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User Centred Design – A summary
The following paper outlines the design process undertaken over a four-week period with an
individual user focus. This program was run in conjuncture with Designability and the process focused
on designing with the user’s disability in mind. The design and development of Lätt Lägga, a body
supporting device, took an iterative process based on the Double Dimond approach. A range of user
understanding methods and market research were used to focus in on a problem before using design
methods to develop a Final Concept. FEA analysis, ergonomic research and aesthetic considerations
were all used to develop this concept to a more user focused Final product. The final product consisted
of a permanently fixed base which the detachable main body mounts into. A ratchet mechanism
allows for angular rotation at a pivot mid-arm to suit the user’s needs. Two interchangeable cushions
were designed, for shoulder and waist support. Through evaluation, it was recognised that the final
product met several essential criteria established through understanding the user. These included
safety, weight support and aesthetic considerations. However, it should be noted that the device did
not fully meet some criteria. This was reviewed for future development and several points were raised.
Possible developments included weight reduction, improving shoulder cushion ergonomics and
designing additional attachments to the device.
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1. Introduction
The aim of the project was to devise a design solution to enhance the life of someone with a
disability. The project took upon a user-centred approach and the final design solution was to
support the needs of a specific user. Initially, the following design brief was given:
How could we support or enhance the experience of someone with a disability taking part in a
pastime or hobby?
Complying with a user-centred principle, the following approach was taken throughout the project:
-

Meet the user and understand the contextual challenges their disability might cause.
Identify specific problems which could be applicable to the design brief.
Look into existing products on the market relevant to the user’s needs.
Ideate and brainstorm potential design solutions.
Evaluate concepts to assess overall feasibility of ideas.
Create prototypes for desired design.

The final design was then presented to the panel for evaluation.
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2. Gantt Chart

Figure 2.1: Gantt Chart
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3. The User Context
To develop an impactful product, a user meeting was essential for developing an understanding of
who they were, and the challenges associated with their disability. The design brief was generated
based on the

3.1 User Profile
Sex: Female
Age: 50-60
Home: Village house - living with Granddaughter and dogs
Personality: Outgoing, Playful, Sociable
About: The user suffers from ME, Fibromyalgia and Spinal Adhesive Arachnoiditis. As a result, she
feels tired, has a stiff torso and experiences neuropathic pain. Her days are short (5-8 hrs) but she is
very active and independent.
Mobility: Uses a wheelchair but can stand for shorts periods of time. Drives a car.
Interests: Horticulture, cooking, sewing, knitting, psychology research, travelling
Limitations: Stiffness, fatigue, lack of strength, discomfort from standing/sitting for long periods of
time, muscle spasms and pain
Medication: anticonvulsants (side effects: Dizziness, Drowsiness, Fatigue, Nausea, Tremor)

3.2 Journey mapping
A Journey Map (Figure 3.1) was created based on the user’s self-reported daily activities. It outlines
the key activities that she does in her daily life and shows the emotional journey through each of these
individual activities.

Figure 3.1: Activity Journey Map
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The primary use for the Journey Map was to develop an understanding of which aspects of the user’s
life were negatively affected by her disability and what problems were causing the negativity. The
user’s activities generally start with a positive outlook, but most of the activities cause her to feel
negative emotions as the process goes on.
The journey mapping process made it clear that there was not one major problem area that required
addressing, but a variety of pains during the day that were adding up. This was considered a key
specification point throughout the design process.

3.2 Empathy and Pain area mapping
The Journey mapping process highlighted that the user struggles with muscle pains and fatigue in a
variety of areas. In order to develop a detailed understanding of the problem, an Empathy and Pain
area Mapping System was developed (Figure 3.2).

Figure 3.2: Empathy and Pain area Mapping System

The system developed serves to link the emotional and physical pain.
The Empathy Mapping was completed using the Head, Heart & Hand method and asked three
fundamental questions, all focused on the user:
•
•
•

What does the user think?
What does the user do?
How does the user feel?
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During the first meeting, the user recalled an incident when she lost her footing attempting to sit on
the stair lift and fell down the stairs. This resulted in a broken shoulder and serious injury to her knee.
Despite this extremely serious scenario, she did not use her personal emergency alert system that she
wears on her wrist. This story made it clear that the user is an extremely independent person who
‘doesn’t like to bother people’. Therefore, independence was selected as a primary design focus.
The Pain Area Mapping linked the emotional negativity highlighted in the Journey Map (Figure 3.1)
with physical pain. Each activity was linked to the primary pain area it caused in the body and an
immersion study was performed to establish the movements required for each activity. During most
of the activities (sewing, gardening, cooking), pain was caused in the spine and the driving movements
are reaching and balancing the body. The activities targeted where distilled into two fundamental
categories
•
•

