
selected. These concepts can be further developed in detail later on. (Johannesson et al., 
2004) 
 

3.4.1 Concept generation 
Concepts are generated in this phase of the product development process where the 
work is based on the design specification. Brainstorming is a method used to 
spontaneously create new and different concepts. It is done in a group of 5-15 people 
and a leader, with the intension to create as many ideas as possible. Quantity is more 
important than quality and thinking outside the box is encouraged. The group should 
brace each other to develop new ideas and combine different ideas with associations 
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from other group members. During brain storming no comments, negative nor positive, 
are allowed. (Johannesson et al., 2004) 
 
To structuralize the ideas from the brainstorming, a concept generating matrix can be 
useful. The results from the brainstorming are combined in the matrix and formed into 
different concepts. (Pahl & Beitz, 1996) 
 

3.4.2 Concept evaluation 
Concept evaluation will narrow the set of concept alternatives under consideration. A 
large set of generated concepts will be evaluated and winnowed down to a smaller set. 
The concepts are evaluated with respect to customer needs and by comparing the 
strengths and weaknesses of the sketched concepts. To get the best possible solutions 
these concepts may be combined and improved. (Ulrich & Eppinger, 2004) 
 
To be able to evaluate the concepts a merit calculation is useful. In a merit calculation 
the generated concepts are graded from zero to five to see how well they fulfill the 
needs. A five shows that the needs are fulfilled to 100 percent and a zero shows that the 
needs are not fulfilled at all. To calculate the merit, the grades are multiplied with the 
need weighting. (Hamrin & Nyberg, 1993) 
 

3.4.3 Concept selection  
One or more concepts will be further investigated, tested or developed through an 
evaluation process called concept selection. (Ulrich & Eppinger, 2004) Two concepts, 
normally the two with the highest merit, can be compared in a weak-point analysis. This 
method is used to graphically decide which concepts best fulfill the product needs. The 
needs that are rated as the most important (from the need weighting diagram) have 
wider columns. To facilitate the final concept selection a minimum requirement grade 
can be marked in the weak-point analysis figure. The concept with the largest area, in 
the weak-point analysis, fulfills the product needs the best. (Hamrin & Nyberg, 1993) 
The selected concept will be developed to a well working solution that fulfills the 
criterions in the design specification through a combination of ideas from the other 
concepts. (Johannesson et al., 2004) 
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4. Current solution 

4.1 Cabin case 
All driver environments are the same regardless of the crane size due to the module 
structure that is implemented on all cranes. The front part of the crane cabin is made of 
fiberglass and the back part of steel. The crane cabin case is attached to the crane house 
with three hinges. All walls are vertical while the roof is slightly tilted. Control panels in 
aluminum and steel are placed on both sides of the chair. There is a door on the back of 
the cabin used when entering. In case of an emergency there is an openable window 
with a ladder on the left hand side (Figure 9). The cabin case has seven windows which 
are distributed around the case. Three smaller windows, on each side of the cabin, are 
placed on top of three bigger ones. There is a window on the front part of the floor 
covered by a metal grid. The upper front window is a sash-window that opens to the left 
and is used as an additional ventilation hole and for communication with staff (Figure 9). 
There are two other vent holes in the cabin, one by the floor and one in the ceiling. A 
windshield wiper is positioned on the upper part of the bigger front window. A lamp is 
placed in the upper right hand corner behind the driver. Heaters come as standard 
equipment and are positioned below the right control panel in each cabin. The cabin 
case has a black exterior and a white interior. Important dimensions for the cabin case 
are shown in Appendix 2. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 9. Cabin case. The red box shows the emergency exit window and the blue box marks the sash-window 
(after Drawing 189 3547, 2004) 
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4.2 Interface and ergonomics 
The cabin is designed for drivers with an approximate height of two meters. The chair is 
positioned slightly to the right, to facilitate the entry, and is attached to an undercarriage 
fixed to the cabin floor. The driver can change the angle of the seat and move the chair 
back and forth into a preferable position. Not all the drivers can reach the floor so they 
use a box to place their feet on. An adjustable display with operation information is 
placed in the cabins upper left hand corner. Light indicators, push-buttons, control 
levers, switches and key switches form the indicators and regulators on the control 
panels. The regulators and indicators have symbols drawn on top of them and are placed 
on the control panels (Figure 10). On the wall to the right of the driver there is a detailed 
list explaining the symbols (Appendix 3). The left control panel can be rotated towards 
the driver when entering the cabin but the right one is fixed to the cabin floor.  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Symbols on each indicator and regulator are used to describe their functions and are 
developed according ISO standard (Figure 11). The light indicators have different colors 
depending what information they signal. Red lights indicate warning, yellow lights 
information and green lights clearance. The buttons “Deck light” and “Jib light” are push 
buttons indicated by white light.   

Figure 10. A top view of the cabin case. Control panels marked in blue and control levers marked in red (after 
Drawing 189 3547, 2001)  
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H1 
Do not operate 

 

S15 
Emergency stop 

 

H2 
Low oil level 

 

S16 
Deck light 

 

H3 
Check oil filter  

S17 
Siren 

 

H4 
Control system 
error  

S18 
Jib light 

 

H5 
High oil temp 

 

S19 
Float switch  

 

H6 
Overload  

S20 
Parking of jib 

 

H7 
Load step limit 
  

S21 
Cable winch pay 
out 

 

H8 
Hoisting limit  

S22 
Wiper 

 

H9 
Grab closed  

S23 
Cab light 

 
S10 
Grab man/auto 

 

S24 
Cab heater 

 

H11 
Stop grab  

S25 
Fan 0/1 

 

H12 
Start permission 
crane  

S26 
Cargo/Grab 
handling 

 

S13 
Start / Stop 

 

S27 
Warning light jib 

 

F14 
Reset wiper 

H- Signal device (indicators) 
S- Switches 
F- Circuit breakers 

Figure 11. Symbols used to describe functions on the control panel (after Drawing 224 0387, 2007) 
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There is a transparent acryl glass case on each control panel with descriptions for the 
control levers drawn on top. Figure 12 shows the symbols on the acryl glasses and it´s 
descriptions. These acryl glass cases are used as armrests and are not adjustable.  
 

 

  

The noise from the engines bounces into the cabin and reaches an average sound level of 
79.5 dB. The sound level changes depending on the load and weight. A driver working 
eight hours a day will be exposed to an average sound level of 76.3 dB. The maximum 
sound level measured in the cabin is 86 dB when hoisting at double speed with reduced 
load. (Appendix 4) 
   

4.3 Usage 
Sturdiness, clearness and simplicity are keywords for MacGREGOR Crane’s cabin. 
Anyone, regardless of prior knowledge, nationality or culture should be able to safely 
drive the crane. Because of the built-in safety system no mayor faults can occur when 
driving the crane with the control levers. If the load is too heavy for high speed gear the 
crane automatically switches to low speed. If anything unexpected happens the 
emergency stop can be used. The position of the load varies but is often straight ahead in 
the lower visual field. When the load is on the ground the driver needs to lean forward 
to be able to see it. Since the control panels are fixed to the floor the driver needs to 
operate with the hands behind the back.    
 
Before driving the crane the chair is adjusted and it is made certain that the driver 
knows the safety precautions. Regulators are used when necessary depending on 
situation and task. The control levers are used the entire time during the loading and 
unloading process in relation with the display. The display in the upper left hand corner 
is used to show information regarding speed, weight, outreach, possible operations, time 
and date. When moving the cargo the entire crane house is rotated which result in the 
same position of the head and neck. A common neck movement is when looking up from 
the cargo to the display. An analysis similar to a hierarchical task analysis has been done 
to structuralize and understand the tasks that are performed and to find a user friendly 
placement of regulators and indicators. Three possible scenarios have been thought out, 
analyzed and established in a diagram (Figure 13).   

