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Sammanfattning 
Att transportera pianon är ingen en lätt uppgift. De är såväl värdefulla och känsliga som tunga 

och skrymmande. De främst använda metoderna kan förbättras, från manövreringsaspekter till 

arbetarens ergonomi. 

 Detta projekt syftar till att utveckla ett innovativt koncept som motsvarar både pianoägarens och 

flyttföretagens behov, genom en organiserad konceptutvecklingsprocess. Metoder och verktyg 

valdes medvetet för att passa problemet, och granskades därefter i utbildningssyfte.  

Konceptgenerations- och selektionsmetoder tillämpades systematiskt för att komma fram till det 

föreslagna konceptet, vilket ytterligare förbättrades i SolidEdge ST4. Slutligen förelås några 

rekommendationer för framtida utveckling av produkten. 
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Abstract 
Transporting pianos is not an easy task, as they are as valuable and delicate as heavy and bulky. 

The most extended methods seem to have room for improvements, from maneuverability aspects 

to worker’s ergonomics.  

This project aimed to develop an innovative concept that satisfies the needs of both piano owners 

and moving companies through an organized concept development process. The methodology 

and tools were selected consciously to fit the problem and reviewed afterwards for learning 

purposes.  

Ideation and selection methods were systematically applied to come up with the proposed 

concept, which was improved further in SolidEdge ST4. Finally, some recommendations for 

future development of the product were suggested. 
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NOMENCLATURE 

Here are the Abbreviations that are used in this Bachelor´s thesis. 

 

ABBREVIATIONS 

CAD Computer Aided Design 

CAE Computer Aided Engineering 

SIT Systematic Innovative Thinking 

SWOT Strengths, Weaknesses, Opportunities and Threats analysis 

DFM Design for Manufactory 

DFA Design for Assembly 

DFE Design for Environment 
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1 INTRODUCTION 

This chapter describes the background, purpose and delimitations in the Piano Logistics project.   

1.1 Background 

There is a big second-hand market of cheap old pianos in Sweden. The affordable prices can be a 

good incentive for undecided beginners but it does not usually include the transportation. Hiring 

a specialized moving company can be more expensive than the piano itself. 

1.2 Purpose 

This project had two main purposes. The first one was to develop an innovative concept for the 

piano logistics problem, in other words, an idea for a system that can transport a piano from one 

destination to another. It presented a good opportunity to integrate knowledge both from 

Mechanical Engineering and Product Development. 

The second purpose was educational. In this single project there were selected and applied 

several Product Development strategies, giving a good general overview of the design process. 

Many lessons could be learned applying systematically several methods to the same product, 

experiencing and comparing firsthand the pros and cons, suitability and usability. To achieve a 

plausible, original or innovative solution was a goal that could or could not be achieved, but the 

learning experience would not be less valuable even if the concept was a failure.  

1.3 Delimitations 

The limitations of this project were, first, that it was an individual project. Many support 

methods used for idea generation and concept selection are group methods, so they were 

discarded or adapted for this project. Lacking a design team with complementary skills limits the 

size and complexity of the product (Ullman, 2010, pp. 66-67) 

The second limitation was the time available. Due to this lack of time and teamwork, the scope 

of the project was limited to the first four phases of Ullman’s design process (Ullman, 2010, p. 

82), from Product Definition to Conceptual Design (see p.2 for more detail).  
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2 THE PROCESS 

In this chapter the working process is described.  

The purpose of this project was only to come up with a concept solution. The four phases 

followed (Ullman, 2010, p. 82) were: 

 Product Discovery: establishing the need for a product 

 Project Planning: identifying tasks, elaborating schedules and estimating times. 

 Product Definition: identifying the customers and their requirements, generating 

engineering specifications and evaluating the competence 

 Conceptual design: ideation and concept generation, selection and refinement. 

The expected deliverables were: 

 Properly written and well-defined customer requirements 

 Engineering specifications 

 CAD model that illustrates the chosen final concept.  

In each of the stages some support methods were applied. There was some freedom in this 

aspect. In design it is not always clear which route will lead to the best solution, although there is 

evidence that suggests that the variation of ideation paths sparks more quantity, quality or 

novelty of ideas (Mohan, Shah, Narsale, & Khorshidi, 2012, p. 17). The choice of path was done 

with the help of Table 1(see next page), where some reasons for choosing the ideation methods 

were summarized.  

