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Abstract 

 

The standard for standing household dishwashers to date includes some means of adjusting the height 
of the upper basket in order to facilitate a more efficient loading of dishware. Ordinarily this is done 
by lifting the basket and locking it in a few positions. A more efficient and satisfactory method of 
handling the elevation that instils a premium sensation was to be developed. A design process was 
initiated and using CAD, a 3D model with associated drawings was created. A FEM analysis was 
conducted on the most vital components and a subsequent prototype was built. Preliminary results 
indicated flaws in the construction, however developing solutions appeared promising. The FEA 
concluded that the key components were sufficiently dimensioned for the tasks given. In the end the 
project requirements were fulfilled although with set conditions modified, and without an end user 
trial. 
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1. Introduction 
Dishwashing machines are seen as common part of a modern kitchen in today’s households. According 
to SCB, 63.7% of Swedish population of 2007 had access to a dishwasher (SCB, 2007). In current 
competitive times manufacturers need not only to retain their existing customer base, but also to 
increase their market share. One way of achieving this is by generating new ideas and developing novel 
products with new features (Mirtalaie, et al., 2017). ASKO Appliances manufacture high-end 
dishwashers and want to improve the current height adjustment system of the upper basket. 

1.1 Background 

1.1.1 Height Adjustment of Upper Basket for Dishwashers 
The standard of modern, floor-standing, household dishwashers is to have the ability to set the upper 
basket into different height positions depending on what is to be washed. Certain dishware such as tall 
wine glasses might be too long and thus cannot be loaded vertically into the upper baskets designated 
glass slots. Therefore lowering the basket to allow the glasses to be used in assigned locations is 
beneficial, as it allows the machine to be more effectively loaded. Likewise if for instance baking trays 
were to be put into the lower basket, raising the upper basket would be required to load the 
dishwasher optimally. As of 2019 all of the tested floor-standing household dishwashers had two or 
three height positions per side to choose between. 

1.1.2 About ASKO 
Karl-Erik Andersson founded ASKO in 1950 in a small Swedish town of Vara with the goal to create 
quality washing machines. Karl-Erik succeeded in doing so and in the coming decades ASKO expanded 
to include an entire line up of kitchen appliances. As of 2019 ASKO is an internationally recognized 
premium brand with customers all over the world, known for its Scandinavian design and high quality. 

1.2 Problem Statement 
The basic standing dishwashers have two baskets where the dishes are placed, the lower and the upper 
basket. The standard for midrange and premium dishwashers includes a possibility to adjust the height 
of the upper basket. Users can choose from 2-3 elevation levels of the upper basket. As of January 
2019, no stepless solution for adjusting the height of the upper basket exists on the market. The 
offered height adjuster systems from the most prominent brands (such as ASKO, Cylinda, Electrolux, 
Miele Samsung, Siemens & SMEG) operates by: hitching, twitching, pulling and tugging of the basket 
and mechanism to set the height between the levels. None of these systems provide a unique seamless 
premium solution. 
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1.2.1 Goals & Purpose 
The aim is to develop a height adjustment mechanism that will be:  

• Stepless adjustable at an interval of 70mm 
• Self-locking if possible 
• Easily accessible & controllable by user 
• Possible to change height when the basket is partially filled with goods 
• Able to carry 13.2 kg goods 
• Easy to manufacture and mount. 

1.2.2 Limitations 
Production drawings will be created only if time permits doing so. Materials will be suggested but not 
tested as the prototype will be made with plastics. The weight and its operational effects on the rails, 
basket and other features affected by the unit will be disregarded. The final prototype will only 
showcase its function and will not be directly applicable to current dishwashing machines. The exact 
cost to produce this device will not be provided. No dynamic analytical calculations will be made. 

1.3 Overview 
A literature study was conducted in order to get an understanding of what was required to be done 
during the product development process, which steps were included and what these steps consisted 
of. A competitor analysis was carried out with focus on how competitors have designed their solutions 
regarding the height adjustment system of the upper basket. An investigation of height adjustment 
mechanisms and their mechanical structure was conducted. The construction of the dishwasher in 
regards to the upper basket was researched in order to get a better understanding of the problem. 
The design limitations of the project were set with supervision from ASKO. Product development 
process was implemented, concepts were evaluated and a final concept was chosen. Analytical hand 
calculations were conducted and compared with the results from the FE analysis. The model of the 
final concept was drawn with a computer-aided design (CAD) program, Autodesk Inventor 2018, and 
analyzed with a finite element method (FEM) program, Abaqus. A prototype was constructed using a 
3D printer and structurally analyzed. The results are presented and discussed. 
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2. Method  

2.1 Background Analysis 

2.1.1 Construction of Dishwasher Regarding Upper Basket 
The standard standing dishwashing machine is constructed with two major baskets where the 
dishware is placed, one lower and one upper basket. Sometimes there is a third basket which is 
substantially smaller and is used for smaller objects like knives, forks and spoons. The two major 
baskets are constructed of steel wire which is coated with nylon for corrosion and padding purposes. 
The upper basket (Figure 4) is connected to the inner walls (Figure 6) of the machine with rails and 
wheels. The rails (Figure 1 (right), Figure 5) are extractable for possibility of loading/unloading position 
of the upper basket  

The dishwasher’s inner casing is constructed with stainless metal sheet. The washing chamber (as seen 
in Figure 1) is connected to the other parts of the dishwasher only for major function purposes such as 
water supply, drainage and ventilation. The space where the height adjustment mechanism is placed 
is limited to 20 mm measured from the basket to the wall. The rails are placed all the way on the sides 
of the basket and are approximately 20 mm high and 10 mm wide. 

2.1.2 Competitor Analysis 
Initially an analysis was performed on how competitors currently were adjusting the height of the 
upper basket. Analysis was done in order to understand competitor’s solutions as well as for receiving 
useful insights of the features regarding the height adjustment of the upper basket. The study was 
conducted at Media Markt and Elon electrical appliance stores where ten dishwashing models (see 
appendix 2 p. 42) and their height adjustment systems of the upper basket were examined.  

The solutions currently used among the studied dishwashers consist of few parts and attain its lifting 
power directly from the user as the basket is unlocked, lifted and locked in place. The elevation is 
chosen for each side separately and the rails (where the basket was attached to the dishwasher) are 
used as a base of support for the height adjustment mechanism and its elevated positions.  

The models where height adjustment was possible offered two to three levels to choose between. The 
elevation adjusters could be divided into three groups: handle operated, self-locking and extra wheels.  

Figure 1. Internal design of a current ASKO dishwasher 
with basket, rails and locking mechanism  
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• The handle operated solutions operates the locking of the mechanism with a handle. There 
are several different solutions included in this group. The height can be set between two to 
three levels. (see appendix 2, Miele and Samsung). 

• Self-locking refers to a system that locks in the upper position. The system unlocks by an extra 
lift before putting the basket down in the lower position. The self-locking system investigated 
can be set in two positions.  

• Extra wheels system does not include a mechanism for height adjustment per se. It rather than 
has 2 possible connections between basket and rails. It is not possible to change the height 
without removing the whole basket from the dishwasher.  

2.2 Design Restrictions  

2.2.1 Materials  
In concordance with ASKO it was decided that the materials that were going to be used would be the 
same materials that ASKO had previously used in manufacturing and had experience with, due to 
dishwasher’s specific internal environment. Materials used would include polyoxymethylene (POM) or 
polyamide for plastic details, and different types of stainless steel. 

2.2.2 Mechanism 
These restrictions regarding the mechanism were decided in dialogue with ASKO: 

• No electric devices – In talks with the supervisor at ASKO it was decided that no electronic 
devices should be used in the design solution due to the wet environment inside of the 
dishwasher. Only a mechanical solution should be strived for.  

• Ability to disconnect basket from machine – It was necessary to construct a solution which 
allowed the ability to lift the basket completely out of the machine. 

• Tilting of basket – The solution had to consist of features which enabled possibility to adjust 
the height level independently on each side of the basket. 

2.2.3 Design Changes of Surrounding Components 
In order to develop a mechanism that is as cost effective as possible for the client to manufacture, it 
was aspired to have as little reconstruction of the current system as possible. Yet the required design 
goals needed to be met. The questions that were raised in this initial phase concerned how much of 
the current dishwasher design was needed to be reconstructed in order to meet set objectives.  

• Height adjustment mechanism – Would the new solution require only reconstruction of the 
height adjustment itself or would adjacent systems need to be adapted to the design solution? 
The current design of the height adjustment mechanism (as seen in Figure 3 and Figure 2) 
could be reconstructed to a certain degree but still have the main characteristics, and could 
still function as a satisfactory solution.  

Figure 3. Front side of locking mechanism Figure 2. Backside of locking mechanism 
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• Basket – Was it necessary to reconstruct the basket? The height adjustment mechanism is 
currently placed between the basket and the rail system on the inner walls of the dishwasher. 
Here the space is scarce and the basket is adapted to the height adjustment solution and vice 
versa. The basket (as seen below in Figure 4) would likely need to be reconstructed for a 
different solution, because it is depending on the new height elevation mechanism. 

 
• Rails – The rail system (Figure 4) is used as a base on which the load from the basket is resting 

on, and the height is adjusted in reference to the rails. If another height adjustment system 
was to be adopted it also had to allow for another extraction function of the basket. 

 

Figure 4. Upper basket of ASKO dishwasher 

Figure 5. Rails with lock for basket 
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• Further reconstruction – – Some solutions may have height adjustment mechanism built in 
the walls of the machine (as seen in Figure 6 In that case the connection between the 
mechanism and the basket is going to go through the inner walls of the machine chamber and 
major reconstruction would be required.  

When researching the construction conditions it was decided that the only additional reconstruction 
which was required was that of the basket, as it is designed dependent on the locking mechanism and 
because of the desired aspiration to reconstruct as few parts of the dishwashing machine as possible. 

  

Figure 6. Cut out of the Inner walls of an ASKO dishwasher 
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2.3 Product Development Method - Design Process 
In order to create something from an engineering standpoint, the design process is by many considered 
the most important phase of product design. Detail planning and manufacturing setup is dependent 
on how well received the product is to begin with. It does not matter how well a product can be 
produced, how cheap a method of manufacturing might be, if the majority of potential customers do 
not want it (Wikbergh Nilsson, et al., 2016). The design process in itself is extensive, so by dividing it 
into several sub-phases the process will be easier to manage and exert control over. By using an 
existent design template, such as the devised VDI-Richtlinie 2221 (Birkhofer & J. Jänsch, 2006) (see 
Figure 7 below), a structure was created for the design process, with clear milestones to achieve.  

Figure 7. The VDI 2221 model of design process 
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The template was proven that it prevents unnecessary steps and errors from ruining the methodology 
(Cross, 2008). The design process (using VDI-Richtlinie 2221) commenced by first clarifying the task 
and then redefining the objectives from the project specification, in order to create a new design 
requirement specification with binary or quantifiable objectives. A function analysis was then 
performed to find the device’s sub functions. Past this step a cycle of idea generation sessions was 
conducted. Once a number of brainstorming meetings have been performed, evaluations of these 
were made in order to find the most suitable solution. This was done iteratively between the different 
phases. (Cross, 2008). The later stages (6-7 in Figure 7) of development would be presented in chapter 
5.1 & 6 and the final phase of the process would involve improvement of the already existing concept 
using value engineering and DFMA. The final concept could be evaluated and compared to earlier 
versions with the intent of simplifying the production and assembly process (Cross, 2008) (Mesa, et al., 
2018). 

2.3.1 Clarifying Objectives 
By default most design objectives are ill-defined, where the exact proportions, functions and 
mechanisms are undecided (Cross, 2008). By considering the set design requirements below (see 
Figure 8), it was revealed that several of these preconditions were too vague to be numerically or 
binary decided and needed to be further specified, in order to determine when those specific design 
requirements has been fulfilled (blue in Figure 8).  

An objective tree was constructed so that the ill-defined objectives (marked with blue dots above in 
Figure 9) could be analyzed, where the highlighted parameters were partitioned into sub objectives. 
The methodology used in order to create these sub objectives was based on discussions of what these 
requirements entailed, and by asking the questions what, how and why. (Cross, 2008) 

 

 

 

 

 

The types of questions that are useful in expanding and clarifying objectives are the simple 
ones of ´why?´, ´how?´ and ´what?´ For instance, ask ´why do we want to achieve this 
objective?´, ´how can we achieve it?´ and ´what implicit objectives underlie the stated 
ones?´  

(Cross, 2008, p. 79) 

Figure 8. Design requirements of the stepless height adjuster, derived from the project specification 

Ill defined 
Well defined 
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2.3.2 Function Analysis 
The primary function of the sought after design solution was being able to lift the upper basket up and 
down. However it was not stated how this was meant to be done, so a function analysis was necessary 
to establish the secondary functions that facilitated the main function. According to Cross (2008) the 
design solution could be seen as a black box diagram which receives input(s) and delivers wanted 
output(s) (see Figure 10). 