 

Luffing out 

 

Luffing in 

 

Slew left 

 

Slew right 

 
Lowering 

 
Hoisting 

 

 
Low speed 
(max. 30 T)  

 
High speed 
(max. 12 T) 

Figure 12. Description of the symbols on the control lever (after MacGREGOR Cranes, 2008) 
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Figure 13. Diagram showing driving procedures of crane 

2. Start Crane 

2.2 Press Start button 2.1 Press Start 
permission crane 

0. Drive Crane 

1. Adjust chair 

1.1 Angle of chair 1.2 Horizontal 
position 

3. Maneuver Crane 

3.1.1 Switch to Grab 
auto 

3.1.2 Press Stop grab 

3.1.3 Switch to Grab 
manual 

Scenario 3.1 
”Autograb” 

Scenario 3.2 
”Night” 

3.2.1 Press Deck light 

3.2.2 Press Jib light 

3.2.3 Switch on Cabin 
light  

Scenario 3.3  
”Rain” 

3.3.1 Switch on Wiper 

3.3.2 Switch on Cabin 
heater 

3.3.3 Press Reset 
wiper  

3.4 Control levers  

4. Stop Crane 

4.2 Emergency Stop 4.1 Stop 
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5. Implementation 

5.1 Planning 
To maintain a structure in the product development process Sirius Masterplan was used 
as a template throughout the thesis. All stages of the product development were 
therefore implemented in optimal order and the chance of missing an important step 
was reduced. A Gantt-chart was made for the project and it shows the phases and 
milestones in relation to the overall course plan (Appendix 5). This structured 
development process facilitated for the project group to understand every step and 
decision. It also worked as a check list so no step was forgotten.  

Tutors and the examiner from Luleå University of Technology have, as agreed, 
continuously been informed monthly with the ongoing work from the project team. 
Meetings with the company's supervisor and instructors have been conducted 
semiweekly. To clarify responsibilities during the thesis team roles were set (Table 3). 

                      Table 3. Project responsibilities 

Job assignment Responsible person 

Construction/Design Manager Frida Nordin 
Presentation Manager Frida Nordin 

Documentation Manager Stina Olsson 

Planning manager Stina Olsson 

  
One goal in this project was to facilitate handling of the crane and provide the driver 
with the information needed to safely handle the cargo. It was very important that all 
improvements were ergonomically designed. Another goal was to present a result that 
satisfied both Luleå University of Technology and MacGREGOR Cranes in form of a 
report and 3D CAD-models. The project group wanted to, in the best possible way, work 
from initial ideas to a finished concept using methods and theoretic skills from the 
education.  
 

5.2 Problem analysis 
In order to look at the problems from different angles and absorb as much information 
as possible about the current solution, a problem analysis phase was implemented. The 
problem analysis included relation analysis, visualizations in Jack, RULA, reach-zone and 
eye-view analysis in Jack, need-finding, benchmarking and related technology. 
Information was gathered through interviews, manuals, drawings, photos and literature 
studies.  
 

5.2.1 Relation analysis 
The crane driver has a sitting working position and adjustes the chairs height and 
horizontal position after body size. The control levers, which are used almost the entire 
time, are placed on both sides of the chair and are tilted 100 mm when operating. This 
maneuvering affects wrists, shoulders and neck. When starting the crane the 
“Permission to start” button is pressed followed by the “Start” button. With help from 
the digram showing the driving procedure (Figure 13), a schematic layout of the 
workplace was sketched includning three scenarios (Figure 14). The colors and 
numbering show the different steps in the driving procedure. 
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In the first scenario all regulators are placed close to eachother in a group. As shown in 
scenario two the regulators are relatively close but not placed next to eachother and do 
not form a group. In scenario three the “Reset wiper” and “Wiper” are placed far apart 
on the control panel. In all three scenarios it is hard to understand which regulators that 
have similar functions. The regulators are not placed according to usage but after size 
and model. (Figure 14) Since all the indicators and regulators are placed on the control 
panels with the control levers in front, the driver’s arms cover them and the driver can 
have difficulties seeing information and signals. A common neck movement throughout 
the day is looking up from the cargo to the display and back at the cargo again.  
 

Scenario 1 Scenario 2 Scenario 3 

Figure 14. A schematic layout of the chair and control panels in the cabin. The right control panel is enlarged 
and illustrates the three scenarios (after Drawing 224 0387, 2007) 
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There is a lot of movement in the eyes and neck while loading and unloading cargo even 
though the visual field is mostly concentrated below the horizontal sight line (Figure 4). 
The driver has to see the load at all times so a good sight out of the cabin is crutial. The 
eye sight also comes to use when indicators are lit on the control panel. The neck, 
shoulders, wrists and eyes are in constant use all through the day whence tention can 
occur. The lower back is also exposed to tention because the drivers lean forward to get 
a better view when looking out the windows. 
 

5.2.2 Jack and RULA analysis 
To better understand the work postures and possible strain outcomes in today’s cabin, 
analysis in Jack was done on manikins sitting in the driver pulpit. The manikin 
dimensions in Jack are based on Swedish men’s anthropometry in the 95th, 50th and 5th 
percentile (Figure 15).  

 
 
 
The two most common work postures, in MacGREGOR’s crane cabin, have been 
evaluated through RULA analysis on the three manikins. The manikins were placed in 
the driver pulpit and positioned as realistic as possible. The first work posture shows 
the driver in a neutral sitting position with the back against the backrest, the hands on 
the control levers and the neck slightly tilted forward. The second work posture shows 
the driver leaning forward to look at the cargo through the front window.  
 
Analysis on the smallest manikin, 5th percentile, shows that he is too short to reach the 
floor with his feet in a neutral sitting position. The arms are almost fully extended when 
holding the control levers so the armrests cannot be used. The angles between the upper 
body and the arms are approximately 42 degrees. The RULA analysis shows a Grand 
Score of 4, when sitting in the neutral position, which means that changes may be 
required. The upper and the lower arm are exposed to more strain than any other part 
of the body. The second posture resulted in an upper arm flexion around -70 degrees or 
70 degrees extension. When leaning forward RULA shows that changes are required 
soon. The biggest difference is the strain on the trunk. (Figure 16) (Appendix 6 & 7)  

Percentile Height Weight 

95th 187 cm 99 kg 

50th 175 cm 78 kg 

5th 165 cm 62 kg 

 

Figure 15. Manikins used in Jack 
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In neutral sitting position the 50th percentile manikin just reaches the floor with his feet 
and has a 95 degree angle in the knees. The arms are not as extended as for the 5th 
percentile but the armrests can still not be used. The angles between the upper body and 
the arms are 37 degrees. This manikin has a lower Grand Score in the RULA analysis, 
then the 5th, but the work posture still needs to be changed. The analysis show 
improvement in the arm and wrist areas compared to the 5th percentile. When leaning 
forward the upper arm flexion is approximately -63 degrees. This posture has a Grand 
Score of 5 which indicate that changes in the work posture are needed soon. (Figure 17) 
(Appendix 6 & 7)  

 

 

The biggest manikin, 95th percentile, can place his feet on the floor with an angle of 88 
degrees in the knees. His arms are long enough to use the armrests with an angle of 27 
degrees between the upper body and the arms. Even though the 95th percentile manikin 
seems to have a relatively good working posture the RULA analysis show that changes 
may be required. In the second work posture the upper arm flexion is around -60 
degrees. When leaning forward to see the cargo, RULA show that changes are soon 
required even for this manikin. (Figure 18) (Appendix 6 & 7) 

Figure 16. Manikin in the 5th percentile in ”Neutral” and “Leaning forward” position  

Figure 17. Manikin in the 50th percentile in ”Neutral” and “Leaning forward” position 



Ergonomic crane cabin 
 

- 32 - 

 

When leaning forward all three manikins get high Grand Scores in the RULA analysis 
because the control panels, and by that the control levers, are fixed to the cabin.  
 