Activities which force the user to reach for something
Activities in which the users in not properly balanced

3.3 User centred Design Brief
By empathising with the user and understanding the physiology of their activities, the design brief was
defined as:

To increase the user’s INDEPENDENCE and support their ACTIVE LIFESTYLE

Independence was a key aspect of the user’s personality, while the active lifestyle the user was
maintaining caused emotional stress and pain on her body. The two fundamental goals have defined
a clear scope of the project.
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4. Literature Review / Existing Solutions
Existing solutions and products relative to aiding the user’s condition were explored and analysed.
This provided a better understanding on what the user already has access to and were used to draw
inspiration for the design process.

4.1 Grabber
Focus on disability (Focus on Disability, n.d.) highlights a range of differently featured grabbing units:
•
•
•
•
•
•

Folding grabber
Telescopic grabber
Adjustable length grabber
Lightweight grabber
Suction tip grabber and
Grabber with a magnet
Figure 4.1: Example of grabber for reach extension

The grabber is a very multi-functional unit that could provide value to the user in many different
scenarios where extra reach is needed.
Grabbers cost between £10 and £30.

4.2 Exoskeleton
Passive exoskeletons are designed for use in the industrial work place to
increase comfort for workers on the shop floor (Exoskeleton Report, n.d.).
Noonee’s Chairless Chair (Figure 4.2) is advertised to ‘Increase
productivity, decreases physical strain’.
This method could be adapted to reduce the strain on the user’s legs when
completing tasks like cooking and gardening. The £5000 cost of the
existing products makes them unfeasible for the disabled market.

Figure 4.2: Noonee Exoskeleton
Figure 4.2: Noonee Exoskeleton

4.3 Ergonomic Handles
OXO is one of the most iconic examples of original user centred
design, having designed their potato peeler based on hundreds
of prototypes and lots of user discussions, meetings and testing.
Given the research put into this ergonomically designed product,
it was considered an excellent example for hand ergonomics that
should be considered in any hand interaction with the product
that we developed.
Figure 4.3: Evolution of OXO Potato
peeler
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5. Design Specification
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Table 5.1 Design specification created

6. Concept Design
6.1 Double Dimond
The double diamond approach was adopted and followed throughout the design process. The initial
user interview was used as the starting point, during which the overarching design relationship was
formed with the user. Through a semi-structured interview style meeting, an understanding of the
user’s condition, needs and wants were established. This allowed the design focus to be broadened
and led to analysis into the ‘Why’ and ‘How’ the user’s life could be enhanced (Section 3). Alongside
the newly created design brief and design specification, all these tools were used to support the
ideation process. This stage saw the diamond reach its widest point. Through evaluation and
refinement of the concepts, the design scope narrowed back down and reached the end of the first
diamond after the second user interview. Following that, mechanism brainstorming, anthropometric
analysis and extensive design iterations re-broadened the scope and concepts were then presented
to the user for feedback. The final user meeting allowed for the focus to narrow and the specific
mechanisms were chosen for the final product.

Figure 6.1: Double diamond design method
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6.2 Ideation and Evaluation
The main aim of the ideation process was to establish a key focus and direction for the design. Initial
brainstorming sessions were conducted to collate all possible ideas and potential avenues that could
be explored. Tools such as post-it notes, whiteboards, pen and paper, sorting cards and mind maps
were all used to fully stimulate the creative process.

Figure 6.2: Initial Brainstorming

Based on the selected design brief, the focus converged on two core functions:
1. Providing extra body support for the user
2. Extending the user’s reach
Multiple design sprints were undertaken to collate ideas specific to the two desired functions. This
consisted of short 15-minute ideation bursts to extract as many ideas as possible. The ideas were then
transferred into rough sketches for better visualisation. Sketches were heavily utilised throughout the
ideation process to aid the development of ideas and marked the earliest stage of prototyping.
Solutions to achieve the two core functions were thought of and three main concepts were identified.
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Concept 1: Support on Wheels
This concept was envisioned to be a highly simplified version of the
user’s existing wheelchair. The body was supported on a single wheel
to add mobility to the device. A wooden extension from behind the
wheel was to act as the braking system, activated when the user leans
backwards (Figure 6.3). Pelvic and lombar supports were incorporated
in the concept to increase comfort and ergonomics.