The output was given by the project specification. The input would be some sort of manual handling 
that achieved the elevation and result in main function, however as the description was vague the 
black box was divided into sub function boxes. Such block diagram can be called a transparent box and 
help explain the operational process. By breaking down the primary function the following secondary 
functions were found (see Figure 11).  

Figure 9. Objective Tree and clarification of the vaguely defined design requirements 

Figure 10. Black box function 
method 

A block diagram consists of all the sub functions separately identified by enclosing them in 
boxes and linked together by their inputs and outputs so as to satisfy the overall function 
of the product or device that is being designed 

(Cross, 2008, p. 95) 

Figure 11. Transparent box 
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2.3.3 Performance Specification 
With the design requirements being more tangible and more precisely defined, subsequently of the 
applied use of the objective tree, the level of generality for the design was decided. Generality refers 
to how broad the range of solutions might be. According to Cross (2008), product alternatives, types 
and features are examples on what might be considered when determining generality. At a high level 
of design freedom any product alternative may be suggested. This might then imply for instance 
elevating the entire dishwasher up or down or perhaps re-designing the concept of a dishwasher. The 
intermediate step refers to types of solutions that are similar or have common traits on what already 
is available on the market. The lowest generality only alters features on existing products and 
solutions.  

In concordance with the client and due to the appointed time restrictions an intermediate level of 
generality was chosen, as a low level of generality was not possible to produce with the set design 
demands. In terms of utilizing a high degree of freedom, such solution would not likely be able to be 
implemented into already existing ASKO dishwashers. Therefor generating product types rather than 
features was chosen to be done. 

With the level of generality chosen, a design specification was created, derived from the project 
specification. With the vaguely defined design requirements replaced with sub conditions created 
using the objective tree method (as seen in Figure 9), along with the already established well defined 
requirements (see Figure 8 [black dots]), the new conditions were set up in quantified terms which 
could be implanted (Pahl & Beitz, 2006) (The result can be seen presented in appendix 3 p. 46.). 

2.3.4 Concept Generation   
The words of Childs (2004, p.12): ”Conceptual design is the generation of solutions to meet specified 
requirements”, could be interpreted as a process that is set up in generative and evaluative phases 
that strives to find a suitable concept solution. Based up on the requirements set up in the design 
specification, above-mentioned constructs are evaluated to see whether or not the requirements are 
met and new iterations to better meet the specification were created. 

2.3.4.1 Idea Generation Methodology 
In order to envision ideas and potential solutions to the specified problems a number of sessions of 
brainstorming were performed. These were conducted in accordance with Wikbergh Nilsson (2016), 
which suggested dividing the process into 20 minute long discussions, rather than continuously trying 
to conjure up new ideas (as this is less efficient) (Wikbergh Nilsson, et al., 2016). Drawings and 
representable names were created illustrating how the different components would operate.  

Once certain categories of solutions had been found and documented, new in-depth brainstorming 
sessions were conducted on each specific idea in order to comprehend and apply the same type of 
solutions in alternative forms. Once the most representative solutions were found, these were 
portrayed in a morphological matrix (as seen in Figure 12). This matrix was meant to map the essential 
aspects and functions of the design solution that must be incorporated into the unit (Cross, 2008). The 
matrix was categorized by function (handling, lifting mechanism & locking) and was sub-sectioned into 
different auxiliary solutions. According to Pahl & Beitz (2006) if two of these subsections in the same 
row were needed to complete sought after function then the matrix should be differentiated into 
additional sub functions. Because of this further sub sectioning was required. 
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This was also the reason the lifting mechanism was separated from the locking even though some of 
the lifting mechanisms were self-locking by design. 

One sub solution was then combined with two others from separate sub categories to form a potential 
concept (for example 1, B & IV). As the number of combinations were large (6∙5∙7=210) the number of 
concepts would need to be reduced to what was reasonable to produce.  

With discussions and theoretical experiments performed through deduction 19 alternative 
combinations were found to be practical. This was within the realm of what was reasonable to 
compare in order to reach a chosen concept design, although further reduction was still preferred.  

Additional scrutinizing of the various combinations was done by studying a current ASKO dishwasher 
in order to determine whether or not a chosen combination would be feasible and if so whether the 
combination would be practical or not.  

Because of the compact design of the dishwasher many of the design suggestions were dismissed 
outright as impractical. Any concept requiring a large space to operate was removed and by doing so 
only four combinations remained (combinations such as (2,A,I) are united sub-solutions assembled 
from the morphological matrix (see Figure 12) to form concept proposals):  

1. (2,A,I) a geometrically locked plate profile operated by a handle (concept a) 
2. ((5,D,I), (5,A,I)) a spring-loaded design with a geometrical locking mechanism (concept b, c) 
3. (6AII) a regulatory handle that’s lifted and then locked in place against the basket (concept d, 

e)  
4. (4,E,II) a lifting table operated by a rotating handle locked by a spring (concept f) 

Figure 12. Morphological matrix with sub solutions, the height adjuster could consist of 
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Out of these four combinations, six concepts were created a, b, c, d, e & f (see Figure 13), for details 
of how these were to operate see Appendix 4 p.48.  

2.3.5 Evaluation of Alternatives 
By comparing the created concepts towards the objectives that were to be achieved in the design 
specification (as seen in appendix 3), a rank was given to the concepts in order to illustrate the value 
and usefulness of a particular design (Cross, 2008). However, as not all objectives were equally 
important, a point system was implemented which determined the importance of a specific design 
goal. This method is referred to as weighting objectives which assigns numerical worth to the 
objectives. The client was contacted and was asked to pick the objective order (from the design 
specification (I-XXI) (see Appendix 3)), from most to least important.  

Once the ranking had been provided, numerical values were given to each objective dependent on the 
relative importance of the design goal in an interval of 1-100. Since D (demand) objectives must be 
achieved as these will simply be listed as “achieved” or “not achieved”, if a concept receives a “not 
achieved” on a “D objective” the concept needed to be reworked until the concept met that particular 
requirement (these are marked in red in Figure 14 and to check which objective the numerals 
represents see Appendix 3). The ranking information gathered from the client was converted to 
quantifiable values where each “wish” objective was valued dependent on importance by said 
objective (Cross, 2008). The exact number can be seen in Figure 15 and was reached through deduction 

I, II, III, IV, V, VI, VII, VIII, IX, X, XI, XII, XIII, XIV, XV, XVI, 
XVII, XVIII, XIX, XX, XXI 

Figure 14. Listing of design objectives (see appendix 3 p.46 for more details) 

The aim of the weighted objective method is to compare utility values 
of alternative design proposals on the basis of performance against 
differentially weighted objectives 

  (Cross, 2008, p. 159) 

Concept: a Concept: b Concept: c 

Concept: d Concept: e Concept: f 

Figure 13. Concepts a, b, c, d, e & f, Preliminary layouts 
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and perceived importance (however an objective could never supersede its ranking) confirmed by 
feedback of objective importance stated by the client. 

The results of the ranking of concepts a, b, c, d, e & f provided the following results (highest points 

possible; 655 points) 

a) 435 
b) 385 
c) 300 
d) 410 
e) 440 
f) 405 

Although concept e and a were given the highest points, there was considerable room for 
improvement. Flaws of the concepts had been discovered through discussions, and the lack of points 
provided for certain concepts demonstrated this. Each concept was explained, evaluated and revised 
(see Appendix 4 p.48), in order to achieve a higher score. The second cycle of evaluation presented the 
following score: 

a) 615 
b) - 
c) - 
d) 410 
e) 440 
f) - 

Concept b, c and f were discontinued due to complications in the design (detailed information 
describing the various complications with the design concepts can be found in appendix 4). Concept a 
was chosen to develop further as the intended overall layout (in accordance with VDI 2221). 

An alternative evaluation using weighted matrices in accordance of Pugh (1991) was conducted to 
search for deviations in given results. However, as no district differences in results were given when 
comparing to Nigel Crosses evaluation practice there was no need to make use of it.  

  

IV. 85  ( 1 ) XII. 20 ( 3 ) XVII. 60 )  ( 1 ) 

V. 10  ( 3 ) XIV. 70    ( 2 ) XVIII. 452 ) 

VII. 65 ( 2 ) XV. 90 ( 1 ) XIX. 35 

X. 20 ( 3 ) XVI. 55 ( 2 ) XX. 100 

Figure 15. Design goals (Appendix 3 p. 46) converted into values 
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2.3.6 Product Documents and Realization 
Following the VDI-Richtlinie 2221 template, the last steps would have been to produce drawings and 
operational documents utilized to realize the chosen concept. Although production aspects of the 
components have been taken into account, no detailed production plans or production ready part 
drawings were presented. Only preliminary drawings were presented. 

2.4 Computer Aided Design 
The mechanism for height adjustment was created virtually in a program called Autodesk Inventor 
2018. CAD or computer-aided design is used to create precision drawings and technical illustrations 
(Bryden, 2014). CAD software utilizes 3D-modelling in order to create and visualize a construct 
virtually. From the 3D model constructed in Autodesk Inventor 2018, production drawings, explosion 
sketches and illustrations were created.  

2.4.1 Finding the Definite Layout 
 A preliminary concept using CAD software was created. Once this concept had been chosen as the 
overall layout it was implemented into a 3D model of the dishwasher. The main layout of the 
dishwasher with outer walls, rails and upper basket was provided by the client. Testing and 
implementation of the selected design solution was to be conducted to decide whether the solution 
was applicable or not. If not, what changes would have to be made in order to make the concept viable. 
In order to provide a structure for the CAD process and determine when a concept was ready to be 
finalized, Svenson’s formal design method was used (as seen in Figure 16). The concept was assessed 
and questioned on what eventual problems could arise during development. If a problem was 
discovered then the model was investigated whether the model could be adapted (Foque & 
Lammineur, 1995) in order to complete the function that was required. When small alterations were 
not possible and the concept failed to meet the assigned goals, a redesign was required and a revision 
would be created. Another assessment of what would be necessary of the new design layout in order 

Concept Creation 

Problem formulation 

Problem Analysis 

Realization 

Adaption 

Revision 

Assessment 

Decision 

Figure 16. Svensson’s formal design method portrayed by (Foque & Lammineur, 1995) 
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to meet the design goals (Figure 16 and appendix 3 p. 46) was made. Eventual optimization of the 
function(s) was also determined. The optimizations were conducted following the principles of DFMA 
(design for manufacturing and assembly) (Mesa, et al., 2018) where aspects of manufacturing and 
assembly were taken into account in order to reduce costs by reducing the number of parts, improving 
assembly and manufacturing timespans. By studying and investigating how the component(s), created 
using CAD software, would be produced and assembled, difficult geometries as well as complex and 
slow operations in the assembly process were tried to be avoided or minimized.  

Assembly videos of the CAD model were created in order to illustrate the assembly process where 
during the process several potentially costly prototype errors were averted.  

Concept a was used as a starting point, and once a flaw was detected that required major change, 
revisions of the concept were created (details of these are explained in appendix 5 p. 56). 
Complications and their solutions were studied and evaluated by following Svenson’s formal design 
(Foque & Lammineur, 1995). The process was repeated until a revised version (as seen in Figure 17) 
met enough design objectives and was deemed sufficient enough to finalize and construct a prototype 
based of its design.   

  

Svensson's design model 2 (Figure 16) perfectly presents the necessity for feed-back. 
Feed-back is like sending back information from the receiving section to the source to reprocess 
the data… 
… Assessing variables to set standards and criteria should be done at regular intervals until the 
information has reached the end of the loop, i.e. where there is no more information to be fed 
back.     
                (Foque & Lammineur, 1995, p. 32) 

Figure 17. Concept a Rev. D, Left view shows an explosion view of the concept, 
right view provides a cut through view of the device 
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2.5 Analytical Calculations 

2.5.1 Tilting of the Upper Basket 
The dishware sometimes consists of items (such as trays and tall wine glasses) that do not fit in the 
regular slots of a dishwashing machine. The space inside the machine needs in that case to be adapted 
to these items. One way of doing so is by adjusting the height of the upper basket. In order to make a 
height adjustment only on one side of the basket, if necessary, when loading the dishware, the system 
should be flexible and allow a tolerance in horizontal plane and certain rotation.  

2.5.2 Displacement 
• Horizontal – The tolerance could be calculated by Pythagoras theorem (as seen in Figure 17) 

when the distance between basket’s attachments on each side, or basket’s width (b) is 
measured. The maximum height that the basket could be adjusted (h) is specified by the client. 
The room between the same positions in a horizontal plane at a heightened basket and a 
basket that is in its original, laying position (x), is the space that the height adjustment 
mechanism should be able to function within. 