To see if the regulators are placed in a reachable area, a reach zone analysis was done on 
the 5th manikin’s right index finger, in the neutral sitting position. The reachable area is 
shown through a “wireframe ball” (Figure 19). The analysis was done to the 5th 
percentile because the smallest manikin has the smallest reach area and regulates the 
limits. Even though the manikin can reach all the regulators on the control panel, the 
arm needs to rotate around the back in an awkward angle to be able to regulate them.

     
 
An eye-view analysis, showing the drivers visual field, was implemented on the 5th 
manikin (Figure 20). Both the front corners are visible when looking at the cargo 
through the front window but the visual field differs depending on the angle of the neck, 
working position and manikin size. The driver’s visual field does not cover both the 
cargo and the control panel at the same time regardless of position and body size. When 
holding the control levers the arms cover parts of the control panels, which make it hard 
to see if the indicators are indicating something even though the visual field is set to the 
control panel.  

Figure 18. Manikin in the 95th percentile in ”Neutral” and “Leaning forward” position 

Figure 19. Reach zone with right index finger 
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5.2.3 Need finding 
Semi structured interviews with personnel at MacGREGOR Cranes have given 
information about the needs concerning safety, ergonomics and interaction between 
crane and driver. The interviewed personnel have driving experience, customer contacts 
and knowledge about construction and interaction between regulators and drivers. 
Observations of the crane cabin have been done several times throughout the project 
and the project group has also driven the crane. 
 
Unozon Plåt och Mekaniska AB produces and mounts parts of the crane cabins. 
Unstructured interviews and observations at Unozon Plåt AB gave more specific 
information about construction, control panels and materials.  
 
Needs that were identified during interviews and observations are presented below. The 
needs are not written in a specific order.  

 
 The driver always needs to see the cargo, wharf, deck and the closest 

surrounding. 
 Need of understanding signals and symbols regardless of location in the world 

and previous knowledge. MacGREGOR Cranes has a worldwide market that 
requires international standards. A majority of the drivers do not have any 
education so the crane must be self- instructing. 

 The driver has the need to see the content of the display. 
 All parts in the cabin need to be robust and steady because of the often careless 

handling from the drivers. 
 The placement of the indicators and regulators needs to be logical and 

ergonomically correct. 
 The driver has a need of an adjustable work posture. 
 There is a need to have all items fixed to the cabin case because of the theft risk.  

 
Need weighting 
A need weighting diagram was made after the needs were divided into main and sub 
functions (Figure 21). The needs were ordered in tables and ranked through fractions 
(Appendix 8). The fractions were used to complete the need weighting diagram. 
 

 Main function  Drive crane 
 Sub functions  Interaction 

  Safety 
  Ergonomics  

Figure 20. Visual field from inside the cabin, set on cargo 



Ergonomic crane cabin 
 

- 34 - 

  

See the cargo 

3/4 60/144 

Fixed items 

1/4 20/144 

 
 

 

 

Safety 

5/9 5/9 

 

Interaction 

3/9 3/9 

 

Understandable signals 

5/9 15/81 

Understandable symbols 

3/9 9/81 

 

See the display content 

1/9 3/81 

 

Drive crane 
 

1/1 1/1 
 
 

Ergonomics 

1/9 1/9 

Robust & steady parts 
 

3/16 3/144 

Placement of indicators 

5/16 5/144 

Placement of regulators 

1/16 1/144 

Adjustable work posture 

7/16 7/144 

777  Figure 21. Need weighting diagram 
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5.2.4 Benchmarking 
Information about other crane cabin providers on the market was gathered through 
visits to the port of Luleå and literature studies. The information was put together in a 
Benchmarking table where the needs, generated from the need-finding, were compared 
and evaluated (Table 4). The needs were graded according to importance and the 
competitor’s crane cabins were graded from one to five depended on how well they 
fulfilled the needs. Five stars show that the crane cabins fulfill the needs very well and 
one star show that they do not fulfill the needs.  
 
Table 4. Benchmarking table with grading of criteria 

 - Fulfill the needs very well  
           - Does not fulfill the needs  
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1 Understandable signals  5       

2 Understandable symbols 4       

3 See the content of the display 4       

4 
See the cargo, wharf and the closest 
surrounding. 

5       

5 Robust and steady parts 4       

6 
Logical and ergonomically correct 
placement of indicators and regulators 

5       

7 An adjustable work posture 5       

8 Fixed items in cabin 4       

 

5.2.5 Related technology 
An investigation was implemented to see if other related technologies could contribute 
to evaluation of the driver environment in today’s cabin. Trucks, tractors and 
agricultural machines were investigated.  
 
Trucks 
All adjustments on the chair, angle of seat and backrest, height and distance to pedals, 
are electronic. The buttons are big and robust with a small light indicating ON/OFF. All 
buttons have explaining symbols drawn on top of them. All symbols, figures and control 
units are easy to understand with its intuitive placement and function. Only the most 
important information is presented centrally on the dashboard. There is an integrated 
display in front of the driver with orange background and black font to increase the 
contrast and facilitate for the driver when looking at displayed information. The truck 
cabin has surrounding rear-view mirrors to see hidden areas. Some trucks have 
sunscreens surrounding the windows protecting the driver from direct sunlight. (Picture 
1) (Wist Last & Buss AB, 2008)  
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Tractors 
There are different sized and shaped control levers depending on task in the tractor 
cabin. To avoid unwanted contact there is a protection between the driver and the 
control lever. Big push buttons and indicators have explaining symbols and are lucidly 
positioned in the cabin. Most of the buttons are placed together on a vertical panel 
between the windows. Other tractor cabins have a panel with buttons tilted towards the 
driver. There is a sun shield around the display and sun films on the front windows to 
avoid dazzling light. To better the visibility the three front windows are merged together 
without frames in between. Instructions and warnings are placed in the window using 
stickers. The sound level in the cabin has been reduced by, amongst others, using double 
steel plates and a thick rubber carpet. (Picture 2) (Lantmännen Maskin AB, 2008)  

  
 
 
 

Picture 1. Photos showing details in trucks (Wist Last &Buss AB, 2008) 

Picture 2. Photos showing details in tractors (Lantmännen Maskin AB, 2008) 
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Agricultural machines 
All adjustments on the chair are done manually using knobs and levers. The chair and 
the armrests signify agricultural machines with their modern design. The armrests are 
formed and pin-jointed to fit the arms in the best possible way when using the control 
levers. The control levers are small and have push buttons on the side formed to fit the 
thumb. The seat is adjustable with air springs to fit all body shapes and sizes. The 
buttons on the control panel are turned toward the driver and have symbols explaining 
their functions. Big windows enclose the cabin and give good visibility for the driver. 
The windshield wipers are suited for the windows so all areas are wiped clean. The front 
window has an adjustable anti-glare shield. (Picture 3) (John Deere Forestry AB, 2008) 

 
 

 
5.3 Design specification 
A design specification was created with demands and wishes for the products that were 
developed during the problem analysis phase. Demands and wishes within geometry, 
material, safety, ergonomics, operation, signal, maintenance, schedule and design were 
taken into consideration. (Appendix 9) 
 

5.4 Concept design  
Concepts have been developed through text, sketches, diagrams and numerical tables. 
Evaluations through matrixes and analyses led to a final design which was further 
developed in detail. 
 

5.4.1 Concept generation 
Six main areas (enter cabin, indicators, regulators, display position, armrest and 
footrest) were focused on during the brainstorming that was carried out with personnel 
at MacGREGOR Cranes. All the ideas were documented and some of them are presented 
in this report (Appendix 10). Ideas from these main areas were combined into four 
concepts in a concept generating matrix (Appendix 11).  
 