The final methodology is represented in Figure 1. 

 

Figure 1. Flow chart of the methods and tools used 
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Table 1. Pros and cons of ideation methods 

 

Possible methods Description Pros Cons 

Brainstorming 

Group and 

individual. Intuitive. 

Very first stage of 

ideation 

Easy to use 
It does not guarantee plausible or 

valuable solutions. 

C-Sketch 

(Collaborative 

sketching) 

Group. Intuitive 

More team and synergy effect than 

brainstorming. Graphical method, more 

visual so it helps stimulate creativity 

Less known method 

Storyboarding/ 

Scenarios 

Group and 

individual. Intuitive. 

 Good to establish customer 

requirements and needed functions 
  

Classification tree 
Group and 

individual. Logical 

Sorts out all the different concepts in one 

glance 

 It helps organize concepts but does not 

guarantee new ideas 

Function-Means tree 
Group and 

individual. Logical 

It gives a very good understanding of the 

mechanical systems and the cause-effect 

relation  

It can get complicated if there are too 

many functions (But in the piano 

logistics problem there seems to be only 

one main function, transport) 

Concept 

combination table 

Group and 

individual. Logical 

Considers all the possible combinations 

of solutions to every function that may 

not be obvious at first look. More 

compact than the Function-Means tree 

It achieves more or less the same results 

as the function-means tree but without 

the ''show cause-effect'' advantage 

Function 

decomposition 

Group and 

individual. Logical 

It could facilitate doing the Function-

Means Tree afterwards 
  

Morphological 

Analysis 

Group and 

individual.Logical 

Organized matrix structure with all the 

possible solutions, even implausible 
  

Systematic 

Innovative Thinking 

(SIT) or Theory of 

Inventive Problem 

Solving (TRIZ) 

Group and 

individual.Logical, 

intuitive and 

systematic. 

It offers a different approach and 

perspective from the other methods 

The resulting concept may have a 

potential use and costumers completely 

different from the original described 

problem. 
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3 CONCEPT DEVELOPMENT 

In this chapter the results that are obtained with the methods described in the previous chapter 

are analyzed and compared with the existing knowledge and theory presented in the frame of 

reference chapter.   

3.1 Product Discovery 

The source for the new product was market pull (Ullman, 2010, p. 96). There seemed to be a 

space in the market of transportation equipment. The moving companies usually have quite 

simple equipment, such as the dollies and the lifting straps (see Figures 2 and 3), which require 

more than one worker and a lot of physical strength and skill. In a country such as Sweden, 

where the salaries are high and there is a big interest in technologic innovation, it showed 

promise to develop a new product with unique features and which could be handled by only one 

worker.  

                
Figure 2. Lifting straps Shoulder Dolly LD1000 2-Person Lifting and Moving System. (left)  

and Above All Forearm Forklift Lifting and Moving Straps (right).  Source www.amazon.com accessed June 2013 

 

  

Figure 3. Axis Mt10001 Wood 4-wheel Piano H Dolly (left). Source www.amazon.com accessed June 2013.  

Piano dolly – upright pianos (right).  Source www.pianodolly.com accessed June 2013 

The other common systems used to transport pianos are cranes, usually truck-mounted cranes. 

They also have some disadvantages, such as the cost, number of workers, the need for 

disassembling windows or impeding traffic in narrow streets. 

  

http://www.amazon.com/
http://www.amazon.com/
http://www.pianodolly.com/
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3.2 Project Planning 

The first two weeks were spent in getting a general overview of the problem, to find out if it was 

a suitable candidate for a Bachelor’s thesis. The organized work took place during 10 weeks 

approximately. The followed steps for organizing the work load were to elaborate a list with the 

tasks and their sequence, a work breakdown structure and a Gantt chart (Ullman, 2010, p. 131). 

 A preliminary risk analysis was done too in the first weeks, which was intended to get 

completed throughout the whole project.  

3.3 Product Definition 

3.3.1 Identify who are the customers 

The stakeholders are: 

- Piano owners: amateurs, professionals, conservatories, music schools ...  

- Moving company workers: the actual users who are going to use the transportation 

system. 

- Responsible for choosing and buying equipment for the moving company: The moving 

companies can be specialized in transporting only pianos (stage, vertical or both) or move 

pianos and other furniture. 