Concept 2: Exoskeleton
Inspiration was taken from exoskeletal structures used by factory
worker. Initial sketches were developed to identify key components
needed to simplify the mechanism (Figure 6.4). These were determined
to be the seat, knee hinge and base support. Design solutions for each
component were then ideated through extensive sketching. These
were evaluated according to safety, aesthetic and feasibility
considerations. The overall structure was constructed using planks of
MDF wood bolted together, with a plastic tube serving as the knee
pivot to provide angular flexibility (Figure 6.5). The two legs were
attached to a flat piece of MDF to give the user a balanced support to
rest on. The device was intended to act as an attachment on the user,
providing support whenever and wherever required. The exoskeleton
met the specification requirement of independence as it would reduce
the user’s need for assistance when engaging in activities which require
prolonged periods of standing.

Figure 6.3: Support on Wheels
prototype

Figure 6.4: Exoskeleton
Concept

Concept 3: Modular Support + Grabber
The third concept was intended to achieve both functions
of support and extension. This led to the idea of a modular
device with detachable ends which fit the user’s specific
past times (Figure 6.6) The device consisted of a clamping
base which would attach to the user’s work-surface. A
locking pivot to allow the user to adjust the device to
their preferred angle and a telescopic extension
mechanism, similar to those found in crutches. The
modularity of the concept came from it allowing the user
to change the attachment to suit their needs at each
specific time. It was conceived for a cushion to be
attached along the body of the device for the user to lean
against, while other smaller tools to be attached at the
end of the device to increase the user’s reach. Three
mock-up attachments were produced for the
prototypes. This included a cushion to provide lower
body support, a pair of secateurs and a mechanical
grabber.

Figure 6.5: Exoskeleton
Prototype

Figure 6.6: Modular support and grabber
prototype

12

6.3 Concept selection with user feedback - controlled convergence
The three prototypes were brought to the second user meeting and the following feedback was
gathered:

Concept 1:

Concept 2:

Concept 3:

Support on wheels

Exoskeleton

Modular Support+Grabber

 User really like the idea of
including
waist
support.
However, she reiterated the
importance of the device feeling
and being mechanically safe.
 The user noted that the wheel
did not fill her with confidence.
The added mobility would not be
a preferable function even if it
was thoroughly designed.
 The braking mechanism was not
well received by the user who
was sceptical of its reliability.

 The user was fond of the
exoskeleton’s flexibility. She
mentioned the importance of
it being flexible and able to
adjust to different positions.
This
was
particularly
important as the user finds
discomfort from staying in the
same
position over a
prolonged period of time.
 Concerns were raised about
the integrity and strength of
the design’s overall structure.
The user lacked confidence in
the structure’s ability to safely
support her body weight. She
pointed out adding another
leg or another support point
to the two in the design could
improve this.

 Great interest in the device was
shown by the user. She was
particularly intrigued by the
mobile nature of the concept and
saw use for it in various scenarios
around the house. She suggested
the cushion support could be
applied to tasks such as cooking,
sewing, knitting etc.
 The user also saw appeal in the
modular nature of the device. She
expressed interest in having
different cushions (i.e shoulder
and lower body support) for
added comfort.
 The user was quick to point out
she did not see great benefit in
including the wide range of
attachment we envisioned into
the modular device. She noted
that she already owed a
mechanical grabber (4.1) and was
content with its capabilities.

The user was then asked to complete a ratings rubric to consolidate her feedback.
Support on
Wheels

Exoskeleton

Modular Support
+ Grabber

3

4

8

7

6

7

4

6

9

Safety
(Out of 10)
Comfort
(Out of 10)
Functionality
(Out of 10)

It was evident that Concept 3 had the most potential to meet the user requirements. This was the
concept to move forward with.
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6.4 Final Concept
Having assed all the hobbies highlighted in the Journey Map (Figure 3.1), it was concluded that the
product should be used in the following activities:
•
•
•
•

Cooking
Making tea
Sewing
Researching

A storyboard was produced to highlight the scenarios in which the product could be useful for. Figure
6.7 shows how the system could be employed whilst seated at a desk and whilst standing at a kitchen
counter.