Picture 3. Photos showing details in an agricultural machine (John Deere Forestry AB, 
2008) 
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Concept 1 - Rotate all  
The first concept has an adjustable chair, similar to the ones in agricultural machines, 
with armrests fixed to the sides. The armrests are formed to fit the arms and have 
adjustable angles and heights. All indicators are placed on a ramp to the left of the front 
window and the display is pin-jointed to the ceiling in the upper right hand corner. The 
key switches are placed behind the driver on the back wall and the other regulators are 
on the right wall next to the driver. When entering the cabin the chair is rotated together 
with the armrests into preferred position. (Picture 4)  
 

 
  
 
Concept 2 – Rotate control panel 
The second concept has one control panel that can be rotated and placed in front of the 
driver. Both the control levers and the regulators are placed on the panel. The indicators 
are placed on a ramp to the right of the front window. The display is submerged and 
tilted in the middle of the control panel. There are no armrests in the second concept but 
the control panel has a rounded edge where the arms get support. An adjustable footrest 
is placed on the floor beneath the front window. Since there is nothing on the left side of 
the chair, the driver can walk into the cabin and get seated. (Picture 5)  
 
 
 
 
  

Picture 4. The first concept – Rotate all 

Picture 5. The second concept – Rotate control panel 
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Concept 3 – Press stool under 
The third concept has an adjustable rotating stool with a small backrest. The left armrest 
is fixed with a compartment similar to an airplane armrest with the regulators inside. 
The indicators are positioned on a ramp on the lower part of the front window. The stool 
can be pushed down towards the floor and tucked under the right control panel when 
entering the cabin. The display is attached through a ball joint to a pole that stretches 
from the ceiling to the floor. (Picture 6)    
 

 
 
Concept 4 – Office chair 
The forth concept is inspired by an office chair with a headrest and integrated armrests. 
The indicators are set around the control levers placed on the front part of the armrests. 
The regulators are placed together in a control panel on the right wall. There is a heads-
up display on the front window. When entering the cabin the chair is rotated together 
with the armrests into preferred position. (Picture 7)     
    

 
Picture 7. The forth concept – Office chair 

Picture 6. The third concept – Press stool under 
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5.4.2 Concept evaluation 
To narrow the set of concepts a merit calculation was implemented. The four concepts 
from the generating matrix were evaluated in a merit calculation table (Appendix 12). 
The needs “Understandable signals” and “Understandable symbols” are graded the same 
in all concepts because all signals and symbols look and function the same in all 
concepts. They were further developed in the detail design phase. The result (Table 5) 
shows in percent how well the concepts fulfill the needs. An evaluation of MacGREGOR’s 
crane cabin is also included in the merit calculation table.  
 
Table 5. Results from the merit calculation 

Concept 1 
“Rotate all” 

Concept 2 
“Rotate control panel” 

Concept 3 
“Press stool under” 

Concept 4 
“Office chair” 

MacGREGOR 
Cranes GLB 

78,8% 71,0% 76,6% 79,4% 63,8% 

 

5.4.3 Concept selection  
To facilitate the concept selection ”Rotate all” and “Office chair” were compared in a 
weak-point analysis. These concepts were chosen because they fulfill the needs and 
requirements the best. In the weak-point analysis diagram it was shown that the orange 
area was slightly larger which means that concept 4 fulfills the needs better then 
concept 1 (Figure 22). Even though “Office chair” was the strongest according to the 
weak point analysis “Rotate all” was further developed after consultation with the 
instructors at MacGREGOR Cranes.   
 
 
 

 
 

Figure 22. Weak point analysis 

For an optimal result in the final solution the selected concept was combined with ideas 
from the other concepts. Even new ideas was taken into consideration and implemented 
in the final result.  

Concept 1 
”Rotate all” 

Concept 4 
”Office chair” Weight 

Grade 

5       4       3        2        1                 1        2        3       4       5 
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6. Final result 

6.1 Visualization and detail design  
Aspects considering function and form have been carefully thought out using theoretical 
guidelines in ergonomics, semiotics and gestalts. Safety, sturdiness and comfort are 
three keywords in the final result that was designed to fulfill the demands in the design 
specification and emphasize quality. A MacGREGOR Cranes logo decorates the left wall 
inside the cabin to visually show the drivers that they are driving a quality crane. The 
final result was visualized and documented in the 3D CAD software, I-deas. 
 

6.1.1 Cabin case 
To improve the visibility for the crane driver the cabin case has been redesigned. The 
floor window has been tilted because it was often very dirty and difficult to clean. The 
sash-window has been removed and the front window expanded. To still be able to talk 
to staff and get extra ventilation, the window above the emergency exit is now openable 
through hinges. The upper windows have sun protection film to reduce the heat and 
dazzle. An emergency exit sign is attached on the emergency door. To facilitate work 
during rainy weather a bigger windscreen wiper is used to wipe the whole front 
window. The needed length is 1200 mm and can for example be bought from the 
manufacturer Doga. This windscreen wiper wipes horizontally from right to left and has 
windscreen wiper fluid. The exterior color of the cabin case is changed from black to 
gray to reduce the heat in the cabin and still blend in with all crane types. The interior 
color has also been changed, from white to light gray, to reduce the dazzle and screen 
dirt. (Figure 23)  

 
Figure 23. New design of cabin case 
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6.1.2 Chair 
The chosen chair model is a CVG Air 85/E1 from KAB seating (Appendix 13). A 
simplified model is visualized in I-deas (Figure 24). The seat is 490 mm wide and 590 
mm deep and has a turntable that rotates 180 degrees. The undercarriage is fixed to the 
floor while the seat rotates with the turntable. The seat has a U-shaped front to increase 
the lower visual field and is red to strengthen MacGREGOR Crane’s identity. The height 
of the seat can be adjusted 70 mm and has a driver weight adjustment from 50 kg to 120 
kg. The chair has air suspension, a five position lumbar support and an adjustable 
headrest. There is a fore and aft slide with 10 steps that adjusts the seat back and forth 
horizontally with a total length of 160 mm. The chair is attached to a 200 mm high plate 
fixed to the cabin floor.   
 

 
 
 
 
A footrest is attached to the plate and can be adjusted horizontally. The heater is 
integrated with the plate pointing toward the front window. (Figure 25) 

 

 
6.1.3 Armrest 
The armrests Kusken K1 from Sittab Stol AB replaces the ordinary armrests on the chair 
CVG Air 85/E1. A simplified model is visualized in I-deas and integrated with the chair 
(Figure 26). The armrest can easily be fitted to the chair with help from a special bracket 
behind the seat. The bracket is adaptable to all chairs regardless of size and shape. 
Kusken K1 is 250 mm long and the pad is designed to best support the arm. The height 
and the length can independently be adjusted. The armrest pad can also be rotated in 

Figure 24. Visualization of new rotatable seat  

Figure 25. Integrated heater and adjustable footrest 
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the vertical and horizontal plane. Control holders with the integrated control lever will 
be mounted on the front part of the armrests. (Appendix 13) (Figure 26) 

 
 

 
6.1.4 Control lever 
The control lever is a WN model from Penny & Giles’ ergonomic handles (Appendix 13). 
The control levers are mounted on the control holder in the front part of the armrests 
and are ergonomically suited for the hand. A formed push button is strategically placed 
on top of the control lever and is easily reached by the thumb (Figure 27). It is possible 
to have more buttons on the control levers if wanted. There is a capacitive sensor on the 
control lever, with the same function as a dead-man-handle, to increase the safety when 
driving. A capacitive sensor can determine if someone is holding the control lever even 
when gloves are used. The tilted movement are made as short as possible without losing 
the driver characteristics. The illustrated instructions for the control levers are now 
placed on the front window using transparent stickers. 