𝑥𝑥′2 = 𝑏𝑏2 − ℎ2 ⇒ 𝑥𝑥′ = �𝑏𝑏2 − ℎ2 = �5102 − 702 ≈ 505.2 𝑚𝑚𝑚𝑚 

𝑥𝑥 = 𝑏𝑏 − 𝑥𝑥′ = 510 − 505.2 ≈ 4.8 𝑚𝑚𝑚𝑚 

• Angular – The mechanism should also be able to withstand a rotation with an angle, 𝛼𝛼, which 
can be calculated with trigonometry. 

sin(𝛼𝛼) =  
𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜

ℎ𝑦𝑦𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑦𝑦𝑦𝑦𝑜𝑜𝑜𝑜 =
ℎ
𝑏𝑏 ⇒ 𝛼𝛼 = 𝑜𝑜𝑜𝑜𝑦𝑦−1 �

ℎ
𝑏𝑏� = 𝑜𝑜𝑜𝑜𝑦𝑦−1 �

70
510� ≈ 7.9° 

  

Figure 18. Tilting of basket and displacement problem 
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2.5.3 Widening of the Plates  
All new concepts that were not discarded had plates that were used for locking and stabilization, going 
from the rails up to the base plate’s maximum height which was 125 mm. This led to a problem 
regarding the design of the plates, the basket and their attachment to each other due to the lack of 
space when it was tilted (see Figure 18). As it is right now the plates are sitting closely attached to the 
basket only allowing a small horizontal and angular movement. The current plate is also not as long 
vertically as the current system doesn’t have possibility to adjust the height at no more than two levels 
within 40 mm, and the locking is not done at the side of the plate as in the new solution. This results 
in a much shorter plate that does allow the basket to move without colliding with the plates. The new 
solutions however have plates that run almost all the way from bottom to the top on the sides of the 
basket which encloses the basket and limits its movement. This problem was analyzed in order to get 
a better understanding of how a solution could be structured concerning the plates, the basket and 
their attachment to each other. 

• Horizontal width of the basket when it is not elevated 
• Horizontal width of the basket when one side is elevated to the maximum 

Because the plates reach down to the bottom of the basket is it possible to take their height as the 
height of the basket when calculating b’ (Figure 19). 

 

 

 

 

 

b’ = x + y 

sin 8 =
𝑥𝑥

125
→ 𝑥𝑥 = sin 8 × 125 ≈ 17.4 𝑚𝑚𝑚𝑚 

cos 8 =
𝑦𝑦

490
→ 𝑦𝑦 = cos 8 × 510 ≈ 485.2 𝑚𝑚𝑚𝑚 

x + y = 17.4 + 485.2 = 502.6 mm 

b’ – w = 502.6 – 490 = 12.6 mm 

Figure 19. Widening of the base plates 
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h = 125 mm 
α = 8° 
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Figure 20. Maximum width between plates 
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2.5.4 Load Distribution in Locked Position 
The final concept has a locking system that is ultimately carrying the load of the basket containing 
dishware, with the help of the locking sockets, which are located on the locking profile (see fig. 27). 
These sockets are determining the destined height level. The height interval is set for 70 mm and there 
will be 17 levels of height to choose from within this parameter. The relatively high number of 17 
height level sockets exists to give the user a sensation of steplessness when adjusting the height. The 
ultimate load of the basket is held up by the geometrical shape of the locking profile which is attached 
to the base plate, which in turn is attached to the railing system. The load is distributed to both sides 
of the basket. The maximum weight load that was required from the client was set to 13.2 kg. A security 
factor of 3 was chosen to guarantee the solidity of the structure in unforeseen situations, for instance, 
if a person partially would lean on the basket with his or hers body mass. Force balance calculations 
were used to calculate the reaction forces. Friction between the surfaces was disregarded because the 
locking was made possible with geometrical shapes of the structure  

 

(→):𝐻𝐻𝑉𝑉 − 𝐻𝐻𝐻𝐻 = 0 ⟹𝐻𝐻𝑉𝑉 = 𝐻𝐻𝐻𝐻  

{𝑉𝑉𝑉𝑉 = 𝑉𝑉𝐻𝐻 = 𝑉𝑉 } 

(↑):𝑉𝑉𝐻𝐻 + 𝑉𝑉𝑉𝑉 − 𝑃𝑃 = 2𝑉𝑉 − 𝑃𝑃 ⟹ 𝑉𝑉 =
𝑃𝑃
2

=
195

2
= 97.5 𝑁𝑁 

𝜎𝜎 = 𝑉𝑉
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑎𝑎𝑃𝑃𝑃𝑃𝑎𝑎

= 95.7
0.004×0.003×cos45

= 11490485.19 𝑃𝑃𝑃𝑃 ≈ 11.5 𝑀𝑀𝑃𝑃𝑃𝑃 

P = 195 N 
α = 45° 

 

Figure 21. Load distribution, locking plate sitting in one of 17 locking sockets 
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2.5.5 Bearing Stress in Lifting Position  
In order make basket’s angular displacement of 8 degrees possible a bearing (shaft stabilizer) was 
placed into the fastening plate ((see Figure 21) (clear blue in Figure 17)). In lifting position, when the 
load was applied, the fastening plate was subjected to a pressure from the shaft on to the stabilizer 
and the holes in which the bearing was placed (Figure 21). Calculations were made in order to confirm 
that the dimensions were sufficient, and to be able to choose the material best suited for the fastening 
plate. 

Bearing stress was calculated by formula: 

 𝜎𝜎 = 𝑃𝑃
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑎𝑎𝑃𝑃𝑃𝑃𝑎𝑎

= 𝑃𝑃
2×𝑙𝑙×𝑤𝑤

= 195
2×0.006×0.004

= 4062500 𝑃𝑃𝑃𝑃 ≈ 4.1 𝑀𝑀𝑃𝑃𝑃𝑃 

2.6 FEA 
Finite element analysis was done on parts of the height adjuster that were subjected to largest loads, 
during lifting and in locked position, as a part of strength analysis of the designed structures (Mottram 
& Shaw, 1996). This included connections between the fastening plate and the shaft stabilizer, and 
locking plate and profile. All FEM analysis was done in a program called Abaqus/CAE. 

2.6.1 About FEA 
Finite element method (FEM) is a numerical approach for solving engineering problems by computer 
simulation. It was developed in the aerospace industry in the 1950s and is used to predict the behavior 
of structural, mechanical, thermal and electrical systems for both design and performance analysis 
(Fish & Belytschko, 2007). 

Finite element analysis generates approximate solutions using partial differential equations. In FEM a 
structure is divided or partitioned (meshed) in smaller parts called finite elements, which are 
connected by nodes, and the variables of interest (displacements) of each element are calculated and 
assembled for the entire structure (Lepi, 1998).  

By using mathematical models in computer simulations in engineering it is possible to explore much 
greater variety of conditions than trough physical experimentation. While experimental testing 
remains important, the time and cost of physical testing can be reduced significantly as the reliability 
of computed information increases (Szabo, 1993). 

 

w 
l 

P 

Fastening plate 

Bearing 

Figure 22. Bearing stress 
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2.6.2 Fastening Plate and Shaft Stabilizer 
The focus of the analysis was to determine if the structure could withstand the subjected loads and to 
determine which material is going to be used in production of the fastening plates (fig. 22). Shaft 
stabilizer was decided to be constructed out of steel due to its contact with the spring. Fastening plate 
was aspired to be made of plastics instead of steel if possible because of its complicated form and 
economic reasons in production (Kalpakjian & Schmid, 2009). The stresses that were analyzed are the 
bearing value stresses on the fastening plate due the load which is applied on the shaft stabilizer. The 
strength of the connection between 2 parts of the fastening plate was not analyzed since the geometry 
at the time of the analysis was not fully specified. The analysis was conducted with steel 1.4301 and 
polyoxymethylene (POM) as materials for fastening plate, in each simulation, and with steel 1.4301 for 
shaft stabilizer, for both simulations. 

 

 
 

 
2.6.2.1 Model Geometry and Material Properties - Fastening Plate and Shaft Stabilizer 
Geometry was simplified because the analysis was focused on the carrying parts of the structure and 
because final form of the fastening plate was not fully developed at the time of analysis. Fastening 
plate was drawn as one whole part, instead of two parts with complicated inner geometry (Figure 23). 

 

Figure 23. Latest geometry of fastening plate’s 2 parts (left) and geometry of fastening plate used in FEM analysis (right) 

The fastening plate (Figure 23) was created as a 3D, solid, deformable part with extrusion, and the 
shaft stabilizer was done in CAD program Inventor and imported as a step-file into Abaqus as a 
deformable 3D part. The stabilizer’s geometry was adapted at the shaft steering location so that the 
pressure from the shaft could be applied without larger deformations. The part could have been 
simplified even more due to symmetrical appearance in x-axis (see Figure 23, right) but was not 
because of low computational time.  

 The first simulation was done with both fastening plate and shaft stabilizer made out of EN 1.4301 
steel (with 200 GPa as Young’s modulus, and 0.3 as Poisson’s ratio). In the second simulation, the 
fastening plate was assigned POM-plastic as it’s material (with 3 GPa as Young’s modulus and 0.44 as 

Material Yield strength [MPa] Young's modulus [GPa] Poisson's ratio 
Steel 1.4301 190 200 0,3 
POM plastics 70 3 0,44 

Tabell 1: Material properties (aalco, 2019) (DMH, 2017) 
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Poisson’s ratio (CROW, 2015)), and the shaft stabilizer was made out of steel EN 1.4302 as in first 
simulation. POM was assumed to have linear elastic properties up to plasticization. Simulation with 

POM was done with different Young’s modules in order to get a better picture regarding the non-linear 
properties of the plastic material during loading. Lowest value, 0.7 GPa, was calculated from a stress-
strain curve for POM (Figure 23) with formula: 𝐸𝐸 = 𝜎𝜎

𝜀𝜀
  

Step definitions and interaction properties - Fastening plate and shaft stabilizer 
Static general step was created and nonlinear geometry was chosen. The maximum number of 
increments was set to 100 000 with an size ranging from 0.1 (initial) to 0.5 (maximum). 

Surface-to-surface contact was chosen as interaction and sliding was formulated as finite. A surface on 
the shaft stabilizer was chosen as master (purple) and a surface on the fastening plate as slave (crimson 
(see Figure 24). Tangential behavior was chosen as contact property and a friction coefficient of 0.22 
was set for the first steel-on-steel simulation (Collins, et al., 2010). For the second steel-on-plastic 
simulation 0.28 was chosen as friction coefficient (DMH, 2017). 

Figure 25. Contact surface definition, master (purple) and 
slave (crimson) 

Figure 24. Stress-strain curve for POM, source: (CAMPUS, 2019) 

Stress-strain, Delrin® 100 NC010, POM, DuPont 
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2.6.2.2 Loads and Constraints - Fastening Plate and Shaft Stabilizer 

The fastening plate was encastred at the holes in each corner, and the shaft stabilizer was constricted 
to only be able to move in the y-direction and rotate around the x-axis. Pressure was put on the shaft 
stabilizer that represented the force from the spring at 14 N in z-direction, as well as with the force 
that represented the weight in y-direction (Figure 25). Force was translated into pressure with formula: 

𝑃𝑃 = 𝐹𝐹
𝐴𝐴

 

 
2.6.2.3 Mesh and Elements - Fastening Plate and Shaft Stabilizer 

A convergence test (seen in Figure 26) was performed and the final mesh consisted of a 1.6 global seed 
size and 0.6 locally for the fastening plate, and 1.35 for global and 0.6 for local seed size for the shaft 
stabilizer. One partitioning was created on the stabilizer, otherwise meshes were refined by the edges 
of the parts. 10-node quadratic tetrahedron elements were used in meshing both parts (Figure 25). 
The stabilizer consisted of 5544 elements and the fastening plate of 17362 elements. 

  

Figure 27. Convergence test - fastening plate/shaft stabilizer 
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Figure 26. Loads from spring (red & left) and weight (red & right) applied on shaft stabilizer in Abaqus 
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2.6.3 Locking Profile and Locking Plate 
The idea was to test how the locking system is reacting to the given load, 13.2 kg (multiplied with the 
security factor 3), find weaknesses in geometry and to see where the stress concentration is largest. 
The locking system is containing a plate and a profile part. Simulation was done on 4 heights of the 
profile (see Figure 28) and compared in order to see in which position the part was subjected to 
largest stresses. 

 

2.6.3.1 Model Geometry and Material Properties – Locking Profile & Locking Plate 
The geometry of the profile part was simplified to only contain the geometry which is used when the 
plate is sitting in its locked position. The steering part of the locking profile was “peeled off”. Both 
profile and plate geometries were created as 3D deformable solid parts with extrusion. The geometry 
was simplified due to its symmetric characteristics. The part was filleted at locations where singularity 
would have occurred due to cracking (Figure 29). 

Figure 28. Final meshing of fastening plate (left) and shaft stabilizer (right) 

Figure 29. Locking positions, 1 to 4, in stress analysis of locking profile 
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 Material was only set for elastic behavior due to the purpose of the analysis. Material steel 1.4301 
was chosen for both parts and data was set as 200 GPa for Young’s modulus and 0.3 for Poisson’s ratio. 