Figure 6.7: Mobile support Storyboard

The pain area mapping (Figure 3.2), immersion studies and the user
all highlighted that the product would be most effective in two
position. Providing waist support whilst sitting or standing and left
shoulder support whilst standing. The left shoulder was chosen by
the user as she is right-handed and had a prior injury in the left
shoulder.
In order to function in both the positions, the product would need a
wide range of adjustability. The final concept was based on the
biomimetics of the human arm, which has an extensive range of
motion (Figure 6.8). It was determined that the combination 3
degrees of freedom at pivot and 1 at the joint would be sufficient to
achieve all required configurations.

Figure 6.8: Anthropometric analysos of human arm
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6.4.1 Required features
In order to achieve the required mobility, functionality and modularity, the product required four
essential mechanisms (Figure 6.9).
•
•
•
•
•

Pivot and Locking mechanism
allowing the user to quickly adjust the support to a comfortable position and lock it in place
Body support attachment
allowing the user to easily change the body support while also providing a secure fit
Attachment to work surface
to securely support the user’s weight
Ergonomic handle grip
to increase the user’s confidence when grasping the product
Variable position from the clamp
allowing the user to change the angle of the product between the upright (standing) position
and angled (sitting) position

Pivot and locking mechanism

Body support attachment

Handle Grip

Attachment to the work
surface

Variable position from
the clamp

Figure 6.9: Essential features
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7 Design Development
Solutions for the four essential mechanisms were looked into and tested through prototyping, user
feedback and immersion studies.

7.1.1 Attachment to work surface

In order to achieve the proposed idea of a portable body supporting device,
different clamping mechanisms were looked into. Initially, a g-clamp mechanism
was tested and performed well in terms of security and safety. However, from
user feedback it was noted that the tightening mechanism could potential pose
a challenge. The lack of dexterity and strength in the user’s fingers meant any
twisting action would be difficult and uncomfortable.
Figure 7.1: G-clamp prototype

An easy grip squeezing clamp solution was also assessed. Taking inspiration from
the XFORT® Quick Grip Clamp, the handle feature was intended to provide the
user with a larger and more ergonomic grip. From testing, this solution was
found to be easier to operate. This was confirmed by the user’s feedback who
was excited by the prospect of this type of handle. However, a glaring flaw in this
solution was its strength. It was determined that a significant amount of
modification would be required to make its safety and security adequate for the
user. Removing the base’s portability and permanently fixing the product to a
work surface was also tested. The user indicated that permanently fixing the
product to a work-surface in her house would not be invasive and welcomed the
idea. She suggested having multiple mounts fixed around the house could be a
compromise.

Figure 7.2: Easy-grip clamp

A suction cup method was also looked into. Inspiration was taken from the
Mighty Mug design which creates an air lock using trapped air beneath its
base. This is strong enough to prevent lateral movement. It can also be
released easily by vertically lifting the product. However, the user seemed
reluctant as the technology is still new and lacked familiarity.

Figure 7.3: Mighty mug
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7.1.2 Variable position from clamp

Figure 7.4: Prototypes of ball and socket mechanism, variable mounting base and two gear system

Three solutions were looked at to provide variable positioning from the clamp. The ball and socket
mechanism offered great flexibility with three degrees of freedom. Furthermore, it provided secure
locking capabilities by twisting and tightening a screw. This raised concerns with the user as she would
have trouble completing this action. An alternative solution looked at was having a base with set holes
at 0º, 45º and 90º for the arm to mount into. Advantages of this solution were its added security as
well as its ease of mounting and dismounting. Using a simple two gear system was also explored. This
solution would only provide a single degree of freedom and would be difficult to incorporate a safe
locking feature.

7.1.3 Arm pivot mechanism
For rotation at the pivot joint a variety of mechanisms
where considered. A simple ratchet locking
mechanism was an accurate representation of an
elbow joint as they are both limited to one degree of
freedom. The benefits of this method were its
simplistic design and easy to lock and prevent
unintentional rotation.
Figure 7.5: Iterations of pivot locking mechanism and
ratchet

Gorillapods are an excellent method of achieving a
large range of motion and flexibility whilst maintaining
some rigidity. They offer three degrees of freedom
with limited range per pod so a chain of them, as
shown in figure 7.6 can be manipulated to any required
position. The problem incurred with this method was
the locking capability, it would be very complex to
develop a system that could support a heavy load
without preventing the systems mobility.
Figure 7.6: Gorillapod system used in
camera stands
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7.1.4 Arm extension mechanism

A telescopic design similar to those found in crutches, was
considered to allow the support to reach a wide range of heights
without compromising on compactness (Figure 7.7). However,
the design was found to be difficult for the user to operate. Based
on anthropometric data, it was determined that a reasonably
compact product can reach the shoulder height of most adults
from the height of a typical desk or countertop. As a result, the
extension mechanism was discarded in the interest of simplicity.