 
  

Figure 26. Adjustable armrests attached to the chair with a special bracket  

Figure 27. Ergonomically suited control lever with push button for thumb  
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6.1.5 Regulators  
All regulators are placed in a box on the driver’s right wall to avoid unwanted touch and 
still be easily reached (Figure 28). The box has the same color as the wall to better 
integrate with the interior and stretches from the back wall to the welded seam between 
the back and front part of the cabin case. In this solution, with standard equipment, 18 
spaces are necessary. There is room for more regulators on the box and there is enough 
space on the wall to expand it if necessary. This increases the opportunity to choose the 
placement of the box and the regulators. The cables pass through the box into the cable 
holders to the display, indicator ramp and windscreen wiper. The sockets are directly 
attached from the box to the crane house. The regulators are placed according to usage, 
function and resemblance. The key switches are placed below the switches and push-
buttons so the keys will not cover parts of them and obstruct the driver. The key 
switches that sometimes are used while driving are placed furthest to the left. (Appendix 
14) 
 

 
 
 
 
All regulators are designed like the ones in today’s cabin with the same explaining 
symbols enchased (Appendix 13). When activating and deactivating the regulators there 
is a resistance in the movement as well as a clicking sound. To avoid confusion and 
facilitate the interaction between the driver and the control panel all switches are 
turned off in a vertical position (Figure 29). 

 
 
 

 
6.1.6 Indicators  
The indicators are placed on a vertical ramp tilted towards the driver with the same 
color as the interior. The ramp is placed to the left of the front window and stretches 
from the cable holder in the ceiling to the lower half of the emergency door. This 
placement makes sure that the indicator ramp is within the visual field when looking out 
the front window. (Figure 30) The attachment with the cable holders facilitates the cable 
installation in the cabin. Since the ramp stretches from the ceiling it has space for many 
indicators. All indicators are enchased with the same explaining symbols and color as 
today. In this new concept the indicators give feedback through blinking light and sound 

0 
1 

0 
1 2 

Figure 29. Neutral position straight up 

Figure 28. Control box with regulators 
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when signaling. The indicators are placed according to color and importance (Appendix 
15).  
 

 

 
 
6.1.7 Display 
The display is attached to a pole in the driver’s right corner. The pole is mounted 
between the ceiling and the wall and steadies the display when the ship is in motion. The 
display can be moved along the pole and rotated into wanted position through a ball-
jointed tache which will reduce the reflection on the screen and the movement and 
tension in the neck. (Figure 31) 

 
  

Figure 30. Indicator ramp 

Figure 31. Display attached to pole   
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6.2 Result analysis 
To see if the new cabin solution reduces the variables that can cause strain and 
discomforts for the driver, the same analysis in Jack that was implemented on today’s 
crane cabin, were done.  
 
The 5th percentile manikin now has a 90 degree angle in the knees thanks to the chair’s 
adjustable height and footrest. The angle between the upper body and the arms are 
approximately 15 degrees. The angles have therefore been reduced with more than half 
compared to today’s cabin. The RULA analysis shows a Grand Score of 2, when sitting in 
the neutral position, which means that the posture is accepted if not maintained or 
repeated for long periods. The score is halved compared to today’s cabin. When leaning 
forward the upper arm flexion is reduced from -70 degrees to -6 degrees. The RULA 
analysis shows a Grand Score of 4 instead of 5 from today’s cabin. The result suggests 
further investigations and changes might be required. It is mostly the strain in the upper 
arm and neck that has been reduced. (Figure 32) (Appendix 16 & 17)  
 

 
 

 

 
In neutral sitting position the 50th percentile manikin has a 90 degree angle in the knees 
and an upper arm elevation just above 20 degrees. The RULA analysis Grand Score is 
reduced from 3 to 2 which results in an acceptable posture if not maintained for long 
periods. When leaning forward, the upper arm flexion measures -6 degrees. The RULA 
analysis shows reduced strain in arms and wrists with a Grand Score of 4. (Figure 33) 
(Appendix 16 & 17) 

Figure 32. Manikin in the 5th percentile sitting in “Neutral” and “Leaning forward” position in the new 
solution. 
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The upper arm elevation for the 95th percentile manikin is a few degrees less compared 
to today’s cabin’s analysis and is now below 20 degrees. The strain in neck and wrists is 
reduced whence the Grand Score in the RULA analysis is reduced from 3 to 2. The upper 
arm flexion when leaning forward is approximately -10 degrees. The Grand Score is the 
same as for the two previous manikins, further investigations are needed and changes 
might be required when maintaining position for longer periods. (Figure 34) (Appendix 
16 & 17) 

 

 

 

  

Figure 33. Manikin in the 50th percentile sitting in “Neutral” and “Leaning forward” position in the new 
solution. 

 

Figure 34. Manikin in the 95th percentile sitting in “Neutral” and “Leaning forward” position in the new 
solution. 
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To verify that both the front corners are in the visual field when looking at the cargo an 
eye-view was implemented in the new cabin. With the new design the driver can see the 
indicators, display and cargo at the same time. (Figure 35) 

 

  Figure 35. Eye-view in new cabin case design  
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7. Discussion  
When an ergonomic study is done it normally stretches over a longer time period to 
make sure that all factors and working moments are thoroughly analyzed. The degree of 
uniformity, imposition, rhythm, work position and movements at work are some 
examples of momentums that ought to be checked. In this project, time has been limited 
and field studies have not been possible due to the cranes locations. Another limitation 
in the project has been the lack of contact with the drivers. Since the companies buying 
the cranes do not use their own staff when driving the crane, there has not been possible 
to contact the drivers. Important factors and working moments, that ought to be taken 
into consideration when doing an ergonomic study, has therefore not been possible to 
analyze. Instead of analyzing the driving procedure in real life three different driving 
scenarios have been thought out and analyzed by the project group. 
 
The needs have not been entirely easy to define since there has been no feedback from 
the drivers. Most of the information gathered came from experienced staff working at 
MacGREGOR Cranes. They have a good idea of what is needed but field studies and 
observations would have been preferable to analyze. The technical environment and the 
physiological work load ought to have been compared to the workers ability which is 
mostly dependent on age, gender and health state. This study has however not been 
possible to do because of the lack of contact. Also the fact that there are no statistics on 
work hours and service conditions have made it difficult to analyze the work 
environment and the performance of work tasks.  
 
In order to design a good working environment; noise, luminance, temperature, 
radiation, air movement and air humidity ought to be tested. This has not been done in 
this project due to delimitations and shortage of time. Focus has been on the cabin case, 
the interior and placement of indicators, regulators and display. There are a lot of rules, 
recommendations and demands from MacGREGOR Cranes and their buyers to consider 
when designing an ergonomic work environment. If every ergonomic aspect was to be 
considered the crane would end up very expensive. The whole project has been a big 
compromise, weighing advantages and disadvantages against each other. The buyers 
want a low price no matter what so extra windows, large windows, tilted windows, 
windscreen washer, adjustable chairs, electrical adjustments etc. result in higher prices. 
The aim with this thesis was to develop an ultimate ergonomic working environment 
but since the companies buying the cranes do not use their own staff when driving the 
crane no extra money is willingly paid for extravagant cabin interior. This aggravates 
when developing a cabin that agrees with the customer’s demands. 
 
In today’s cabin there is a floor window in front of the driver to enlarge the visual field. 
To prevent the window from falling down when exposed for high pressure there is a 
metal grid covering the window. The driver keeps the feet on the grid which makes it 
filthy rather quickly and the visual field is worsened. This window does not fulfill its task 
and is therefore replaced with a tilted window. It is hard to tell direction of light and 
luminance mostly because the ship and the crane are in constant movement. A precise 
value of dazzle and a recommended angle of a tilted front window are therefore hard to 
define. The final design of the tilted window does not have a calculated or tested angle, it 
is designed to prevent a change of the demanded dimensions of the emergency exit.  
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Safety and security are keywords in this project. Most of the drivers do not speak 
English wherefore symbols are being used to facilitate the explanations. All symbols for 
regulators and indicators are not obvious and an explanation in text is necessary. The 
instructions should then be written in the driver’s native language but since the ships 
travel all over the world not knowing which will be their next destination it is hard to 
choose which language to write the manuals in. The best solution would be to have 
manuals in all relevant languages but all loose items are usually stolen so a removable 
manual is out of the question. This is a problem when writing the instruction manuals 
and it jeopardizes with the safety.  
 