 

3.3.1 Customer requirements 

Good requirements should come with a description, be written in base of capabilities and 

functionality and avoid descriptions of solutions and technical details (Syntell AB, 2011). 

The method used to find out the requirements consisted in an open interview with a piano owner 

and a moving company. Other requirements came from the functions deduced in the 

Scenario/Storyboard (see 3.4. Ideation and concept generation). An online survey was 

conducted later to corroborate and score the importance of these requirements. 

 In the following table the requirements are listed with a short description, from whom comes the 

requirement, priority and if it is optional or basic. 
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Table 2. Customer Requirements 

Requirement Description Origin Priority Optional/Basic 

Cost of equipment The cost of equipment plus the salary 

of one worker must be equal or less 

than the cost of two salaries. 

Company. 

Responsible for 

buying equipment 

High Basic 

Number of workers needed The system must be operated by only 

one worker. 

Company. Worker 

and buying 

responsible 

High Basic 

Physical effort The system should .minimize the 

physical effort required from the 

worker. 

Worker Medium Optional 

Safety of piano The piano must not suffer hits or 

scratches. 

Piano owner High Basic 

Safety of worker The worker’s wellbeing must not be 

in any danger when handling the 

equipment. 

Worker and 

company 

High Basic 

Reliability of the system The system should be highly reliable. Company Low Optional 

Ergonomics for worker The use and interaction with the 

equipment should not imply repetitive 

harming movements. It should be 

easy to learn how to use.   

Worker Low Optional 

Vibrations and sudden moves 

suffered by piano 

The system should minimize the 

vibrations and accelerations suffered 

by the piano during the transportation 

stages. 

Piano owner Low Optional 

Maintenance The equipment should not require 

constant or expensive maintenance 

and reparations in order to function 

properly and reliably. 

Company Low Optional 

Capability to overcome big 

obstacles 

The system must be able to surpass 

usual big obstacles such as stairs. 

Company and 

worker  

Medium Basic 

Go through irregular terrain The system must be able to advance 

in different grounds, including 

asphalt, gravel or grass 

Company and 

worker  

Medium Basic 

Access to difficult places They system must be able to 

introduce the piano in spaces with 

low accessibility: windowless, no 

road access. 

Company and 

worker  

Medium Basic 

System adaptable to all 

pianos 

The system should be adaptable to 

stage pianos and vertical pianos, with 

different sizes and weights 

Company and 

worker  

Medium Optional 

Maneuverability. Turning 

radius 

The system must be able to turn in 

small spaces such as the intermediate 

landing between two flights of stairs. 

Company and 

worker  

Medium Basic 
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3.3.3 Evaluate competition 

The most usual methods when transporting pianos are dollies and cranes. A dolly is a four-

wheeled platform where the piano is placed, pushed by two people. Different kinds of mobile 

cranes, such as truck-mounted cranes and mini-cranes, lift the pianos and get them to the 

buildings through the previously dismounted windows. The formal comparison of both with the 

generated concepts is done in 3.5 Concept Selection. 

3.4 Ideation and concept generation 

A good structured approach to concept generation avoids considering too few alternatives, 

underestimating the competence, ineffective integration of partial solutions and failure to 

consider other entire categories (Ulrich & Eppinger, 2012, p. 119).  

Two different ideation paths were followed. The first one was more intuitive. It consisted in a 

brainstorming session and then organizing and completing the ideas in a classification tree (See 

Figure 4). This process does not guarantee the quality of the ideas. It was done before much 

research was done, to check personally if that way the ideas were less influenced by the other 

current solutions. 

 

Figure 4. Classification tree of ‘’brainstormed’’ ideas 

The second ideation path consisted in doing a storyboard and a function-means tree. 

The storyboard, also called scenarios (Sutcliffe, 2003), is a series of hand-drawn sketches 

illustrating the key moments during the transportation of the piano. By the side of every image 

there is space for taking notes and ideas inspired by the sketch. This is supposed to help the 

designer identify with the user, in this case the worker for the moving company. It was vital to 

determine which functions were needed for the system. See Figure 5. 