2.6.3.2 Step definitions and interaction properties – Locking profile & locking plate 
Static step was chosen due to the static nature of the problem. In the created step nonlinear geometry 
was chosen due to shape deformation which changed the structure stiffness when the load is applied 
(Kurowski, 2004). 

In contact surface-to-surface contact was chosen due to the properties of the case. Finite sliding was 
chosen. A surface on the plate was chosen as master surface and a surface on the profile was chosen 
as slave surface. Tangential behavior was chosen with penalty and a friction coefficient of 0.18 (aalco, 
2019).  Normal behavior with “hard” contact was tried out with same results.  

2.6.3.3 Loads and Constraints – Locking Profile & Locking Plate 
The locking profile was encased at the pinholes (Figure 31) and the locking plate was constrained only 
to move in y-direction. These boundary conditions represented the reality in best way possible.  The 
system was cut in half and locked with symmetry constraint in x-direction (Figure 31 (right)). 

Figure 31. Boundary conditions for locking profile and plate 

Figure 30. Filleted parts of the locking profile (in red) 
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The force was divided when applied due to the symmetrical simplification. The placing of the load was 
simplified and set at the top of the locking plate as pressure (Figure 31) due to analysis purposes of the 
locking profile. The aim was to see how the stresses are distributed primarily in the locking profile. The 
final geometry of the locking plate was not decided at the time of FEM analysis. 

2.6.3.4 Mesh and Elements – Locking profile & Locking Plate 
The locking plate was meshed with seeds of 0.6 approximate sizes globally. Initially profile part was 
partitioned at the places of stress concentration for convergence purposes. Partition and mesh 
refinement showed that convergence was already obtained with the first coarser mesh. The profile 
part was meshed with 0.9 approximate global size seeds and down to 0.6 approximate size elements 
locally. The profile consisted of 60765 elements and the plate of 9926 elements. 

Figure 33. Convergence test for locking profile and plate 

Figure 32. Load applied as pressure on locking plate in Abaqus. 
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Elements that were used were 10-noded quadratic tetrahedrons (as seen in Figure 34).  

Figure 34. Final meshing of locking profile (left) and Locking plate (right) 

2.7 Prototype Building and Experimental Trials 
The prototype was created using a 3D printer (model: Flashforge Inventor) and made use of rough 
tolerance levels when printing, as this prototype was meant for experimental purposes (see appendix 
9 p. 69). Originally the intention was to create a finer version once a satisfactory rough prototype would 
have been created, and been proven to work as intended. However due to time restrictions, no final 
prototype was produced. 

As the last phase of the development process, the final experimental trials (which would have been 
conducted upon the final prototype) would test and evaluate the user experience of the prototype and 
the validity of its functions. 

  

Figure 35. Photos of parts of the prototype 
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2.7.1 Prototype Construction 
The first 3D printed part was the locking profile and a square meant to go into its locking position (as 
seen in right frame of Figure 34). The principle of the locking mechanism (see appendix 7 p. 64) was 
tested and with what potential angle the locking shaft (see appendix 7 p. 63) which was pulling the 
lock into the profile could enter the locking profile. The next part that was produced was the fastening 
plate and the spring house (see Figure 34 and appendix 7 p.65), which were mounted on the basket. A 
bolt of the same diameter substituted the intended shaft and a fitting spring was mounted onto it. The 
handle and baseplate where made of wood. Another locking plate able to be attached to the shaft was 
created. 

2.7.2 Trial and Errors 
By testing the 3D printed height adjustment prototype, the construction of the device was 
investigated. Problems with the handle twisting inwards and a created momentum caused concerns. 
A detailed report of the problems that occurred can be read in appendix 9. However due to the 
roughness of the prototype and problems with shrinkage of the 3D printed plastic components, some 
of the problems may have been exaggerated. 

2.7.3 Functionality of Prototype 
By stabilizing the basket with one hand and using the other for lifting (with the handle), a stable lift 
was possible, so a measure of success was achieved. The principle illustrated that the concept would 
work, however, a steering feature was required to guarantee the locking plate’s setting into the locking 
profile. The overall results of the prototype trials led to an alteration of design concept a revision D 
which can be seen in appendix 7 (p.58). 
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3. Results 

3.1 Design Process & CAD solution 
The final concept is presented in Figure 35 below. Two of these units are placed on both sides of the 
upper basket so that altering elevation independently will be possible, with the two devices being 
mirrored of each other. For simplification only the right one will be presented in depth. 

The unit itself is divided into sub-assemblies, and parts with separate drawings attached to them with 
exception made for the components that are to be outsourced. Examples of these are the pins and 
springs (as seen in Figure 36) (spring calculation made in appendix 6 p. 59) since standard components 
are cheaper to buy and have less of an environmental impact.    
The unit is able to be controlled and locked within an interval of 70 mm with 17 different lock levels 
to choose from. 

 

Figure 36. Final concept solution 

Figure 37. Final design solution (main assembly) drawing created using ISO 2768-m standard (Taavola, 2011) 
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A rounded locking profile (item 3 in parts list seen in Figure 36 and appendix 7 p. 62) allows the handle 
to be released in any position within the lifting interval where a spring pulls the locking inwards into a 
locked position. The handle is able to be held in multiple lifting positions. A steering (as seen in Figure 
36 upper left corner) guides the lifting motion for a more controllable lift. A detailed view of the 
components and sub-assemblies is presented in appendix 7 (p. 62). The stainless steel used is through 
ISO standard EN 1.4301 (see appendix 8 p. 67 for reasoning) and the plastics used is POM. 

3.1.1 Operational Process of Concept a 
The method of changing the baskets height position is shown in Figure 37. The procedure can be 
structured into four steps which show the locked positions in steps one and four and the unlocking 
and height alteration illustrated in steps two and three. Step one illustrates the start location, this 
position will vary on previously selected elevation level but regardless of which one has been chosen 
in this step the height adjuster is locked. Unlocking the system in order to allow for vertical movement 
is done by pulling the handle outwards (step two). Next the desired elevation can be chosen (step 
three) and then the handle can be let go, a compression spring will pull the handle inwards and thereby 
locking the system (step four) which concludes the operational procedure. 

 

3.2 Results of Analytical Calculations 
• Horizontal displacement of height adjuster: 4.8 mm 
• Angular displacement of height adjuster: 7.9° 
• Widening of base plates: 12.6 mm 
• Pressure in locking socket in locked position: 11.5 MPa 
• Bearing stress in fastening plate in lifting position: 4.1 MPa 

  

Figure 38. Operational Process, step 1 to 4 

1 2 3 4 
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3.3 FEA Results 
Fastening Plate & Shaft Stabilizer 
Maximum stress in the fastening plate that was made of steel reached 44 MPa and maximum stress in 
the plastic plate reached 28 MPa, as it is possible to see in figure 35.  

Locking Profile & Locking Plate 
Maximum stresses differed at different positions as presented in the Figure 39 below. 

3.4 Results of Prototype Testing 
The prototype trials led to the introduction of a steering device that is developed in order to prevent 
the locking from failing, and to provide a more stable lift. Although it was concluded that further tests 
needed to be conducted in order to prove the functionality of the steering device and the system as a 
whole unit. 

Figure 40. Maximum stresses at different heights of locking profile 

 

Figure 39. Max stresses in fastening plate. Steel 1.4301 (left) and POM-plastic (right) 
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4. Discussion 

4.1 3D Design Using CAD-software 
In contrast to reality, anything can be constructed in CAD, in any shape imaginable. The danger that 
arises is creating parts that cannot, or at least in a practical manner, be produced. Depending on 
material and production practice, the available shapes may vary. Without studying in detail how every 
component is to be produced, with what specific manufacturing method and process it may be done, 
it is difficult to say whether a computer model is able to be reproduced in the intended capacity, or 
whether the post-changes would have to be implemented in order to adjust for reality. Lastly, certain 
aspects of the unit, as the steering, had been debated upon whether this solution would work as 
intended, or whether the lift movement would be unstable and disjointing. 

4.2 Analytical Calculations 
Analytical calculations showed that the system should withstand displacements, horizontal and 
angular. Further experimenting with physical prototype is needed for a definitive solution of the 
problem with displacements. Stress calculations showed how large stresses the parts should be 
subjected to in two critical positions, lifting and locked. The dimensioning of parts was confirmed to 
be sufficient. Stresses were compered to results from FEA. Results did not match completely but it was 
possible to see validity of the analytical calculations. The difference between results from Abaqus and 
hand calculations can be explained that in FEA the stress is concentrated to a much smaller area than 
in analytical calculations.  

4.3 FEA 
Fastening plate & shaft stabilizer 
As it is possible to see from the results of the simulations, the plastic and metal plate reacted differently 
to the loads. The metal plate had the highest stress concentration right at the opening where the 
bearing and the plate connected, while the plastic plate had the highest stress concentration all the 
way in the connection socket (see fig. 29). The stress was lower in the plastic part but POM-plastic had 
a substantially lower yielding strength compared to steel 1.4301, 70 MPa compared to 190 MPa. Still 
the stress in the plastic part simulation reached from 27.7 to 28.2 MPa, depending on chosen Young’s 
modulus, which was far from plasticization point of 70 MPa (55 MPa at 60°). POM’s yield strength 
reduced from 70 MPa, in room temperature, to 55 MPa, at 60° Celsius (which was maximum operating 
temperature inside the washing chamber), which was taken into account. Although, when the 
temperature reached 60°, the machine was closed with the upper basket in its washing position, and 
in no contact with a person who could lean on it with its body mass. Therefore the security factor was 
set the same through all the simulations. The advantages of the fastening plate produced out of plastic 
instead of steel must be taken in consideration when deciding material. Linear elasticity simplification 
of POM should also be taken into account.  A non-linear simulation should be done before deciding on 
material. 

Locking Profile & Locking Plate 
Yielding strength for steel 1.4301 is 190 MPa. The simulation showed that highest stresses in position 
4 (Figure 40) were roughly four times lower than that. In the simulation the forces were applied directly 
to the locking plate and in the reality this would not have been the case. Forces would have been taken 
up by other connections throughout the system, although this connection would have been the main 
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carrier of forces when basket is locked in its position. The simulation confirmed that the dimensioning 
of the part was sufficient in aspect of sustaining the loads. Why the stress was highest at the bottom 
part of the profile could be explained by the fact that there is less material there to withstand/absorb 
the load.  

4.4 Fatigue Stress 
No investigation of fatigue stress has been published, although spring calculations and 
recommendations have been examined, by studying technical data of materials. However, no major 
calculations have been conducted on the whole system, the shaft, locking etc. Since the height 
adjustment system is supposed to be able to be alter height (and lock successfully) at least 10 000 
times within its life time (design goal see appendix 3 p. 46), fatigue might play a major role in choosing 
the material of certain parts, and more extensive calculations (such as fracture mechanical and spring 
buckling computations) and testing are required in order determine whether the system does not fail 
within its operational life time.  

4.5 Material Selection 
There are practically an infinite amount of materials to choose from, however, ASKO uses 124 (an exact 
list of these materials has not been provided and cannot be presented). An extensive search for 
materials could have been done, even though the client had not used the same material prior, to 
suggest more suitable alternatives to what is currently used from a mechanical property, 
environmental or manufacturing aspect. However, because of the corrosion, chemicals used, and quick 
changes in temperature, many materials that would have been contenders, to the ones utilized 
currently, are discarded. Furthermore, development with untested materials could be a costly 
endeavor, therefore using existing, well tested, materials is preferred. Alternative materials were 
explored nonetheless with a software called CES Edupack (see appendix 8 p. 67) once the construction 
process was completed. 

  

Figure 41. Stress distribution at locking position 4 
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4.6 Reconstruction of the Upper Basket  
In order to facilitate the proposed design solution with the height interval of 70 mm, the upper basket 
would need to be altered (more detailed information in ch. 2.5.3). The upper basket must compress 
where the base plate meets the basket (blue zones in Figure 41) or the dishwasher must be enlarged 

to facilitate the tilt required and so the potential volume of dishware that can be loaded is reduced. 
The cost associated with the redesign of the upper basket would also be substantial. Not only will 
tooling and machinery associated with manufacturing the basket be necessary to change, tests and 
experimental use of new baskets will be required. In order for the stepless height adjuster to be 
implemented, the increased worth of the dishwasher must therefore offset any redesign requirements 
of the basket. It is not unthinkable that such a feature might lay dormant until a new design layout of 
the basket would be conceived. 

4.7 Technology, Society and the Environment 
Once the project begins to realize, a LCA (Life cycle analysis) should be performed on the developed 
design idea. The materials used in production and its environmental impact should be studied and 
alternative “green” materials could be searched for. The LCA process for industrial production of a 
component could be divided into different stages of the products life (as seen in Figure 42), where 

Figure 43. LCA process: Cradle to cradle different stages of 
the product (Kalpakjian & Schmid, 2009) 

Figure 42. Top view of Upper basket with blue 
regions representing the reduction size of the basket 
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every aspect of the products life would be investigated. The LCA should be carried out in accordance 
of ISO 14040 (Finkbeiner, et al., 2006).  