The new cabin design is based on standard equipment and has less regulators and 
indicators than other crane models from MacGREGOR Cranes. In theory there are 
recommended distances between the eye and the regulators but they are difficult to 
implement in the project because of the restricted cabin measurements. Even though, 
economical aspects and cabins that vary from the standard one were not to be 
considered in the project, the new design is adjustable. To be able to use the same cabin 
for all models extra space on the indicator ramp and the regulator box is accounted for. 
If the new cabin proves to be too expensive it is designed so all parts can be 
implemented independent of one another.  
 
The anthropometric measurements used on manikins in Jack to analyze the working 
postures are not entirely reliable because no human beings have the same 
measurements. To facilitate the dimensions of the interior, focus on European 
measurements were recommended from MacGREGOR Cranes because they are believed 
to have measurements covering both Asian’s and American’s. No statistics on European 
measurements were found so the project is based on measurements of Swedish men. To 
limit the analysis, no measurements of females were applied because the majority of the 
drivers are men. The simulations in Jack will not concern populations worldwide 
because of the limitations. Today’s crane cabin is designed for men that measure two 
meters and not suited for the majority of the drivers. The interior is too big for short 
men and since the interior is not adjustable to a hundred percent the work postures are 
not suitable for an eight hour work day. In this project consideration has been taken to 
the 5th, 50th and 95th percentile so the majority of the population gets the same good 
working environment.  
 
The results from the Jack analyses are based on drivers holding a work position for more 
than one minute. Regular posture change will reduce the strain and discomforts. Jack 
and RULA do not always give an exact result and it is used as a guideline in the project. 
The results depend on how well the manikins have been placed in their positions and it 
is very hard to tell if the positions are the same in real life. It is especially hard to tell 
since there has not been a field study on the actual drivers driving the crane. 
Assumptions have been made and the results are only approximate estimations and 
visual guidelines. 
 
It should be noted that RULA merely provides a guide to draw attention to activities 
with high risks of upper limb disorders. It does not provide quantitative data on the 
extent of the injury risk or the strain on the upper limbs. Even though the Grand Scores 
do not show optimal results when leaning forward, the new solution still show lower 
scores than MacGREGOR Crane’s cabin today. It is a very difficult position to work in and 
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to be able to see the cargo at all times the driver has to lean forward to see the ground 
properly. A contingent solution or complement would be to rig a camera showing the 
area beneath the crane cabin. Even though there are no theoretical recommended 
comfort angles between the arm and the upper body, small angles combined with arm 
support will probably decrease the strain in neck and shoulders.  
 
The purpose with this project was to increase the well-being, facilitate the interaction 
and avoid accidents and discomfort at work. The assignments have expanded 
throughout the project but the goals have been successfully reached within the set time 
plan. If we were to redo the project no bigger differences would be made but it would be 
preferable to have feedback from drivers. We are pleased with the results especially 
because MacGREGOR Cranes has the possible to choose and combine the solutions in the 
final result.    
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8. Recommendations  
To get a satisfying visual field the project group recommends MacGREGOR Cranes to 
look further into an optimal cabin design suitable for drivers all over the world with 
focus on a tilted front window. The cabin interior would be strengthened if analysis 
were to be done on human beings and not only manikins. A rear-view mirror can be 
placed on the cabins exterior to expand the visual field. 
 
To make sure that the drivers notices signals and warnings the project group 
recommends that the display gives feedback and detailed information from indicators 
and regulators. The indicators sound signal needs to be further developed so the driver 
connects the sound to the specific information.   
 
If the new design is implemented a change is recommended for the numbering 
explanations for indicators and regulators in drawings and manuals. All explanations for 
the key switches should be changed from S to KS. The letter explaining the regulators 
“Stop Grab” (H11), “Start permission crane” (H12), “Deck light “(S16) and “Jib light” 
(S18) should also be changed because they are push buttons that indicates through light. 
H stands for signaling device (indicators) and S for switches so H11, H12, S16 and S18 
should therefore be changed to HS11, HS12, HS16 and HS18. “Fan” (S25) is shown as a 
key switch in today’s drawings and manuals but is actually a cam switch and should be 
redrawn with a switch symbol.  
 
Because of the big theft risk a security wire that attaches the display to the pole is 
recommended. To minimize the dazzle on the display it could have a sunshield 
surrounding the screen.  
 
The sound level is measured and the results show that the critical limit for an eight hour 
work day is not reached. But there have been complaints and it is therefore 
recommended to soundproof the back wall of the cabin. Hearing protection should 
always be available whether the wall is soundproof or not and are recommended when 
working eight hours or more.  
 
To improve the indoor climate an air-conditioner system is recommended as standard 
equipment. The cranes are used in all climates with various temperatures from -25° to 
+45° Celsius and the windows tend to condensate a lot because the ventilation is not 
sufficient. It is placed in the ceiling above the driver which has proven not to be optimal 
because the cold air blows right on to the driver’s neck and leads to discomfort. The 
project group therefore recommends an air-conditioner to be integrated in the box 
below the seat. It is also recommended to change model because of complaints about 
function and size.  
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Appendix 1 - Anthropometry (1/2) 



 

Dimension Men Women 
5% 50% 95% 5% 50% 95% 

1. Length 1630 1740 1850 1540 1640 1740 
2. Eye-level 1520 1630 1740 1435 1535 1636 
3. Shoulder height 1345 1445 1545 1255 1355 1455 
4. Elbow height  1020 1100 1180 905 1025 1145 
5. Hip height 815 890 965 745 830 915 
6. Knuckle height 720 760 800 675 735 795 
7. Finger tip height 595 655 715 570 635 700 
8. Sitting height 830 900 970 805 860 915 
9. Eye height sitting 715 785 855 705 755 805 
10. Shoulder height sitting 545 600 655 525 575 625 
11. Elbow height sitting 175 225 275 165 215 265 
12. Thigh thickness 120 152 180 130 155 180 
13. Loin-knee length 545 595 645 525 585 645 
14. Loin-hock length 430 480 530 430 485 540 
15. Knee height 480 530 580 455 500 545 
16. Hock height 385 430 475 350 400 450 
17. Shoulder width 420 465 510 355 390 425 
18. Shoulder joints width 365 400 435 325 350 375 
19. Hip width 310 360 410 315 377 439 
20. Chest thickness 185 220 255 185 241 300 
21. Stomach thickness 190 240 290 180 245 310 
22. Shoulder-elbow length 330 365 400 305 335 365 
23. Elbow- finger tip length 440 475 510 413 442 471 
24. Arm length 720 780 840 660 705 750 
25. Shoulder- grip length 615 665 715 555 595 635 
26. Head thickness front-back  185 195 205 170 180 190 
27. Head thickness ear-ear 145 155 165 135 145 155 
28. Hand length 175 190 205 165 180 195 
29. Hand width 75 85 95 70 75 80 
30. Foot length 240 265 290 225 245 265 
31. Foot width 85 95 105 85 95 105 
32. Fingertip-fingertip 1660 1790 1920 1525 1640 1755 
33. Elbow-elbow 870 945 1020 795 865 935 
34. Vertical outreach standing 1930 2060 2190 1825 1940 2055 
35. Vertical outreach sitting 1150 1245 1340 1090 1175 1260 
36. Outreach forward 725 780 835 665 715 765 
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Appendix 2 - Crane cabin dimensions 
 



 
 

H - Signaling device (indicators) 
S - Switches 
F - Circuit breakers 

Appendix 3 – Explanations for regulators and indicators  
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1 DO NOT OPERATE 
Pilot light. Illuminates during starting sequence of the crane (feed pump motor, main electric motor and 
supply to electronics). 
 