All the ideas and concepts that came from the Brainstorming, Classification Tree and Storyboard 

were included in a Concept Combination Table (see Table 3), as solutions to the functions 

required. Some other solutions were added as well. The concept combination table provided a 

systematical way to consider possible combinations (Ulrich & Eppinger, 2012, p. 134) 
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Figure 5. Storyboard with the possible scenarios 
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Table 3. Concept Combination Table 

Main Function Transport piano 

Functions Place the piano 

in the platform 

Fix piano in 

platform 

Minimize friction 

resistance, 

overcome stairs 

Propulsion Turning 

diameter 

''wall-to-

wall'' 

Braking/ Fix 

platform in 

position 

Suspension  Avoid the system 

receding backwards or 

overturning 

Control (of speed, braking, 

fixing, turning…) 

Means Mobile Cranes: truck cranes, spider cranes, Crawler cranes (with caterpillar tracks) Telescopic Handlers (between a 

forklift truck and a crane) 
Modified Forklift, Stair-climbing forklift 

Back/Forearm 

lifting straps 

Harnessing 

(external) 

Low friction 

surfaces. Ramp 

with 

guides/tracks 

and platform.  

Men pushing 

(at least 2) 

Rotating 

axis, 

deformation 

of the 

wheels 

Wheels/cast

ers with 

built-on 

brakes 

Suspension 

system, 

springs and 

shock 

absorbers 

Man Man 

Ramp (external 

or integrated in 

the platform) 

'Locks'' and 

tops in the 

platform. 

Geometry of 

the platform 

Wheels with air 

tires + ramp 

MCI: 

gasoline or 

diesel 

Swiveling 

wheels/ 

casters 

Wedges Use semi-

pneumatic 

tires (not 

pressurized), 

provide 

cushioning 

Pneumatic/Hydraulic 

pistons regulating the 

angle of platform 

Control in the machine (not 

remote or Wi-Fi) 

Wheels with 

airless tires + 

ramp 

Jacks 

(Mechanical 

manual, 

hydraulic, 

pneumatic...) 

Integrating 

harnessing in 

the platform 

Caterpillar 

tracks 

Electrical 

motor 

plugged to 

the electrical 

network 

Zero turning 

radius: 

wheelchairs 

system, 

tanks etc. 

Pneumatic 

brake system 

Antivibration 

mounting 

(Bushing) 

Counterweight / 

extraweight (Fixed) 

Industrial radio remote control 

ECU. Electronic control units: 

PCM, BCM, SCM, Speed 

control etc… Moving counterweight 

Caterpillar 

tracks and 

wheels 

Sliding ramp/platform 

(control position of 

load's COG to 

minimize overturn 

torque) 

 

Harness and 

pulleys, or 

overhead crane 

  Stair-climber 

wheels.  

Tri-star 

configuration 

Electrical 

motor with 

battery 

  Hydraulic 

brake system 
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3.5 Concept Selection 

As a first selection step, the plausible concepts were gathered and analysed in a SWOT table. 

Table 4. Strengths, weaknesses, opportunities and threats table 

Concept Strengths Weaknesses Opportunities and Threats Continue  

3, 4 or 4 plus 

wheeled motor 

dolly 

-No physical effort. Faster 

-Maneuverability. Windowless access 

for where cranes can't go. 

-It still needs ramps, so maybe two 

people are needed to set them 

-It can integrate some sub-solutions to achieve the secondary 

functions 

-Use telescopic ramps that can be set by only one person 

Yes 

Caterpillar tracks 

dolly 

-No physical effort 

-No need for ramps 

-Only one person 

-Meets project’s goals 

-Already existing similar product 

-Slow 

-Overturning torque, stability 

-Expensive 

-Room for improvement, not really developed or spread in the 

market 

- Room for improve ergonomics and speed 

- Improving stability when changing slope (end of stairs 

critical moment) 

Yes 

Caterpillar tracks 

and 4 wheels 

-No need for ramps 

-Only one person 

-Meets project’s goals 

-Maneuverability. Windowless access. 

-Faster 

-Overturning torque, stability 

-Expensive 

 

-It can integrate a lot of sub-solutions to achieve the 

secondary functions 

-Other uses apart from piano logistics 

-Better speed 

- Improving stability when changing slope (end of stairs 

critical moment). It could be helped by the wheels. 