However until the exact process of manufacturing, distribution and transference is known, the LCA 
cannot be utilized effectively. A material selection process can however be carried out where available 
materials are compared with each other. By using a software called CES EduPack 2018, the 
environmental impacts of different materials can be investigated (see appendix 8 p. 67). The client 
utilizes EN 1.4301 stainless steel and plastic POM components, and according to results gotten from 
CES EduPack 2018, the currently used steel seem to be the most suitable. The POM plastic could be 
replaced with thermoplastic starch (plasticized) although the gain is small (as seen in appendix 8). 
Therefore there is little to no reason at this moment to choose an alternative material from an 
environmental standpoint. Both materials are recyclable and once the dishwasher is supposed to be 
dispensed with, as many components as possible should be recyclable (Källström, 2014). This in order 
to reduce the need for new extraction of raw material as extraction of minerals is negative for the 
environment. This is also detrimental for the people living nearby, as pollution agents such as noise, 
soot and heavy metals can be expected from such an operation (Gröndahl & Svanström, 2011) (Li, et 
al., 2013). The unit must therefore limit its environmental footprint and potential health-hazardous 
processes involved in the production, material selection, transport and distribution. ISO 26000 could 
be used to steer the corporate decisions regarding social responsibility where CSR (Corporate Social 
Responsibility) would be enacted to ensure responsibility and portray a positive corporate public 
image. The social and environmental footprint of production and other processes are measured and 
recorded with responsibility and accountability in mind. (Moratis & Cochius, 2011) 
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5. Conclusions  
By comparing the results (ch. 3) with the goals and purpose (ch. 1.2.1) subsequent conclusions can be 
made (see Figure 43): 

• A design solution that achieves the requirements made in ch. 1.2.1 has been developed. A 3D 
CAD model has been created and drawings of the most essential components have been 
generated. A prototype has been created in order to reaffirm the success of the device and 
operational tests have been performed upon concept (see Appendix 9 p. 69) although further 
testing remains to be done the results point to a preliminary success. 

• By defining stepless in an interval, the intended user should not be able to tell the difference 
between levels. Even though the concept has 17 locking levels, the distance between locking 
positions are slight enough to make it appear stepless. The handle is intended to let go once 
the wished height position is reached and so noticing any steps might be difficult, however, 
the exact amount of steps utilized in a final end product would have to be determined by a 
future user study. 

• The handle is clearly visible with a color code so that the user will see it and know instinctively, 
due to its form, how to operate the handle. Tests of the function has been limited to a 
prototype so it might be difficult to draw a definite conclusion, but preliminary results (see 
Appendix 9) are promising, although the tests were not free from problems. However, the 
primary function was achieved in testing. Lifting when holding the handle close to the locking 
was fairly easy and with small angles the concept worked just as intended. More detailed tests 
are however essential to ultimately prove the functionality of the device. 

• Even though DFMA (design for manufacture and assembly) has been utilized for the creation 
process, what is “easy to manufacture and mount” must be compared to the currently used 
solution (seen in Figure 3 & Figure 2). The developed feature is substantially more complex (as 
it must be with the goals set), however, less than 20 components per side have been used and 
an effort has been made to shorten the assembly process. 

A deeper analysis of the results is presented in Appendix 11 (p. 73) where each design objective of the 
design specification (Appendix 3, p. 46) is compared to the resulting final concept solution (see Figure 
35 p. 28). By observing what objectives has been achieved, and searching for these in the objective 
tree (Figure 9 p. 9), the previous conclusions based upon which goals of the project specification were 
met (see Figure 43) can be corroborated.   

 

 

Figure 44. Project specification  

- - 
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6. Future Work and Recommendations 
Since the production process needs to mature before the realization of the device can be considered 
complete, some of the work must be conducted in the future. Some of these tasks and 
recommendations will be suggested: 

• Continuing work on the life cycle analysis (LCA) in accordance of ISO 14040 (as previously 
written in ch. 4.7) where all of the aspects of the product is to be calculated by its “triple 
bottom line” (Finkbeiner, et al., 2010) which refers to the economic, social and environmental 
effects production of this feature. In turn continuing work utilizing LCA on the remaining 
components inside ASKOs dishwashers could lead to a more enlightened view of the 
consequences and costs of production. New materials could be implemented, perhaps plastics 
could be used in a larger capacity. The process of manufacturing could strive for re-usability 
for components where discarded dishwashers were stripped and certain parts reused. With 
this initiative an attempt to strive for a sustainable future would have been made. 
 

• Alternative lift solution (gears): A pre-study made on the dishwasher provided by ASKO and 
manual calculations discarded gears as a viable solution due to the tilting movement (see ch. 
2.5.1) however with the discoveries made especially in regards to the locking and the shaft 
stabilizer (see Figure 78 and appendix 7 p. 62) a possible rack and pinion solution would be 
viable and wouldn’t have need of an external steering. The handle could also be potentially 
replaced with alternatives that fit the lifting process better which would be found out through 
experiments and detailed prototype building left for a future study or thesis. There are many 
alternatives to what could succeed the suggested design (see ch. 3 results) however the 
resulting concept (see ch. 3 results) achieves the goals set (as described in ch. 4) and should 
be properly constructed and tried before any additions or alterations are made to the design.   
 

• Optimization; as seen in the FEA and through manual calculations, many of the components 
are over dimensioned and set with a safety factor well above what is required. A deeper 
analysis should be conducted on the components to determine what level of stress each 
component could withstand and if the safety factor is too large. Perhaps other materials such 
as plastics could be introduced as alternatives.  
 

• Value engineering (Cross, 2008) and further work in accordance to DFMA (Mesa, et al., 2018) 
should be continued to see what components can be replaced with cheaper, more suitable 
alternatives from a manufacturing and assembly perspective. For instance the Springhouse 
and fastening plates (see Appendix 7 p. 65) could use additional resources in order to find 
alternatives to reduce the number of components used. 
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Appendices  

Appendix 1. Work Breakdown and Time Plan 
A time plan was devised and followed to the extent it was possible, however unforeseen events and 
problems arose that forced changes to the time plan. By observing the Gantt charts below (see Figure 
44 and Figure 45) the yellow boxes represent the delays that were necessary as work in other areas 
were necessary. The literature study required additional time to complete due to the uniqueness of 
the feature and lack of similar publicized work. The methods used to reach the final concept design 
(FEA, CAD-design, prototype building etc. (as seen in ch. 2)) also demanded more time then scheduled 
as the workload was heavier than expected. Because of this the subsequent report writing was 
delayed. With that said the product development cycle did not stray from the planned time assigned 
for the process. As this procedure is the backbone of any major project timetable the time plan were 
accurately planned out and followed to the extent it was possible to do. 

Work Distribution  

Jonas Nyman has written about and conducted the following: 

Introduction (Limitations), Product development method, Computer Aided Design, Prototype building 
and Experimental trials, Results (introduction & Operational process), Discussion (CAD, Fatigue stress, 
Material selection, alteration of Upper basket & Technology, society and the environment), 
Conclusions, Future work and recommendations, Appendix 1-3, Appendix 4 (concept a, b & c) and 
Appendix 5-11  

Vladimir Krivokuca has written about and conducted the following: 

Introduction (Background, Problem statement, Goals & Purpose, Overview), Background analysis, 
Design restrictions, Analytical calculations, FEA, Results (Analytical calculations & FEA), Discussion 
(Analytical calculations & FEA) and Appendix 4 (concept d, e & f) 
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Figure 45. the projected work schedule (Gantt chart) 
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Figure 46. Workload carried out until end of week 20 (Gantt chart) 
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Appendix 2. Competitor Analysis (2019-01-30) 

BOSCH SMU46AW01S  

This machine’s upper basket has two available positions, one upper and one lower. To alter the height 
of the upper basket, it is removed and put either in the top slot (which positions the slider between 
the upper and the middle wheels) or if the lower height is to be used the slider is to be positioned 
between the lower and middle wheels (as seen in Figure 46). 

CYLINDA DM3133  

A two piece plastic bracket with a latch holds the basket in place between two sliders (as seen in 
Figure 47), the latches position can be adjusted up and down (which the basket follows). 

 

 

 

 

 

 

Figure 48. Cylinda means of height adjustment (upper basket) 

Figure 47. Bosch means of height adjustment (upper basket) 
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Electrolux ESF5512L  

The Electrolux model (Figure 49) has a two piece bracket solution that loses contact with each other if 
the basket is pulled upwards but regains contact pressure if released, it allows the basket to reach two 
positions, one upper and one lower. 

Figure 49. Electrolux means of height adjustment (upper basket) 

FINLUX 1349-4A  

The basket of this model has two sets of wheels to choose from which allows for two positions when 
the basket is pulled out (as seen in Figure 50). 

 

 

Figure 50. Finlux means of height adjustment (upper basket) 
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Miele G 6620 SCu  

This washer’s upper basket can change position by holding down a yellow handle and pulling the basket 
up or down into three different set positions (at each side) (as seen in Figure 50). 

Samsung DW60M6051UW  

A plastic handle (as seen in Figure 51) is attached to a plastic bracket which allows height adjustment 
of the upper basket in to two positions, one upper and one lower. The handle is pulled which unlocks 
the basket and so the basket can be moved vertically.  

 

 

 

 

Figure 51. Miele means of height adjustment (upper  basket) 

Figure 52. Samsung’s means of elevation (upper basket) 
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SIEMENS iQ500 SN457W06IS  

The upper basket’s position is changed by a long plastic handle (Figure 52) fit to a metal bracket. 
When the lever/handle is pulled the contact between bracket and basket desists, allowing the basket 
to be moved up and downwards. 

 

SMEG ST2FAB  

A large two piece plastic bracket (Figure 53) allows for three positions in the machine which is operated 
by a small (couple cm long) latch. Even though the bracket is of large size it still wobbles and appears 
encumber some to work with. The latch also does not stand out in anyway so it's not immediately 
apparent that the baskets height can be adjusted at all. 

 
 

 

Figure 53. Siemens means of elevation (upper basket) 

Figure 54. SMEG’s means of elevation (upper basket) 
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Appendix 3. Design Specification 
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Figure 55. Design specification Rev. C 
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Appendix 4. Concept Generation 
Concept a 

A handle is used to lift the basket up and down and is pushed inwards in order to lock the baskets 
height in place (see Figure 55). When lifting the handle is pulled outwards and the roll moves through 
the center slot until wished elevation is achieved. The handle can then be let go and a spring forces 
the handle to move inwards towards the back plate. The squared sized geometry then fits into the 
notches in the back plate locking the handle and thereby the basket in place. Inside of the locking 
mechanism there is a bearing which allows the handle to be at an angle which compensates for a 
potential skew basket position and thereby makes sure that the handle is always 180° to the back plate 
so that the locking can connect properly. This mechanism also compensates for angular displacement 
by design. 

Critical Evaluation of Concept a 
When looking at the concept closely several questions emerged, “Will it operate smoothly when 
lifting”. “Does it even work”. This seems to be questions that only can be answered by completing 
experimental trials and these should be reserved for the most likely to work. For this reason the locking 
mechanism might need to be altered to a more reliable and easily checked solution. 

Trough manual calculations the frictional force needed was 𝐹𝐹𝐹𝐹𝑃𝑃 = 𝑚𝑚
1+𝑚𝑚

cos ∝ (𝑃𝑃 − 𝑚𝑚𝑚𝑚) in order to 

make the roll spin. The maximum speed achieved without external forces was calculated through the 
energy equation 𝑇𝑇1 + 𝑉𝑉1 = 𝑇𝑇2 + 𝑉𝑉2 → 𝑉𝑉1 = 𝑇𝑇2 + 𝑉𝑉2 − 𝑇𝑇1 

𝑀𝑀𝑚𝑚ℎ =
1
2
�𝑚𝑚𝑅𝑅2𝜔𝜔2 +

1
2
𝐼𝐼𝑇𝑇𝑃𝑃𝜔𝜔2� + 0 − 0 

𝑅𝑅2𝜔𝜔2 = 𝑣𝑣𝑇𝑇𝑃𝑃,   𝐼𝐼𝑇𝑇𝑃𝑃 =  
1
2
𝑚𝑚𝑅𝑅2, ℎ = 0.070𝑚𝑚, 𝑀𝑀𝑚𝑚𝑎𝑎𝑚𝑚 = 13.2𝑘𝑘𝑚𝑚,   𝑚𝑚 =

1
5

kg 

𝑅𝑅𝜔𝜔 = 𝑣𝑣𝑇𝑇𝑃𝑃𝑚𝑚𝑎𝑎𝑚𝑚 = �4𝑀𝑀
3𝑚𝑚

𝑚𝑚ℎ =
√𝑀𝑀
√𝑚𝑚

∙
2
√3

√0.6867 ≈ 7.77 �
𝑚𝑚
𝑜𝑜
� 

Figure 56. Concept a 
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With this maximum speed safety concerns could be evaluated, sudden impacts on the back plate and 
pressure inside the handle when this happens could be calculated  

Concept a Revision A 

By simplifying the locking mechanism and removing the horizontal movement of the basket relative to 
the back plate a more easily proved concept can be presented. As seen in Figure 56 the locking has 
been tilted 45° which allows absolute vertical locking. Like its predecessor the handle is directly 
attached to the basket, by pulling the handle outwards and lifting, the height level can be adjusted. 
When the handle is released springs on the backside pull the handle into the locking mechanism. The 
locking mechanism consists of an external toothed profile clamped on to the back plate through the 
handle shaft slot. 