Figure 7.7: Evolution of the arm
extension mechanism (Left to Right)

7.1.4 Body support attachment mechanism
Basic zip-ties were considered because of their simplicity and sense of
familiarity it could potentially bring the user. The issue with this method
of attachment was the limited adjustability and flexibility it gave the user.
Another option looked into was an adjustable zip-lock, commonly used for
fastening cameras to railings. This method provided good strength and
security when fastened to the body support. It also had a simple release
mechanism to adjust the height of the support. It was noted that the user
liked this design and could operate it without much difficulty.

Making the support a magnetic attachment provided a straightforward
mechanism to attach and detach. However, there were limitations to its
strength and overall aesthetic appeal. Using Velcro strap also raised similar
concerns over how secure the support would be. On top of that it was
understood that the user has trouble operating this material.

Figure 7.8: Design iterations of cushion
attachment mechanism

Figure 7.9: Magnetic solution explored for
the attachment

Figure 7.10: Zip Lock solution
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7.1.5 Hand Grip Design
Based on market research into hand grip ergonomics, four grip styles were designed for evaluation.
1. The bump grip - an ergonomic protrusion behind the grip for the user’s fingers to rest on.
2. The slit grip – slits on both sides of the grip intended to add friction and improve traction
with user’s hand.
3. The grooved grip – finger grooves engraved into grip for added comfort.
4. The torch grip – Bulky head for user to rest their hand against.

Figure 7.11: Mock-ups of hand grip designs for user study

To evaluate these methods, a user study was conducted on 25 people whereby each grip was rated
out of 10. The average rating for each grip was then compared with the user’s feedback in the graph
below:

Figure 12: Bar chart comparing user study results with client feedback

It can be seen that results from the study aligned with the user’s preference. Both the study and the
user preferred the slit grip, whilst the torch grip ranked lowest for both. From more detailed user
feedback, it was understood that the slit grip “felt familiar” and “felt more secure in the hand”. Based
on the feedback, the slit grip was chosen as the grip design.
Analysis into grip sizes was also conducted based on anthropometric data (Section 7.2.4)
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7.2 Morphological chart
Based on the findings from the design development stage, three most feasible solutions were
considered for each function. From the combination of these solutions, three concepts were
generated:
Concept A- focusing on the ease of use, allowing the user to most easily operate the product
Concept B- focusing on security and stability during use
Concept C- focusing on versatility, allowing for most degrees of freedom

3 DOF

1 DOF

2 DOF

3 DOF

1 DOF

1 DOF
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7.3 Controlled convergence
The three concepts were analysed and compared using the controlled convergence method. The
concepts were assessed on essential criteria taken from the design specification. Concept A was set
as the datum with the other two concepts scored accordingly. Through this process, concept B was
deemed to be the most viable option.
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8. Final Design & Prototype
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9. Sequence of Operations

c

a
b

1
Slide the lower arm
into one of the
mounting holes.

2
a. Turn the twist-lock so that
it doesn’t cover the ratchet
arm.
b. Press the button to
disengage the ratchet arm
from the gear.
c. Adjust the inclination as
desired.
a. Turn the twist-lock so
that it covers the ratchet
arm to prevent accidental
disengagement

3
Slide the desired
support into the
zip-lock mounting
bracket.

Rest the waist or shoulder on the
appropriate support and continue
any activities.
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10. Design Considerations
Inclusivity and structural integrity of the design were considered to ensure the product was
accessible and functional. Anthropological data and material properties were analysed to
consolidate design choices. Aesthetics of the product was also considered to ensure user
satisfaction.

10.1 Inclusive Design
The final concept was designed to be accessible for the range of
population within the 5th-95th range. The components designed for
inclusivity were: the lengths of the arm, the 2 body support
cushions and the handle diameter.

10.1.1 Arm dimensions
The anthropometric data (https://dined.io.tudelft.nl, n.d.) in Figure
10.1 was collected for the shoulder and waist heights when standing
and sitting. The arm lengths were selected to fit the 5th to 95th
percentile range of the population.

5th

The 5th percentile waist height was used to define the minimum
height the support should drop to (65cm/95cm for sitting*/standing),
while the 95th percentile shoulder height was used to define the
minimum rise the support should achieve (112 cm/153 cm for
sitting*/standing).