Yes 

Modified forklift 

(with caterpillar 

tracks) and pallet 

 -Adaptable to all pianos, furniture etc. -Too complicated for a Bachelor's 

thesis 

-Too big for turning in the stairs 

landing 

 -Already existing similar systems, although not for pianos No 

Improved cartwheel  -Small size  -No solution for putting the piano 

in the platform 

-The turning and pushing relies on 

the worker’s strength 

 -Already exists similar systems, although not for pianos No 

Modified or 

improved crane 

 -Adaptable to all pianos, furniture etc. -Too complicated for a Bachelor's 

thesis 

-Not valid for windowless places, 

or no road access 

 -Already a proved system, functioning and spread in the 

market 

No 
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The final concept was selected with a Pugh Decision Matrix (See Figure 7). In the matrix, the 

three concepts chosen in the SWOT were compared to the two most common current solutions 

(the piano dolly I and the crane II). 

 The weight of each criterion (from 0 to 100 points in the column named Score) was determined 

subjectively, though guided and confirmed by the survey results. The next column %, was the 

result of dividing the Score points by the 1120 points of Total Score, so 100 percentage points 

were allocated among the criteria (Ulrich & Eppinger, 2012, p. 155). The allocation is 

represented in the following Figure 6. The selection criteria are quite evenly distributed.  

 

 

Figure 6. Breakdown of the customer requirements 

The Pugh Matrix was made in an Excel calculus sheet. When a candidate was considered to be 

superior (or looked like it had the possibility to be superior) in one aspect in comparison to the 

dolly (I) or the crane (II) systems, it got a +1. If it was (or could be) worse in that aspect it got a  

-1, and if it was not clear it got a 0. 

The concepts score indicated that the crane is better than the dolly system (a difference of 26.8 

points). The four-wheeled dolly with motor concept only got a slightly better score compared to 

(I) and (II). The other two solutions got much better scores, specially the system with caterpillar 

tracks and four wheels with integrated ramp (35.7 compared to the dolly and 16.1 compared to 

the crane). This last concept was the one chosen to proceed with. 

An advantage of working with the calculus sheet was that the weight of the score, or the +1/0/-1 

points, could be easily altered to see the repercussion in the concept total scores. This way it 

could be checked that even with some changes (trying the worst case scenario scores, for 

example), the concept with caterpillar tracks/four wheels/integrated ramp still was the one with 

the better score.  
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Candidates 

(I) 

Dolly + Ramp  

+strap lifts 

(simplest) 

(II)  

Cranes (most 

complicated and 
expensive) 

 

4 wheeled dolly 
with motor  

+ ramps 

 

Caterpillar tracks 

 

Caterpillar tracks  

+ 4 wheels 

 + Integrated ramp 

Comparison 

(I) (II) (I) (II) (I) (II) (I) (II) (I) (II) 

Criteria Score % 

Cost of 

equipment 

100 8,9 
0 1 -1 0 -1 1 -1 -1 -1 -1 

Number of 

workers needed 

100 8,9 
0 0 0 0 0 0 1 1 1 1 

Physical effort  80 7,1 0 -1 1 0 1 0 1 0 1 0 

Safety of piano  100 8,9 0 -1 1 0 1 0 1 0 1 0 

Safety of worker 100 8,9 0 -1 1 0 1 0 1 0 1 0 

Reliability of 

system 

80 7,1 
0 0   0 0 -1  0 -1 0 -1 0 

Ergonomics for 

worker 

60 5,4 
0 -1 1 0 1 0 1 0 1 0 

Vibrations and 

sudden moves 

suffered by piano 

40 3,6 

0 -1 1 0 1 -1 1 0 1 1 

Maintenance 60 5,4 0 1 -1 0 -1 1 -1 1 -1 1 

Overcome big 

obstacles 

80 7,1 
0 -1 1 0 0 -1 1  0 1  0 

Go through 

irregular terrain 

80 7,1 
0 -1 1 0 0 0 1 0 1 0 

Access to difficult 

places 

80 7,1 
0 1 -1 0 0 1 -1 1 0 1 

System adaptable 

to all pianos 

80 7,1 
0 0 0 0 0 0 0 0 0 0 

Maneuverability. 

Turning radius 

80 7,1 
0 0 0 0 -1 -1 -1 -1 0 0 

TOTAL 1120 100 0 -26,8 26,8 0 5,4 3,6 21,4 5,4 35,7 16,1 

Figure 7. Pugh Decision Matrix  
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4 CONCEPT PROPOSAL 

Here the selected concept is developed and represented in the CAD software SolidEdge ST4. 