 

 

 

(↑): 𝑁𝑁1 + 𝑁𝑁2 − 𝑀𝑀𝑚𝑚 = 0 → 𝑁𝑁1 + 𝑁𝑁2 = 𝑀𝑀𝑚𝑚 

𝑀𝑀𝐴𝐴: 𝑃𝑃 ∙ 𝑀𝑀𝑚𝑚− 2𝑃𝑃 ∙ 𝑁𝑁2 = 0 → 𝑁𝑁2 =  
𝑀𝑀𝑚𝑚

2 →  𝑁𝑁1 = 𝑁𝑁2 

𝑀𝑀𝑚𝑚 = 2𝑁𝑁1 = 130𝑁𝑁 → 𝑁𝑁1 = 𝑁𝑁2 = 65𝑁𝑁  

Concept b 

The basket is lifted by a handle, when the handle is rotated upwards a thread that runs along the 
lining of the basket pulls on and releases the grip of a locking rocker which allows for vertical 
displacement of the basket. The handle is split in two enabling the handle to be retracted when not 
in use (see Figure 57 (Handle)). When the handle is pulled upwards the thread pulls on the second 
locking rocker (see Figure 57 (Locking)). The thread itself is a music wire covered in a plastic coating 
and a small bearing fixed on the basket directs its course. Beneath the basket there is a plate that 

Figure 57. Concept a Rev A 

𝑁𝑁2 

𝑀𝑀𝑚𝑚 

𝑁𝑁1 

𝐴𝐴 𝐵𝐵 

𝑃𝑃 𝑃𝑃 
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holds two large bearings, a spring and a locking rocker (2) (see Figure 57 (Locking)). The thread locks 
and unlocks the height position through pulling the locking rocker (2) and by doing so releasing the 
tension applied to the primary locking rocker which locks the back plate (see Figure 57 (Locking)). 
When the primary rocker isn’t in tension (caused by the thread) the basket can be moved vertically 
within a fixed interval. Whereas if the handle is released the locking rocker pushes against the back 

plate and with friction holds the basket in place. 

Critical evaluation of Concept b 
When looking closer at the design solution certain questions arose such as concerns about the high 
forces/pressure applied on the thread, the spring and its tilted movement due to a displaced force (far 
from CG). Concerns also arose from the many potential errors that could arise from using a thread like 
solution as there are many steps necessary in order to make the idea work properly. If even one of 
these broke down then so would the entire system. The concept was deemed too risky because of the 
threadlike structure so the chance for failure deemed too high. Therefor after talks with the client work 
on this concept was discontinued. 

Concept c 

A handle connected to a string pulls the basket up and down with a locking profile that allows for 
multiple elevation levels. The handle has a spring-loaded connected against the hole profile which 
allows the user to simply let go when wished position had been achieved, the tension spring along with 
the pin spring guides the pin into one of the holes (as seen in Figure 58). Pulleys convert the horizontal 
movement into vertical displacement and the rounded holes in the plate are meant for wheels locked 
in a rail. These wheels prevent the plate from moving vertically and so the basket can move 
perpendicular relative to the plate. The string is a metal wire covered in a plastic material for corrosion 
protection.  

Figure 58. Concept b 
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Critical Evaluation of Concept c 
Studying the design proposal in search of flaws, firstly the tension spring needs to be relocated to the 
opposite direction in order have any other purpose then guiding the pin into the locking holes. 
Secondly the tension spring would then need to be able to sustain a very high force as: 

(↑): 𝑁𝑁1 − 𝑀𝑀𝑚𝑚 = 0 → 𝑁𝑁1 = 𝑀𝑀𝑚𝑚 

(→): 𝐹𝐹𝑆𝑆 − 𝑁𝑁1 = 0 → 𝐹𝐹𝑆𝑆 = 𝑀𝑀𝑚𝑚 = 130N 

𝜎𝜎 =
𝐹𝐹𝑆𝑆
𝐴𝐴 =

𝑀𝑀𝑚𝑚
𝑟𝑟2 ∙ 𝜋𝜋 

Lastly since strings can only receive force in tension the locking plates attached to the basket would 
need to be positioned beneath the highest point of the back plate were space is lacking. Because of 
these concerns and in talks with the clients further development on this concept has been 
discontinued. 

Concept d 

The idea is to reconstruct the current plate by removing the handle and the locking system, and expand 
the plate with height level partitioning slots for locking and a slot for a handle connection with the 
basket (Figure 61).  

The handle is directly connected to the basket at the middle of the basket (CG) for balance purposes 
with a distance rod and 2 attachment plates (Figure 59). The inside of the handle consists of an inner 
rod and a pipe which are connected with a spring for spring-back function. The inner rod in the handle 
is connected to the distance rod and fixed in its position while the pipe is able to rotate within a certain 
angle (Figure 60). The handle is coated with a plastic which also has a gripping plate with 2 hooks on it 
for attachment to the plate.  

Figure 59.  Concept c 
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Figure 62. Sketch of concept d 

Figure 60. Sketch of handle attached to basket 

Figure 61. Sketch of right and left handle in a closed/open position 
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Critical Evaluation of Concept d 
It is unclear if the locking would work just as imagined. Further experimentation with a physical model 
is necessary before detailed construction is decided, mostly concerning hooks’ length, shape and angle 
of attachment to the gripping plate on the handle but also concerning the height level slots on the 
plate and their shape. The idea behind the inner construction of the handle is not fully developed. How 
the spring and the inner rod would be assembled and coated is still not completely solved. There is a 
question concerning the attachment of the plate to the basket due to the height adjustment possibility 
on one side only. This will require that the basket is attached but still could move a certain distance 
horizontally trough the attachment because of the tilting. The tilting will also require that the distance 
between the plates is flexible and could be “stretched out” due to the increasing width which basket 
will occupy when tilted a certain angle. This problem is also solvable with a reconstruction of the 
basket. 

Concept e 

Only wheels for connection with the rails are kept from the original plate and the plate is expanded 
with a slot for a handle (Figure 62).  

On the plate, on each side of the handle, there are two tracks with height level slots for possibility of 
locking built out from the plate plane by a distance (Figure 63). This distance allows the heightening of 
the basket on one side only. The tracks does not allow the handle to move beyond the tracks highest 
and lowest points by locking it in their interval.  

Figure 63 Sketch of concept e 
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The handle is equipped with a button which enables the locking at a wished height. When the button 
is pushed in the spikes at the sides of the handle with which locking is enabled are indented for height 
adjustment possibility. When the button is released the spikes are extracted and the handle and the 
basket are locked in place (Figure 65). 

 

Critical Evaluation Concept e 
The construction of the inside of the handle is not fully developed. The position of the spring, the 
button connection and the overall construction of the inner workings of the handle should be 
reviewed. There is a question whether the spikes in a certain situation could be extracted and lock on 
two different levels because of unleveled movements between the basket and the plate when height 
is adjusted. The plate’s attachment to the basket is another area which needs more attention. When 
the basket is heightened only on one side the basket will move horizontally and turn. The attachment 
hook should be so large that it can take up this horizontal and angular displacement of the basket. The 
plates should be able to flex outwards or the basket should be reconstructed when the basket is tilted 
to the maximum height on one side only. The basket will want to take up more space in width when 
tilted. 

Figure 64. Sketch of concept e locking profile 

Figure 65. Sketch of concept e’s locking, locked (left), unlocked (right) 
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Concept f 

Concept f was meant to work on a scissor lift table or jack-screw principle (Figure 66), where one side 
of the scissors is attached to the basket together with the screw, and the other part is attached to the 
railing together with wheels and their housing. The wheel housing and wheels are placed on top of the 
rails. The wheels which facilitate the possibility of elevation are placed inside the wheel housing, 
allowing wheels to move in baskets extraction direction and allowing an angular displacement because 
of the tilting feature. The wheel housing is open at bottom and sides so that nothing gets stuck in there 
during a washing cycle. The screw is operated from the front of the basket by a rotating wheel, which 
can have several different appearances depending on the desired function. 

Critical Evaluation Concept f 
Problematic areas in concept f were elevation, and the crew’s length and attachment to the basket. 
Elevation could, depending on the screw’s thread, be a slow operation where the user needs to spin 
the wheel many times before the desired elevation is achieved. The screw’s length and attachment to 
the basket could possibly make the system work less smooth than if the wheel was placed closer to 
the scissors.   

  

Figure 66. Scissor lift table 
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Appendix 5. CAD Construction Progress of Concept a 
Record of concept a and its detailed progress report describing some of the problems and reasons for 
redesigns of the revised versions of the concept. 

Concept a 

Concept a utilizes a geometrically locked plate profile which changes elevation by means of a handle. 
In order to alter the height position of the upper basket the handle is dragged outwards pulling the 
locking shaft and locking plate outwards (see Figure 66 bottom right). By doing so springs within the 
backplate (see Figure 66 (green colored)) compresses and the squared lock (as seen in Figure 66 
bottom right) snags out of the white cloroed locking profile which then allows for free vertical 
movement. A wheel (as seen in yellow in Figure 66) guides the handle and when the requested height 
is achieved the handle is let go and the springs pull the shaft and attatched lock inwards. Teeth in the 
locking profile then prevents displacement. 

A. Concept a Rev. A 
• The tilting mechanism was blocked by the wheel and so could not function properly 
• The compression springs used would cause the system to shake and be unstable when handle 

was being used to alter the height position 
• The handles design collided with the rails 
• The relative small distance between the basket and the base plate would mean collision with 

even the smallest of inclines  
 
 

Figure 67.  Concept a REV. A, preliminary results, left view portrays the concept while top right illustrates the basket 
attachment, springs and shaft. Bottom right shows the tiltable locking unit as well as the white locking profile 
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B. Concept a Rev. B 
• Since the handle rotates to facilitate tilting of the basket, the lock must be perpendicular to the 

locking profile (as seen in white in Figure 23) and questions were asked whether or not the locking 
would enter the profile straight or whether when the locking would hit the profile. The locking 
would jerk and fail to enter the correct locking slot, thereby failing to lock properly. 

• Since the shaft won’t be perpendicular to the base plate in situations when the basket is tilted up 
or downwards. Using Pythagoras theorem the locking interval of 70 mm will not be reached with 
a 70 mm long slot in the locking profile and solving this problem by elongating the locking profile 
should be avoided due to existing space restraints. 

• Because of the small contact area between the locking mechanism (seen in light grey in lower right 
part of Figure 66) and the locking profile (white), holes such as the one the bearing is positioned 
in (see Figure 68) increases the risk of the system failing to lock. Heightening the applied pressure 
(less contact area) and problems may arise with increase friction as the sharp edges tug and 
potentially damage the locking profile  

• The wheel (even though it serves a guiding role) may be redundant as stabilization and might be 
achieved in another capacity since the wheel is fixed inside of the fastening plates (grey in Figure 
66 (top right view)). The wheel would not roll and by not doing so would cause frictional force 
along the sides of the locking profile, thereby hindering an eventual user to operate the unit 
smoothly. 

C. Concept a Rev. C 
• The locking was found to be overly complex and required multiple steps in order to assemble and 

required a very tight tolerance in order to operate most efficiently   
• The momentum caused by the basket when lifting as described in Appendix 9 (p. 69) required a 

reconstruction and creation of a steering which stabilized the lift and locking of the system 
(momentum illustrated in Figure 69) 

Figure 68. Concept 1 Rev B locking 

TP 

Figure 69. Front side view of Upper basket  

250mm 

• Basket (black) 
• Base plate (blue) 
• Handle (green) 

 
P=130N 

P 

N 

B 
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Design Revision D for concept a 

An adaption was made when tests of the locking allowed for large locking angles (upwards of 45°). By 
applying Ockhams razor (Wikbergh Nilsson, et al., 2016) excess features were removed, the locking 
was simplified with a theoretical acceptable result. The inner shaft bearing was removed. The handle 
was given a thin plate to stabilize the handle during lifting (as the plastic grip on the steel arm was 
deemed insufficient). From tests of this device results can be seen in appendix. 9 (p. 69)  

A steering was required in order to compensate for a momentum caused by the weight of the basket. 
This tilted the handle and pushed the locking outwards, thus unlocking the system. The locking used 
in previous revisions would have compensated for the momentum. However the solution would not 
have compensated for the unbalanced and unstable lifting movement. Therefor a steering profile (as 
seen in yellow in Figure 70) was constructed which sought to improve the unstable lift movement and 
offsetting the inwards momentum (see Appendix 9 for more detailed information) 

Figure 70. Concept a Rev. D, Left view shows an explosion view of the concept, upper right figures illustrates the 
steering and the lower right provides a cut through view of the device 
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Appendix 6. Construction Process - Spring 
When an appropriate geometry has been found, calculations need to be made in order to determine 
material choice, thickness and possible alterations to the model in order to avoid plastic deformations 
or perhaps a system collapse. As the environment inside a dishwasher is highly corrosive with distinct 
temperature changes, corrosion protection and material fatigue must be taken into consideration 
when building the unit.  