2 LOW OIL LEVEL 
Pilot light. Illuminates as a pre-warning for low oil level in crane and the siren or bell, which is mounted 
under the crane cabin will sound. Refill oil tank. The pilot light and the siren/bell can be switched off by 
selecting the key float switch S12 in position ”Bell off”. 
 
3 CHECK OIL FILTER 
Pilot light. Illuminates when the oil pressure over the oil filter is more than 5 bar. The oil filter is saturated 
and ought to be changed or hydraulic system is to be checked. 
 
4 CONTROL SYSTEM ERROR 
Pilot light. Illuminates when an error is detected by the crane control system in the electronic cabinet CT2. 
 
5 OVERLOAD 
Pilot light. Illuminates at overload. 
 
6 LOADSTEP LIMIT 
Pilot light. Illuminates when permitted jib outreach for actual load is reached.  
- Flashing light for jib in speed reduce area. 
- Fixed light when jib has stopped. 
 
7 START REQUEST CRANE 
Pushbutton. Before starting the crane pushbutton START REQUEST CRANE must be pressed to get start 
permission. Pilot light (green) illuminates when start permission is given. 
 
8 DECK LIGHT 
Pushbutton. Activates an impuls relay that activates the deck light when the pushbutton is pressed. 
 
10 1 / 0 (Start/Stop) 
Pushbutton with two positions: 
- Position "1" starts the complete crane. 
During the starting sequence the ”Do not operate” pilot light illuminates. 
- Position "0" stops the complete crane. 
The power supply to the main electric motor, the feed pump motor, running in normal speed "Summer 
position", and electronics will be broken. When the feed pump is running in low speed, ”Winter position” 
(advised at an outside temperature lower than +5°C), then after stopping the crane, the feed pump 
continues to run. 
 
11 SIREN 
Pushbutton. The siren sounds when the pushbutton is activated. 
 
12 FLOAT SWITCH 
This four-position key switch is normally in position "1". Normal oil level is between MIN and MAX. If the 
oil level drops the indicator lamp ”Low oil level” illuminates and the alarm will sound. A key is needed to 
select the following three positions: 
1) The ”TEST” position is used to check the function of the pilot lights and the siren will sound. 
2) The ”BELL OFF” position is used in an emergency. The siren/bell will be silent and the indicator lamp 
”Low oil level” goes out. The operation of the crane may be continued for a short time. Check why oil level 
has dropped! 
3) The ”BY-PASS” position is in Extreme Emergency to lower a load which is hanging in the hook. The 
”Low oil level” lamp continues to illuminate and the crane siren/bell sounds. 
 
13 PARKING OF JIB 
This three-position key switch is normally in position "NORMAL". When luffing out is stopped due to the 
maximum outreach limit switch, further lowering of the jib is possible (for parking purposes of jib) only if 
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the key switch is turned to position "PARKING". For lubrication of the wire sheaves turn the key switch to 
position "EMPTY DRUM" for further lowering of the jib. 
 
15 WARNING LIGHT JIB 
Switch. 0/1. Switch in position "0" warning light is off. Switch in position "1" warning light is on. 
 
16 HEATER CABIN 
Switch. 
- 0/HEATER. Starts and stops the cabin heater. 
- 0/AIR COND. Starts and stops the air condition. 
 
17 CAB LIGHT 
Switch. 0/1 (On/Off). 
 
18 FLOODLIGHT 
Pushbutton. Activates an impuls relay that activates the floodlight. 
 
19 WIPER 
Switch. 0/1 (On/Off). Starts and stops the window wiper. 
 
20 RESET WIPER 
Pushbutton. Resets the wiper motor (automatic fuse), when the wiper motor has stopped due to a too high 
current. 
 
21 EMERGENCY STOP 
Pushbutton. Stops the complete crane in case of emergency. The pushbutton has to be reset, otherwise the 
crane cannot be restarted. 
 
31 CONTROL LEVER, HOISTING/LOWERING 
When control lever is in neutral position the brake is engaged and holds the load. Moving control lever in 
low speed or high speed position releases the winch brake.  Moving control lever in hoisting or lowering 
direction means continued speed increase from zero to max. speed. To give a smooth acceleration and 
retardation to the winch movement the control system is fitted with a ramp former with a special ramp 
time. The ramp time is the time it takes to increase the winch speed from standstill to maximum speed, 
when the control lever is moved rapidly from zero to maximum speed position. In the same way it also 
takes the corresponding ramp time to decrease the winch speed from maximum speed to standstill, if the 
control lever will be dropped. The ramp time for the hoisting system is 2 sec. See Fig. 2. 

Power swivel, slewing CW* 
Press pushbutton on the top of the control lever. 
 
32 CONTROL LEVER, LUFFING/SLEWING 
With the control lever in neutral position the brakes are engaged. Moving the control lever short distance  
from neutral releases the brake for luffing winch or/and slewing machinery. Moving the control lever 
furthermore in luffing or slewing direction means continued speed increase from zero to max. speed. To 
give a smooth acceleration and retardation to the luffing winch movement and the slewing movement the 
control system is fitted with a ramp former with a special ramp time. The ramp time is the same as it takes 
the luffing winch speed or the slewing machinery to increase from standstill to maximum speed when the 
control lever is moved rapidly from zero to maximum speed position. In the same way it also takes the 
corresponding ramp time to decrease the winch speed from max. to standstill if the control lever will be  
ropped. The ramp time for luffing is 2 sec. and for slewing 4 sec. See Fig. 3 and 4. 

Power swivel, slewing CCW* 
Press pushbutton on the top of the control 
lever. 
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Appendix 4 - Noise measurements 
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Driver position ”Leaning forward”  Driver position ”Neutral”  

Appendix 6 – RULA analysis from old cabin  
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Appendix 7 – Angle analysis from old cabin 
 
 
 
 
 



 
 

Drive Crane Interaction Safety Ergonomics ∑ Weight 

Interaction 1 0 2 3 3/9 

Safety 2 1 2 5 5/9 

Ergonomics 0 0 1 1 1/9 

 

Interaction Understandable 
signals 
 

Understandable 
symbols 
 

See the display 
content 
 

∑ Weight 

Understandable 
signals  

1 2 2 5 5/9 

Understandable 
symbols  

0 1 2 3 3/9 

See the display 
content 

0 0 1 1 1/9 

 

Safety 
 

See the cargo Fixed items ∑ Weight 

See the cargo 
 

1 2 3 3/4 

Fixed items 
 

0 1 1 1/4 

 

 
 
 
 
 
 
 

Ergonomics Robust and 
steady parts 
 

Placement 
of 
indicators 
 

Placement 
of 
regulators 

Adjustable 
work 
posture 

∑ Weight 

Robust and 
steady parts 

1 0 2 0 3 3/16 

Placement of 
indicators 

2 1 2 0 5 5/16 

Placement of 
regulators 

0 0 1 0 1 1/16 

Adjustable 
work posture 

2 2 2 1 7 7/16 

Appendix 8 - Need weighting  
 
 
 
 
 
 

0 – Less value 
1 – Same value 
2- Greater value 
 



 

MacGREGOR Cranes 
Design Specification  

Ergonomic crane cabin 
 

D- demands 
W - wishes 

Requirements 
Responsible 

 
 

D 
D 
D 
D 
W 

Dimension 
 
Cabin door  opening ≥ 550 x 1850 mm  
Doorstep on cabin door ≤ 450mm high 
Emergency exit  ≥ 550 x 1000 mm 
Outreach ≥ 2400 mm 
Interior dimensions 1090 x 1200 x 2100 mm 
 