4.1 Description   

According to the customer requirements and the functionalities needed, the best concept is the 

platform with caterpillar tracks, two swiveling front wheels and a two wheel rear-drive. From 

now it will be referred as ‘’Caterpillar dolly’’ (see Figure 8). It also employs an integrated 

extendable ramp to get the piano up in the platform. The four wheels are mounted in the upper 

platform, as well as the ramp. The caterpillar tracks, also called continuous tracks, are mounted 

under the upper platform. The relative angle is regulated by the position of four pistons between 

both. 

 

Figure 8. Caterpillar dolly with swiveling wheels and integrated ramp 

4.2 Turning and manoeuvre 

In the first configuration, the pistons and ramp are retracted and the tracks and upper platform 

are closest to each other. The tracks don’t contact the ground, only the four wheels. This 

configuration is used to move in even surfaces or when turning, but not while climbing the stairs. 

The rear wheels rotate independently and the front wheels are swiveling wheels, allowing a small 

turning diameter ‘’wall-to-wall’’. 

The tracks don’t turn independently. If there were two caterpillar tracks able to rotate with 

different speeds and directions, the platform could turn around its own axis 360 degrees. This is 

the system used by tanks and other continuous tracks vehicles. However, it is not needed to turn 

and maneuver at the same time as climbing the stairs.  

  

Figure 9. Caterpillar dolly turning 
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4.3 Climbing stairs 

In the second configuration the pistons extend, the wheels lose contact as the caterpillar tracks 

touch the ground. This position allows overcoming big obstacles and climbing stairs, due to 

bigger contact surface and higher traction than with the wheels. To avoid that the piano mounted 

on the platform overturns, the overturn moment is minimized regulating the position of the 

centre of gravity of the load: the integrated ramp slides forward and the pistons compensate the 

angle (see Figure 10). 

  

Figure 10. Caterpillar dolly with inclined up platform, standing on the continuous tracks, ramp retracted 

A critical moment when climbing the stairs is the final steps, when part of the tracks touch the 

steps and part are ‘’in the air’’. It is a very unstable position; if the tracks keep going forward the 

platform will fall down abruptly to the stairs middle landing. To avoid that, a possible proposed 

solution is to ascend the stairs with the rear traction wheels first. In the final steps the pistons 

retract a bit more and the traction wheels contact the hallway’s floor to help the transition to 

horizontal surface. The sliding ramp would help too to change the position of the center of 

gravity. 

  

Figure 11. Caterpillar dolly standing on the continuous tracks. Climbing stairs and big obstacles 
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5 DISCUSSION AND CONCLUSIONS 

5.1 Discussion 

The process of product concept development can be either intuitive based or systematically 

approached. In this project the second was chosen and it has proven to be quite effective when 

parting from a vague idea and a problem that has yet to be clearly defined. Many methods and 

tools were applied. For the learning purpose, in the table below displays the observations and 

considerations that resulted from their use. 

Table 5. Lessons learned from the use of the methods 

Method  Observations Consideration for future projects 

Risk Analysis It is of no use if it's not checked and updated throughout the 

whole process. Sickness was not included for example, and more 

than a whole week was lost because of it. 

 

Actually look it over regularly. If it is a 

group project, assign a person 

responsible that reviews and checks it. 

Work Breakdown 

Schedule 

Useful as a first step to the Gant chart. It was similar as a flow 

graphic way to see the tasks. Not really necessary for just a one 

person project. 

  

Gant chart It was very useful. At first there were times where there were so 

many tasks to complete that it was hard to know where to begin, 

until the Gant chart was re-done. It was a good way to see what 

was next, what was late and establish mini-deadlines.  

Give it two more weeks of margin. 

Don't consider vacations 

Interviews, talking 

to the stakeholders 

Getting a general idea about the current state of things, cues for 

customer requirements and questions for future surveys. 

 Do it early and repeat during the 

middle phases of the project to get 

feedback 

SWOT for Method 

Selection 

Useful to know where to begin, but many of the methods were 

changed and discarded ''on the go''. It was difficult to foresee 

which was going to be needed in the future phases. 

  

Brainstorming Only useful when sketching was included. Difficult to focus. Not 

that necessary when it is individual. Maybe would have been 

better in group. 

 Do it but not base all the ideation 

phase in it solely, changing 

methodology will result in better and 

more ideas.  

Classification tree Good combination with brainstorming to classify the ideas.    