127
96
93
65

Percentile

95th

Standing shoulder height (cm)
Standing waist height (cm)
Sitting shoulder height (cm)
Sitting waist height (cm)

153
120
112
75

Figure 10.1: Anthropometric data distribution
for shoulder and waist height when sitting or
standing

*a standard 45 cm tall chair seat was used to determine the sitting heights

The lower arm was sized to 30cm and the upper arm to 50cm
(Figure 10.2-left, dashed) to cover the selected population range.
Assuming the product would be used on a standard table, 73cm tall,
in a vertical mounting position the product can rise to 153cm,
higher than the 95th percentile standing shoulder height. When
mounted at 45° (Figure 10.2-left, solid) the product can drop to
93cm from the ground, lower than the 5th percentile’s standing
waist height.
In the ‘sitting position’, with the product mounted at 45°, the
support rises to 129cm (Figure 10.2, right-dashed) and drops to
59cm from the ground (Figure 10.2, right-solid), to cover the 5th to
95th percentile shoulder and waist height when sitting.
Position

Standing
Sitting

Body
part
Shoulder
Waist
Shoulder
Waist

Support
drop
(cm)
93
59

5th
%ile
height

95th
%ile
height

127
96
93
65

153
120
112
75

Support
rise
(cm)
153
129

Table 10.1: Comparison between the anthropometric measurements of
the extremes of the selected population and the product’s height in its
different configurations

standing
configuration

sitting
configuration

Figure 10.2:
(left-dashed) 153cm rise of the shoulder support in
the ‘standing configuration’
(left-solid) 93cm drop of the waist support in the
‘standing configuration’
(right-dashed) 129cm rise of the shoulder support in
the ‘sitting configuration’
(right-solid) 59cm drop of the waist support in the
‘sitting configuration’
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Top view

10.1.2 Shoulder Support Dimensions

40mm
70mm
60mm
R120

90mm
20mm
Side view

trapezoid

30mm
10mm

The horizontal curvature in
Figure 10.3 top and bottom
views accommodates the
curvature of the trapezoid
towards the sternum.

50mm

Anthropometric shoulder measurements were collected
from 3 male participants with distinct body somatotypes
(one ectomorph, one mesomorph and one endomorph) to
create an ‘average shoulder model’. A shoulder support
was sized after these dimensions as shown in Figure 10.4.
Consequently, the support wraps around the top of the
trapezoid muscle and around the bottom of the clavicle
(Figure 10.3) providing a secure and comfortable fit.

clavicle
Figure 10.3: Shoulder support around
the body anatomy

Bottom view

Figure 10.4: Shoulder support measurements

10.1.3 Waist Support Dimensions
A ‘design for more types’ approach was used to accommodate
the large variance between waist sizes across the population.
The anthropometric data (https://dined.io.tudelft.nl, n.d.) in
Figure 10.5 was collected for the waist circumference of adults
20 to 60 years old. The population was split into 3 equal
segments of waist span and a waist support was designed for
each population segment: Small, Medium and Large.
The waist cross section was simplified as an ellipse with the
semi-minor axis ¾ times smaller than the semi-major axis
based on a study by Garlie (Todd Garlie, 2014) (Figure 10.6)

S

M

L

Percentile 5th

30th

70th

95th

Waist circ.
624
(mm)

799

973

1148

Figure 10.5: Waist circumference
distribution

Using the waist circumference data, Garlie’s model and
Ramanujan’s approximation of the ellipse circumference:
𝐶𝐶 ≈ 𝜋𝜋 ∙ [3(𝑎𝑎 + 𝑏𝑏) − �(3𝑎𝑎 + 𝑏𝑏) ∙ (𝑎𝑎 + 3𝑏𝑏)
where a and b are the semi-axes

Figure 10.6: Garlie’s waist model

the waist support dimensions in Table 10.2 were determined.
Size
a (mm)
b (mm)

Small
100
265

Medium
122
325

Large
145
385

Table 10.2: Waist support dimensions

a
b
Figure 10.7: Waist support dimensions
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10.1.4 Handle Grip Dimensions
A ‘design for more types’ approach was used to
accommodate the variance between grip sizes across the
population. The anthropometric data [1] in Figure 10.8 was
collected for the grip circumference of adults 20 to 60 years
old. The population was split into 3 equal segments of grip
span (Small, Medium and Large) and the grip dimensions in
Table 10.3a were determined.
Diameter
ϕ (mm)

Small

Medium

Large

35

40

45

S

M

5th

30th

Waist circ.
108
(mm)