P=130N 

𝑁𝑁1 𝑁𝑁2 

(↑):𝑁𝑁1 + 𝑁𝑁2 − 𝑃𝑃 = 0 → 𝑁𝑁1 +𝑁𝑁2 = 𝑃𝑃  

𝑀𝑀𝐹𝐹 = 𝑁𝑁1 ∙ 𝑥𝑥 − 𝑁𝑁2 ∙ 𝑥𝑥 = 0 → 𝑁𝑁1 = 𝑁𝑁2 = 𝑁𝑁   

(↑): 2𝑁𝑁 = 𝑃𝑃,𝑁𝑁 =  
𝑃𝑃
2

(𝑤𝑤𝑜𝑜𝑜𝑜ℎ 𝑁𝑁𝑠𝑠 = 2 → 𝑁𝑁 = 𝑃𝑃 = 130𝑁𝑁 

(←):𝐹𝐹𝑠𝑠𝑠𝑠𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠 − 2 ∙ 𝐹𝐹𝑓𝑓𝑃𝑃 = 𝑚𝑚𝑃𝑃𝑆𝑆𝑠𝑠𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠   

𝑚𝑚𝑃𝑃𝑆𝑆𝑠𝑠𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠 > 0 𝑃𝑃𝑜𝑜 𝑟𝑟𝑜𝑜𝑟𝑟𝑜𝑜𝑃𝑃𝑜𝑜𝑜𝑜, 𝑁𝑁 = 𝑀𝑀𝑚𝑚 cos ∝ 

𝐹𝐹𝑓𝑓𝑃𝑃 = 𝜇𝜇 ∙ 𝑁𝑁 = 𝜇𝜇𝑠𝑠𝑙𝑙𝑠𝑠𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ∙ 𝑁𝑁 = 0.1 ∙ 𝑁𝑁 

0.1 ∙
𝑀𝑀𝑚𝑚 cos𝛼𝛼

2
= 𝐹𝐹𝑓𝑓𝑃𝑃  

(←):𝐹𝐹𝑠𝑠𝑠𝑠𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠 − 2 ∙ 0.1 ∙
𝑀𝑀𝑚𝑚 cos𝛼𝛼

2
= 𝑚𝑚𝑃𝑃𝑆𝑆𝑠𝑠𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠   

𝐹𝐹𝑠𝑠𝑠𝑠𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠 =  𝑚𝑚𝑃𝑃𝑆𝑆𝑠𝑠𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠 + 0.1 ∙ 𝑀𝑀𝑚𝑚 cos𝛼𝛼 

α𝑚𝑚𝑎𝑎𝑚𝑚 = 10° →  cos𝛼𝛼 ≈ 1, 𝑚𝑚𝑃𝑃𝑆𝑆𝑠𝑠𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠 > 𝑚𝑚, 𝑚𝑚𝑃𝑃𝑆𝑆𝑠𝑠𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑚𝑚(2𝑚𝑚) 

𝐹𝐹𝑠𝑠𝑠𝑠𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑚𝑚 ∙ 2𝑚𝑚 + 0.1 ∙ 𝑀𝑀𝑚𝑚 ≈ 14𝑁𝑁 

 

 

  

𝐹𝐹𝑆𝑆𝑠𝑠𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠  

𝐹𝐹𝑓𝑓𝑃𝑃  

𝐹𝐹𝑓𝑓𝑃𝑃  
Figure 72. Topside view of 
locking 

𝛼𝛼 

𝐹𝐹𝑓𝑓𝑃𝑃  

𝐹𝐹𝑓𝑓𝑃𝑃  

Figure 73. Left side view of 
locking with potential angle 𝛼𝛼 

M=13.2kg 
m=0.05kg 
g=9.81m/s^2 
𝜇𝜇𝑠𝑠𝑙𝑙𝑠𝑠𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 : 
Interval of 0.03 – 0.25 
(Collins, et al., 2010) 

Figure 71. Force calculations on upper basket, (N represents the forces 
applied on the locking) 
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Calculation of Forces and Pressure(s) 

The spring must displace the locking system and steer the locking into the lock by pulling the locking 
shaft inwards 10mm. By following the guidelines of helical-coil spring design (Collins, et al., 2010, pp. 
562-564), first a sketch outlining the most important demanded specifications of the spring were 
produced (as seen in Figure 75). Then the failure mode was located. As this spring is dynamic in a wet 
environment, fatigue and corrosion seems to be the largest factors even though buckling might be as 
well. Because of these three factors the following demands were made on the spring: 

• No more than 80 % displacement to solid height of the spring would be allowed 
• The wire should have some (nontoxic) corrosion protective coating 
• The wire should not make contact with the body of the locking shaft (only the top) 

Music wire was deemed the most appropriate material due to its heat resistant properties and its 
innate corrosion resistant behavior and the safety factor was preliminary decided to be two and by 
following equations (14-21, 14-23) (Collins, et al., 2010) 

 𝑦𝑦 = 10𝑚𝑚𝑚𝑚 =
64𝐹𝐹𝑅𝑅3𝑁𝑁
𝑑𝑑4𝐺𝐺

→ 𝑁𝑁𝑎𝑎𝑃𝑃𝑃𝑃𝑠𝑠𝑎𝑎𝑃𝑃 =
(10 ∙ 10−3)𝑑𝑑4𝐺𝐺

64𝐹𝐹𝑅𝑅3
= 8.22 

 
D and d were tentatively chosen and according to the spring checklist (Collins, et al., 2010) the 𝐷𝐷

𝑃𝑃
 should 

be at an interval of between four and twelve. The wire diameter (d) was set to 1 mm and the outer 

diameter was set to 10 mm, providing  𝐷𝐷
𝑃𝑃

= 10. Secondly as the design is that of a compressive spring 

“closed and ground ends” for the spring has been chosen with one inactive coil at each end. Thirdly 
since the spring is wrapped around the locking shaft (in order to prevent buckling) a clearance of ten 
percent of the coil diameter was desired.   

 𝑁𝑁𝑎𝑎𝑃𝑃𝑃𝑃𝑠𝑠𝑎𝑎𝑃𝑃 +𝑁𝑁𝑠𝑠𝑠𝑠𝑎𝑎𝑃𝑃𝑃𝑃𝑠𝑠𝑎𝑎𝑃𝑃 = 10.22, 𝑁𝑁 = 11 

With d of 1 mm, the solid height of the spring would be 11 mm, with no more than 80% displacement 

to solid height provides (see Figure 75) provides the minimal operational length (a) of the spring: 

𝑃𝑃 = 11𝑚𝑚𝑚𝑚 ∙ 1.2 = 13.2𝑚𝑚𝑚𝑚 

𝑐𝑐 = 13.2𝑚𝑚𝑚𝑚+ 𝑦𝑦 = 23.2𝑚𝑚𝑚𝑚 

D= Outer Diameter of 
spring 
d= wire diameter 
a= length while displaced 
c= free length of spring 
N=number of coils 
R= (D-d/2)/2 
𝑃𝑃 − 𝑐𝑐 = 𝑦𝑦 = 10𝑚𝑚𝑚𝑚 
G=79GPa 
F=14N  
𝑦𝑦𝑠𝑠 = 2 

Figure 74. Heli coil spring wrapped around the 
locking shaft in a closed space 

d 

c 

D 

a 
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FEA validation of chosen spring 

A computerized material test using FEM (see ch. 2.6.1 p. 19) was performed in order to simulate how 
the spring would operate with a point load of 14N. As seen in Figure 76 the spring compresses and 
reaches a von Mises stress of 2.3 GPa (at 80% from free length to solid). By comparing the max von 
Mises stress with the ultimate strength of the various available spring materials with music wire used 
as selected material. Using equation 14-1 with table 14.1 (Collins, et al., 2010) the following equations 
can be made. 

𝐵𝐵 = 2153.5𝑀𝑀𝑜𝑜𝑃𝑃, 𝑑𝑑 = 1𝑚𝑚𝑚𝑚, 𝑃𝑃 = −0.1625 

(14.1): 𝑆𝑆𝑢𝑢𝑃𝑃 = 𝐵𝐵𝑑𝑑𝑎𝑎 ≈ 6.6 𝐺𝐺𝑃𝑃𝐴𝐴 
𝑆𝑆𝑢𝑢𝑃𝑃
𝜎𝜎𝐹𝐹𝐹𝐹𝐴𝐴

=
𝑆𝑆𝑚𝑚𝑢𝑢𝑠𝑠𝑠𝑠𝑃𝑃 𝑤𝑤𝑠𝑠𝑃𝑃𝑃𝑃

𝜎𝜎𝐹𝐹𝐹𝐹𝐴𝐴
=

6.6 [𝐺𝐺𝑃𝑃𝐴𝐴]
2.3 [𝐺𝐺𝑃𝑃𝐴𝐴] = 𝑦𝑦𝑠𝑠 ≈ 3 

 
 

Figure 75. Spring in its free length (left) and in its solid height (right) 

𝑓𝑓𝑟𝑟𝑜𝑜𝑜𝑜 ℎ𝑜𝑜𝑜𝑜𝑚𝑚ℎ𝑜𝑜 = 23.2 𝑚𝑚𝑚𝑚 
𝑜𝑜𝑜𝑜𝑟𝑟𝑜𝑜𝑑𝑑 ℎ𝑜𝑜𝑜𝑜𝑚𝑚ℎ𝑜𝑜 = 11𝑚𝑚𝑚𝑚 
𝐿𝐿𝑂𝑂𝑃𝑃−𝑚𝑚𝑎𝑎𝑚𝑚 = 13.2𝑚𝑚𝑚𝑚 
𝑁𝑁𝑟𝑟 𝑜𝑜𝑓𝑓 𝑐𝑐𝑜𝑜𝑜𝑜𝑟𝑟𝑜𝑜 = 11 
𝐷𝐷 = 10𝑚𝑚𝑚𝑚 
𝑑𝑑 = 1𝑚𝑚𝑚𝑚 𝑳𝑳 𝑶𝑶

𝑶𝑶
−
𝒎𝒎
𝒎𝒎𝒎𝒎

 

Figure 76. FEA of spring deformed with a compressive force of 14N 
(at max. allowed deformation length showing the von Mises stress) 
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Appendix 7. Component Documentation 
Component Documentation 

Drawings of the most crucial components will be presented in order to give the reader a detailed view 
of the system. The drawings use ISO 2768-m & -f standard (Taavola, 2011). Components with no great 
bearing on the mechanical operation of the concept will not be presented. 

Locking Profile 
The intended means for holding the locking shaft in place is presented in Figure 77 below. As the 
locking profile is one of the most crucial components for the height adjuster a higher level of detail is 
required in order to reach an acceptable locking. Through experimental trials (see Appendix 9 p. 69) 
the minimum tolerance fit between the locking profile and the locking shaft was 0.1 mm in order to 
reach an acceptable lock. If on the other hand the difference between the locking profile and locking 
shaft was too great the locking would fail and fall out of its intended position (also explained in 
Appendix 9) 

 

 

Figure 77. Drawing of locking profile 
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Shaft Stabilizer 
The bearing in Figure 78 is another essential mechanical part of the height adjuster’s operational 
ability (see ch. 2.5.1 p. 16 and appendix 9 p. 69 for further information on to why this is required). 
The role of this bearing is to facilitate movement for the locking shaft and allow an angle between 
the basket and the base plate as the height adjuster is supposed to have be able to set independently 
from each side. By watching B (in Figure 78) the middle orifice is not entirely round but has a flat 
side, this is meant to prevent the shaft from rolling. The outer 4 mm protrusions at each side are 
supposed to be resting within both of the fastening plates (Figure 79) 

 
Figure 78. Drawing of Shaft stabilizer 

 

  

Figure 79. 3D representation of the position of the shaft stabilizer (blue) 
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Sub-assembly documentation 

The three sub-assemblies will be explained in detail to make it easier to comprehend the individual 
functions of the sub-assemblies and by doing so portray a clearer view of the device in the same 
manner as the component drawings. 