Storyboarding/ 

Scenarios 

Extremely useful. It was the method that indicated the functions 

needed and possible obstacles.  

Start with this method before the 

function-means tree 

Function Means 

tree 

Very useful also; first difficult to start but after the storyboarding 

it became easier and cleared a lot.  

Use a larger sheet of paper; it gets 

really big really fast. Try to get into a 

deeper, more detailed level. 

Concept 

combination table 

A bit superfluous, basically the same as the function means tree 

but maybe a bit easier to look at.  

 Too many columns reduce the 

usefulness (Ulrich & Eppinger, 2012, 

p. 137) 

SWOT Very immediate method. It was used to take quick decisions about 

secondary solutions along the way, but not for choosing the final 

concept 
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Pugh Matrix Good to have in an Excel sheet. Changing the importance 

percentage of the criteria it was possible to see if there were some 

implications on the score of the chosen concept or it was still a 

good first choice. 

  

Surveys Mainly used to balance and confirm the criteria for the Pugh 

Matrix. Very difficult to get enough companies interested in 

filling the surveys. 

On the one hand, it takes a lot of time to get enough people to 

answer. On the other hand, it is really important to ask the right 

questions, which one can only do when the project is already quite 

advanced. 

Maybe try the survey approach twice 

during the process. 

Hand-drawn 

sketching 

Being away from the computer for a while helps focus on the 

task. The sight gets less tired. It is the most immediate way to 

express the thoughts. Many studies comment on the disadvantages 

on using CAD in the early stages. Fluency, directness and 

involvement (Stappers, 1999) of the hand-sketching are better for 

the concept generation phase. 

 

CAD - SolidEdge 

ST4 

 

Once the idea was sufficiently concrete, it was necessary to use 

CAD. Some of the desired features were very difficult to draw 

otherwise. Also, it was possible to get rendered images of the 

final concept in the different positions/configurations. Setting the 

constraints in CAD also forces to think in the mechanical joints 

and forces between the system’s parts. 

 

 

5.2 Conclusions 

Creating a successful product is a complicated task. Many stages and methods are used, 

sometimes carried out simultaneously. It also involves different persons whose needs don’t 

always go together. Using a systematic, organized approach has proven to increase the odds of 

success. Spending more time in the early stages of the concept development paradoxically also 

lessens the total development time. The work done through known ideation and selection 

methods suggests that a possible innovative solution for transporting pianos is the improved 

dolly with caterpillar tracks, swiveling wheels and integrated ramp. This concept if developed 

further could satisfy the needs of the transporting companies and piano owners, with some 

advantages over the usual current systems such as cranes and dollies.  

Even with a much undefined idea and null initial knowledge the structured process helped to 

arrive to more solutions than expected. Regarding the educational goal of the project, it 

succeeded in showing a general view of the development process of a product and implement 

different strategies. 
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6 RECOMMENDATIONS AND FUTURE WORK 

6.1 Recommendations 

A preliminary cost estimate should be done in order to decide if the solution is interesting 

economically for the moving companies. It must be checked especially if the initial cost of the 

new equipment can be compensated by having to pay only one salary for one single worker. If 

decided to proceed with the development of the selected solution, it is advised to carry on with a 

cross-functional team instead, with members specialized in Machine Design, Product 

Development and Mechatronics. Even if it is not economically viable, from an educational point 

of view it could be an interesting collaboration with master students from those tracks.  

6.2 Future work 

The next step in the process would be carrying on with the Detail and System Level design. The 

requirements should be revisited, as right now they are not concrete enough for those phases. 

There should be established relevant measurable parameters, as well as their targets maximum 

and minimum. For example, ‘’the system should be able to carry at least a 300 kg piano through 

a maximum 45% slope’’.  

Future work in developing the product would be dividing the concept in subsystems (braking, 

suspension, fixing, control…), defining and refining concrete means to achieve the functions. It 

is recommendable to repeat the Function-Means tree, going to a deeper level this time. It should 

also be considered the assembly and manufacturing (DFA and DFM). 

 At the same time, the customer involvement should be maintained, regularly contacting moving 

companies to get feedback about the selected concept. For this, it is recommended to create CAD 

animations and early simple prototypes as soon as possible to communicate better the idea. 

When the detail design is done, simulations and then a proper prototype will be constructed to 

test. 
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