122

Percentile

L
70th
136

95th
150

Figure 10.8: Grip circumference distribution

Table 10.3a: Initial grip dimensions

The grip sizes were tested with 6 users, 2 in each size segment, and all users preferred a grip one size
larger than their circumference. Consequently, a scale factor of 1.1 was applied to the grip sizes, and
the revised grip dimensions in Table 10.3b were determined.
Diameter
ϕ (mm)

Small

Medium

Large

40

45

50

Table 10.3b: Revised grip dimensions

10.2 Material selection
To achieve both structural integrity and an aesthetic design, the
product was arranged in two layers: a robust, metal inner core and a
customizable outer casing (Figure 10.9)

metal core

10.2.1 Inner Core
The purpose of the inner core is to provide the product’s structural
integrity and the user’s perception of safety. Therefore, it should
hold a load of at least 1200N without shearing or yielding, and deflect
less than 10mm under maximum load.

outer casing
Figure 10.9: Inner and outer layers

Simplifying the inner core to an end loaded 0.8m cantilever beam (Figure 10.10) with a circular cross
section (Figure 10.11), the maximum shear stress and deflection were calculated using Equations 10.4
and 10.5.
F = 1200N

L = 0.8m

V

Figure 10.10: Cantilever beam simplification

Figure 10.11: Inner core circular cross
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𝑏𝑏 = 2 ∙ (𝑟𝑟𝑜𝑜 − 𝑟𝑟𝑖𝑖 )
2
3

�𝑟𝑟𝑜𝑜3

𝑄𝑄𝑚𝑚𝑚𝑚𝑚𝑚 = ∙
𝐼𝐼𝐶𝐶 =

𝜋𝜋
4

−

(10.1)

𝑟𝑟𝑖𝑖3 �

(10.2)

∙ (𝑟𝑟𝑜𝑜4 − 𝑟𝑟𝑖𝑖4 )

𝜏𝜏𝑚𝑚𝑚𝑚𝑚𝑚 =

(10.3)

𝑉𝑉∙𝑄𝑄𝑚𝑚𝑚𝑚𝑚𝑚
𝐼𝐼𝑐𝑐 ∙𝑏𝑏

(10.4)

𝑉𝑉∙𝐿𝐿3

𝛿𝛿𝑚𝑚𝑚𝑚𝑚𝑚 = 3𝐸𝐸𝐼𝐼

(10.5)

𝐶𝐶

Equations 10.1 to 10.5 for calculating the
maximum shear stress and maximum deflection

where:

L is the length of the of the beam (m)

ro is the outer radius of the beam (m)
ri is the inner radius of the beam (m)

b is the effective width of cross section (m)
V is the shear force (N)

E is the material Young’s modulus (Pa)

Qmax is the maximum static moment of area (m3)

Ic is the second moment of area (m4)

τmax is the maximum shear stress (Pa)
δmax is the maximum deflection (m)

Extruded AL 6063 was chosen as the material for the inner core due to its high strength to weight
ratio. With an inner radius of 13mm and an outer radius of 15mm, the maximum shear stress in the
beam τmax=14,000,000 Pa was more than 3 times lower than the material’s strength in its untreated
form (Table 10.4). T6 tempering the tube would increase its strength by a factor of two at a small
additional cost. The weld joints between the ratchet and the tube should be treated as AL6063-O.
The maximum deflection calculated δmax= 4mm is lower than the maximum deflection specification
for maintaining the perception of safety.
Material
Al 6063

Density

Young's modulus

Tensile Yield Strength

Fatigue Strength*

Shear Strength

[kg/m3]

[Pa]

[Pa]

[Pa]

[Pa]

2690

69,000,000,000

55,000,000

55,000,000

69,000,000

Table 10.4: Physical properties of untreated AL6063 extruded tube

While the principal stress was assumed to be shear stress in the simplified model, further analysis was
performed to calculate the equivalent tensile stress and investigate yielding using the von Mises yield
criterion. A simplified model of the product’s inner core and ratchet mechanism was imported into
Solidworks Simulation and a FEA was performed on the structure at 180° and 90° (Figure 10.12).
The mesh used was an adaptive curvature-based mesh with an element size of minimum 4mm and
maximum 15mm to provide more detail in the region of interest, where the lower and upper arm join
through the ratchet mechanism. The lower arm was inserted in a 10cm tall fully constrained support.
F = 1200N

F = 1200N

maximum
stress
constraints
applied on
support

maximum
stress

Figure 10.12: FEA of the equivalent stress in the structure at 180° and 90°
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With the structure at 180° the maximum equivalent stress of ≈28MPa was observed furthest away
from the load application point, confirming that the shear stress is the principal stress in the true stress
tensor. With the structure at 90° the maximum equivalent stress of ≈25MPa was observed under the
ratchet locking mechanism. In both cases the structure passes the von Mises Yield Criterion and
confirms that AL6063 is a suitable material choice.
The simulated deflection (Figure 10.13) was consistent with the previously calculated deflection of
4mm, lower than the maximum requirement of 10mm.