 
 

MacGREGOR 
MacGREGOR 
MacGREGOR 
MacGREGOR 

 
 

 
 
 

D 
W 
W 
W 

 
Material 
 
Fireproof  
Corrosion  free (except back part)  
Robust and lasting 
Dazzle free  
 

 
 

 
Project group 

 
 
 

D 
D 
D 
W 
W 

 

 
Signal 
 
Signals with international standards 
Easy understandable markings near the regulators 
When necessary, locking device on regulators  
Space for 15 indicators 
Feedback with double impact  
 

 
 
 

MacGREGOR 
Project group 
MacGREGOR 

 

 
 
 

D 
W 
D 
D 
D 
D 
D 
D 
D 

 

 
Safety 
 
Emergency exit  
Emergency exit sign 
Fire extinguisher 6kg (approved type) 
Protect driver from radiant machinery heat 
Safe working environment  
Emergency stop 
All objects fixed in the cabin case 
Anti-slip surface on the floor 
Emergency safety rope 

 
 
 

MacGREGOR 
Project group 
MacGREGOR 
MacGREGOR 
Project group 
MacGREGOR 
Project group 
Project group 
MacGREGOR 

 

Appendix 9 – Design specification  
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D 
D 
D 
D 
D 
D 
W 

 
Ergonomics 
 
Joystick movement in the same 
direction as the load 
Length of joystick movement < 
100 mm 
Easy accessibility to regulators  
Ergonomic chair 
Easy-understandable and used 
interaction  
Good visibility for driver  
Footrest 
 

 
 
 

MacGREGOR 
Project group 
MacGREGOR 
Project group 
Project group 
Project group 

 

 
 
 

D 
D 
D 
D 
D 
D 
W 
W 
W 
W 
W 
W 

 
Operation 
 
Appeasing ventilation  
Heater 
Manage temp. -25° - +45° 
Stand space for instructor 
Sound level  ≤ 80 dB  
Electric windscreen wiper 
Windscreen washer 
Anti-glare shield  
Air conditioner 
Ashtray 
Liquid holder 
Communication device 
 

 
 
 

MacGREGOR 
Project group 
MacGREGOR 
MacGREGOR 
Project group 
Project group 

 
 
 

D 
D 
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Maintenance 
 
Instruction manual 
Quick reference guide 
Manuals in relevant language 
 

 
 
 

MacGREGOR 
Project group 

 
 
 

D 
D 

 
Schedule 
 
v 49 - End date of development 
v 51 - Delivery date 
 

 
 
 

Project group 
Project group 
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W 
W 
W 
W 

 
Design 
 
Cabin door openable from inside 
and outside  
Identify MacGREGOR Cranes 
A feeling of quality 
Robust feeling 
Simple and clean appearance  
 

 
 
 

MacGREGOR 
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Appendix 10 - Brainstorming  
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(4/4) 



  1 2 3 4 5 6 7 
Enter cabin Rotate/fold left 

armrest  
Slide control 
panel back-forth 

Rotate right 
control panel  

Fold control lever 
towards wall 

Foldable chair Press stool down 
and under 

Rotate all 

Regulators Airplane style 
with opening 

In front of control 
levers 

Right window Around control 
lever 

Treadle On wall   

Indicators Left on the front 
window 

Between the two 
front windows 

Right on front 
window 

Heads-up display On control 
levers 

Below front 
window 

Around 
control levers 

Display position From ceiling Heads-up front 
window 

Airplane 
armrests 

In front of driver 
on control panel 

Displays on 
control levers 

Pole  Pin-jointed 
arm 

Armrest Office chair Bus armrest Fixed to chair and 
formed   

Slides over 
control panel 

No armrest Fixed to 
chair/freestanding 

  

Footrest Adjustable from 
floor 

Bus footrest No footrest         

 

      Concept 1 - Rotate all  
 
      Concept 2 – Rotate control panel 
 
      Concept 3 – Press stool under 
 
      Concept 4 – Office chair 

 

 
 
 
 

A
p

p
e

n
d

ix
 1

1
 – C

o
n

ce
p

t g
e

n
e

ra
tin

g
 m

a
trix

  
    



 
 
 

 Concept 1 
“Rotate all” 

Concept 2 
“Rotate control 
panel” 

Concept 3 
“Press stool 
under” 

Concept 4 
“Office chair” 

MacGREGOR 
Cranes GLB 

Needs Weight Grade Merit Grade Merit Grade Merit Grade Merit Grade Merit 
Understandable 
signals 

15/81 
=0,19 

5 0,95 5 0,95 5 0,95 5 0,95 3 0,57 

Understandable 
symbols 

9/81 
=0,11 

4 0,44 4 0,44 4 0,44 4 0,44 4 0,44 

See the display 
content 

3/81 
=0,04 

5 0,20 4 0,16 5 0,20 3 0,12 2 0,08 

See the cargo 
 

60/144 
=0,42 

3 1,26 2 0,84 3 1,26 3 1,26 3 1,26 

Fixed items 
 

20/144 
=0,14 

4 0,56 5 0,70 4 0,56 5 0,70 4 0,56 

Robust and 
steady parts 

3/144 
=0,02 

4 0,08 4 0,08 3 0,06 4 0,08 5 0,10 

Placement of 
indicators 

5/144 
=0,03 

5 0,15 5 0,15 4 0,12 4 0,12 2 0,06 

Placement of 
regulators 

1/144 
=0,01 

5 0,05 3 0,03 4 0,04 5 0,05 2 0,02 

Adjustable work 
posture 

7/144 
=0,05 

5 0,25 4 0,20 4 0,20 5 0,25 2 0,10 

∑ Merit 1 40 3,94 36 3,55 36 3,83 38 3,97 27 3,19 
Max  45 5 45 5 45 5 45 5 45 5 
% of max   78,8%  71,0%  76,6%  79,4%   63,8% 
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Air 85/E1 with 180 degree turntable 

Cam switch with aluminum plate, switch design, push button with light indicator and Start/Stop button   

Control lever as a 3D model and dimension drawings 

 Armrest Kusken K1 freestanding and mounted on a chair with the special seat bracket  

Appendix 13 –Detail design  
 
 
 
 



 

S 10  GRAB MAN/ AUTO 

S 13 START/ STOP 

S 15 EMERGENCY STOP 

S 17 SIREN 

S 22 WIPER 

S 23 CAB LIGHT 

S 24 CAB HEATER 

S 25 FAN 

S 27 WARNING LIGHT JIB  

SH 11 STOP GRAB 

SH 12 START PERMISSION CRANE 

SH 16 DECK LIGHT 

SH 18 JIB LIGHT 

F 14 RESET WIPER 

KS 19 FLOAT SWITCH 

KS 20 PARKING OF JIB LIGHT 

KS 21 CABLE WINCH PAYOUT 

KS 26 CARGO/ GRAB HANDLING 

 

Appendix 14 – New layout for regulators 
 
 
 
 



 
 

H1 DO NOT OPERATE 
 

H2 LOW OIL LEVEL 
 

H3 CHECK OIL FILTER 
 

H4 CONTROL SYSTEM ERROR 
 

H5 HIGH OIL TEMP 
 

H6 OVER LOAD 
 

H7 LOAD STEP LIMIT 
 

H8 HOISTING LIMIT 
 

H9 GRAB CLOSED 

 
 
 
 
 
 
 
 
 
 
 

Appendix 15 – New layout for indicators  
 
 
 
 



 

Driver position ”Leaning forward” Driver position ”Neutral” 

50th percentile  

95th percentile  

5th percentile  

Appendix 16 – RULA analysis from new cabin 
 
 
 
 



 

Driver position ”Neutral” Driver position ”Leaning 
forward” 

5th percentile 

50th percentile 

95th percentile 

Appendix 17 – Angle analysis from new cabin 
 
 
 
 