Locking Assembly 
The locking assembly (see Figure 84) interacts with the locking profile (see Figure 80) in order to keep 
the upper basket in a chosen position. The locking assembly consists of four parts, the shaft (2) and its 
attachable head (3), the locking plate (1) and the spring (4). The locking plate is cut from a standard 
square tube, the spring is procured by a spring supplier and needs to meet the requirements seen in 
appendix 3 (p.46). The shaft on the other hand is designed for in-house manufacturing.  

 

Figure 81. Drawing of locking assembly  

 

Figure 80. Right side view of the Locking assembly (blue) 
and its position within the height adjuster 
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Springhouse & Fastening Brackets Assembly 
The springhouse’s function is not only esthetic but also serves as a backstop and guiding for the locking 
shaft, it also protects the user and sensitive components from being damaged. The springhouse (see 
Figure 83) (3 & 4) consists of two components that are snapped on to each other and the fastening 
plates (1 & 2). The latter are assembled onto the railing of the basket and sockets screws holds them 
together. In order to assemble these components on to the basket item no. 2 in Figure 82below are 
mounted on the basket, no. 1 is then clamped on to number 2 and these are screwed together, the 
springhouse is then clamped on to these two. Even though DFMA have been implemented in order to 
improve the assembly of these parts, further optimization will likely be possible.

 
Figure 83. Drawing of Springhouse & Brackets assembly 

Figure 82. 3D view of Springhouse & fastening plates 
(blue) attached to basket 
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Steering Assembly 
The steering (see Figure 84) was created to absorb the momentum caused by the basket and to make 
it easier for the user to alter height at times the locking shaft would be tilted at an angle (see appendix 
9 p. 69 and ch 1.7 for further information). The steering consists of a steering plate (see Figure 84) (1), 
profile (4) as well as a tube (2) and a rod (3). The steering plate travels inside of the profile. The tube 
and rod functions like a periscope and extends when the handle (see Figure 85) of the device is pulled 
out.  

 
Figure 84. Drawing of Steering assembly 

 

Figure 85. 3D view of the steering (blue) illustrating its position 
within the system 
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Appendix 8. CES EduPack 
By utilizing EduPack 2018 a software with has a large database of materials meant for material 
selection. The program has the ability to apply limitations as well as being able to sort through the 
materials available and present the materials visually. By adding limiting factors, the software removes 
unsuitable materials (grey in Figure 86) and illustrates the available materials in colors.  

The known required factors necessary for a material to be used in the dishwasher for the unit, the 
material must be able to: 

• (From FEA) withstand a pressure of 60MPA (carrying components) 
• Resist corrosion innately  
• Withstand high (and shifting) operational temperature usage 
• be Non-health hazardous 
• Cost no more than 25 SEK/kg 
• Should be for metals weld able, and be able to be cold rolled and/or hot rolled. 

For the superstructure (base plate, shaft, shaft bearing etc.), the components meant to carry a load 
10 000 cycles, plastic is not an option. The material stress is too high for reliable usage. Figure 86 
illustrates a number of stainless steels represented by the green dots. By zooming in (see Figure 87 & 
Figure 88) (and removing the materials that cannot be applied in the superstructure), AISI 304 steel 
(ISO EN 1.4301) or AISI 302 (ISO 1.4310) seem to be (with selected variables) the best choices of 
material. For components which has less force applied to them plastics will be used due to weight 
restraints and cost savings (there is also an environmental aspect, as plastics require less CO2 to 
produce). Of the plastic materials (see Figure 87) thermoplastic starch, PLA, PCL and POM can be used.   

 

 

Figure 86. Material selection through CES EduPack 2018 
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Figure 88. Stainless steels 

Figure 87. Plastics 
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Appendix 9. Experimental Trials on Concept a rev. D 
A 3d printer (Flashforge inventor II) was used in order to create mock ups of the eventual design. The 
parts were printed and assembled in order to resemble and emulate the device. A number of problems 
arose 

• The Spring house (green in Figure 89) was not possible to assemble due to construction errors  
• The locking shaft has no way to prevent rotation thus the locking would fail to lock or lock in 

an unintentional slot 
• The momentum caused by the baskets weight twisted the handle and locking mechanism and 

which led to failure to lock properly  

 

 

 

 

 

 

 

�𝑀𝑀𝐵𝐵 = 𝑃𝑃 ∙ 0.25𝑚𝑚 = 32.5𝑁𝑁𝑚𝑚 

• The locking range that is the range the locking (yellow in Figure 94) has contact with the locking 
profile (white in Figure 94) was insufficient to lock the basket when the angle of the shaft was 
too great. 

 

 

Figure 90. Locking Failure, Left side: the handle is let go at an angle. 
Right side enters the lock but fail to lock and thus fall out 

TP 

Figure 89. Front side view of upper basket 

250mm 

• Basket (black) 
• Base plate (blue) 
• Handle (green) 

 
P=130N 

 

P 

N 

B 
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Designing Solutions to the Test Problems 

• The spring house (green in Figure 90) locking mechanisms were updated with a wider gap 
tolerance between the suggested fit to the fastening plates (blue in Figure 90) and were added 
a snap on connection at the opposing end 

• Two alternatives were presented to combat the undesired rotation of the locking shaft. The 
first alternative was to produce a square shaped locking rod with the bearings utilizing square 
holes the shaft would be unable to rotate. The second alternative would be to create a steering 
for the handle and locking which prevent any momentum of twisting the handle in a manner 
that rotated the shaft since the shaft is press fit on to the handle the rolling of the shaft would 
stop. Since the second alternative using a steering would also reduce the momentum while 
lifting the basket, the second alternative was chosen 

 

 

 

 

 

 

• The steering was fixed to the handle in two locations (as seen in Figure 97) this levels the 
locking shaft and only allows for insignificant angular momentum so that the locking range 
becomes less of a problem. However since there is additional space the locking profile could 
be extended to allow for a larger contact area should locking complications occur. 

• There is however questionable whether the locking failure depended on the design or the 
failure of the stabilizing bearing (see Figure 93) to actually stop tilting (at 10 °) as the 3D printed 
part was found to lack the stopping feature the design intended to have due to shrinkage of 
the bearing when the part was 3d printed (the part could spin around its own axle freely 
illustrated in red in Figure 93).    

 

𝑀𝑀𝑇𝑇𝑃𝑃 𝑀𝑀𝑆𝑆  

𝑇𝑇𝑃𝑃 
𝑀𝑀𝐵𝐵  

Figure 91 cut front side view of upper basket Figure 92 Topside view of basket 

Figure 94. Steering attached to handle 

10° 

Figure 93. Potential error in 
creation of 3D printed part 

Stop 
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Appendix 10. The Upper Basket and the Baskets Tilt 
By observing the different concepts and how these would interact with the basket, the distancing 
problem detailed in ch. 2.5.1 “Tilting of the basket” (p.16) illustrates a difference in distance 
horizontally (out of plane in Figure 95). The currently by ASKO employed height adjuster (see Figure 
95) would not have allowed for a locking interval of 70 mm as the distance between the rails and base 

plate would have been insufficient at an angle for when the lowest position of one height is used on 
one side and an upper position was used on the opposite side (see ch. 2.5.1 Tilting of the basket”). 
Should a similar plate solution be implemented the railings of the basket would therefor need to be 
redesigned in order to allow for such an extended interval (at least that is in the region where the 
height adjuster is supposed to operate). Figure 96 below provides a look at how concepts a, b, c and 
d’s base plate would be positioned relative to the upper basket. (As seen in Figure 96 right side)  No 
angular motion was possible (without alterations of the basket) as a support rail block such 
movements. Even with this support railing removed however there is still insufficient spacing to rotate 

the basket (as 2.1 mm does not give much leeway). 

2.1  

Figure 96. Left frame shows the distance between the inner 
railings and the base plate while the right frame shows the 
nonexistent spacing between the plate and a support railing 

190 (mm) 

Figure 95. Current height adjuster for dishwasher used by ASKO as of April 2019 

50
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Further complications with the current upper basket layout exists and needs to be addressed should a 
design utilizing a base plate (as seen in Figure 36 (item 1) & Figure 85 ) be used. As the slope of the 
rails (see Figure 97 left side) needs to be moved in order for the designed solution to reach targeted 
interval. Since currently the basket penetrates the base plate (as seen on the left side of Figure 97) 

 

Secondly in order to apply suggested solutions with an elevation interval of 70 mm that can be 
operated independently, the basket must be able to tilt at least 8° towards the base plate (see 1.4.5 
for detailed information). This would collide with the plate making any concepts using a fixed plate 
unviable. As the client had dismissed alternative solutions, the rails therefor in the area where the 
height adjuster functions should and will be assumed to be positioned offset the required distance in 
the x direction (see Figure 19 & Figure 97) should the slope not have been corrected for. If the slope is 
relocated upwards out of the way then a smaller offset to the current rail basket design would be 
required. In concept a the slope (as seen in Figure 97 (left side)) was neglected and was assumed to be 
absent as the concept would be unable to function even without a tilting motion as the sloped railings 
penetrate the base plate. 

 

  

Figure 97. Reconstruction demands of the upper basket 

80
 

Slope → 

Rail offset  

Railings → 

← Base plate 
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Appendix 11. Design Objectives Achieved in Regards to the 
Design Specification 
From ch. 2.3.5 (p. 12) the design goals are listed in numerals with the ones marked in red as demand 
objectives and those in black were objectives wished for (as seen in Figure 98) (see ch. 2.3.5 & appendix 
3 p. 46 for more information). 

By comparing the end result to the design specification, each objective can be checked whether it has 
been achieved or not (objective status can be seen in Figure 99). As end tests remain to be done some 
results such as the user experience and the users view of the design has yet to be evaluated so no 
conclusion can be drawn. 

Objectives Achieved 

For design objectives (see appendix 3): 

o I-IV: Through theoretical calculations and in the case of objective I & III practical experiments 
these functions were achieved. For objective II and IV the prototype constructed did not meet 
the standard necessary to test these objectives.  

o X:  The materials used are stainless steel (EN 1.4301) and POM (plastic). The steel can be reused 
and refurbished as well as with the POM being recycled by melting. 

o XI: this is achieved as the company already knows how to work with these materials as their 
currently being used in production. 

o XII: A color scheme has been added for the handle to draw the user’s attention to it and 
indicate that this component can be utilized for a task. 

o XIII: The unit replaces the old design solution at the same location at roughly 1 meter off the 
ground with no obstructions blocking the handling.  

o XIX: As the basket is lifted by the handle (and potentially with another hand holding directly 
the basket) the movement is directly correlated to the height raised. 

o XXI: Although some risk of minor injury might incur due to the user interacting with the locking 
in an unintentional way. So long as the unit is not broken and is properly used the risk of injury 
of any kind should be minimal. 

  

I, II, III, IV, V, VI, VII, VIII, IX, X, XI, XII, XIII, XIV, XV, XVI, 
XVII, XVIII, XIX, XX, XXI 

Figure 98. ch. 2.3 design objectives of the design specification (see appendix 3 for more details) 

I, II, III, IV, V, VI, VII, VIII, IX, X, XI, XII, XIII, XIV, XV, XVI, 
XVII, XVIII, XIX, XX, XXI 

Figure 99. Objective status 

Achieved 
Undetermined 
Not achieved 
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Undetermined Objectives 

For design objectives (see appendix 3): 

o VI: the system must be able to operate at least 10 000 cycles as fatigue of for instance the 
spring might be a problem, further investigations whether the system can complete this goal 
is required 

o VII – IX: height adjustment should be possible considering the gripping strength of a fit male 
can surpass 950N in tests (Canadian Fitness and Lifestyle Reseach Institute, 1988) applied to 
a handle. This compared to the 130N exerted by the weight of the basket seem to indicate 
that even though these objectives are unsubstantiated they are likely to be achieved should a 
proper unit be constructed and tested. That is so long as the steering counters the momentum 
properly. 

o XIII: may be theoretically achieved so long as the steering works as intended as it is in the 
correct height and one straight lifting movement can be made. 

o XV: have been passed by an informal small user study, however a serious study of how 
potential customers would deem the unit to be ecstatically pleasing as well remains to be 
conducted. 

o XX: as the system is complex one failure will break the link that allows the system to operate 
and so the system will only be as strong as its weakest part. Since the unit is over dimensioned 
the risk for breakdown should be small. 

Objectives Failed to Achieve 

For design objectives (see appendix 3): 

o V: With additional complexity and the additional needs dictated in results and appendix 8   (p. 
67) more components were necessary in order to make the unit operational. Although further 
work through DFMA may diminish the number of parts used. 

o XV: with the tests conducted, lifting the basket without using another hand holding the basket 
was difficult. Adding dishware would make this task even harder so it can be concluded that 
one operating movement (which refers to the ability of the user to be able to adjust height 
using only one hand) with a loaded upper basket would be difficult. 
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