F = 1200N
F = 1200N

Figure 10.13: FEA of the deflection in the beam at 180° and 90°

10.2.2 Outer Casing
Using the findings from section 10.3.4 Handle Grip Dimensions a casing with an outer diameter of
45mm was selected to provide a satisfactory feel to the user when handling the product.
An injection moulded polypropylene casing would be the ideal material for the outer casing, due to its
resilience against most forms of physical damage, including impact and freezing, its environmental
benefits, and low density and cost. Machined ABS casing could also be considered for lower volumes.
However, based on the user’s preference towards Japanese minimalist design and organic materials
(Figure 10.14), a rosewood version of the casing was proposed as well.

Figure 10.14: User’s design preference
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11. Solution Specification

Lätt Lägga
Universal Support
Key Features:
•
•
•
•
•
•
•
•

A sleek, minimalist piece of furniture that
blends in with the user’s home
Provides the user with the confidence to
enjoy their favourite activities without help
Increases the time the user can spend on
their hobbies before starting to feel tired
Takes on the user’s body weight that would
otherwise put stress on their limbs
Useful for both sitting and standing
Supports an ergonomic posture
Easy to set-up and adjust
Moderately lightweight

To be established:
•
•
•

User experience when using the product
CE standards conformity
Service life
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12. Cost
Since the product is envisioned as a piece of furniture rather than a medical device, it will not be
subsidized in any way, thus placing the entire cost on the consumer. To ensure the product has a
robust business case two target costs were set:
•
•

£40 maximum retail price for the low-end of the product line to make it accessible for a large
population
£120 maximum retail price for the flagship end of the product line

Based on IKEA’s 2012 income statement (IKEA Group Yearly Summary 2012, n.d.), the profit margin
was estimated at 50%, hence a maximum production cost of £26 for the low-end product, and £80
for the flagship product.
Assuming that the body support bracket and ratchets are machined from AL6063 blocks, the
structural aluminium tubes are bought and integrated, the support cushion is cut from blocks of
memory foam and the casing is machined, the rough production cost estimate in Table 12.1 is
calculated for the wood casing, flagship product, and the production cost estimate in Table 12.2 is
calculated for the plastic casing, low-end product.

Extruded
Al6063-T6

Block
Al6063

PU
Memory
Foam

Sapele
Timber
6x6x80
(cm3)

Sapele
Timber
6x10x10
(cm3)

Wood
Turning

Ratchet
Machining

Welding

UoM

kg

kg

m3

pcs

pcs

hour

hour

hour

Quantity

0.4

0.8

0.012

1

1

1.5

0.3

0.1

Price (£)
/unit

2.5

2

2.5

20

10

20

10

10

Cost

1

1.6

0.03

20

10

30

3

1

Production
Cost (£)

67

Table 12.1 Production cost estimate for the flagship product
Extruded
Al6063-T6

Block
Al6063

PU
Memory
Foam

ABS Plastic

UoM

kg

kg

m3

Quantity

0.4

0.8

Price (£)
/unit

2.5

Cost

1

Plastic
Machining

Ratchet
Machining

Welding

kg

hour

hour

hour

0.012

3.4

1

0.3

0.1

2

2.5

1

10

10

10

1.6

0.03

3.4

10

3

1

Production
Cost (£)

20

Table 12.2 Product cost estimate for the low-end product

The estimated production cost range of £20 to £67 passes the requirement of £26 to £80, implying
that the product’s cost doesn’t hinder its accessibility.
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13. Future development
Through evaluation of the final design, several areas of development and improvement were
identified to further enhance the product.

13.1 Reduce weight
It was acknowledged that the product failed to fulfil the original “Lightweight” criteria of 1kg set in the
specification, with the final prototype weighting 1.1kg. Successfully reducing the minimal excess
weight would be extremely beneficial taking into account the portable nature of the device. The user
would likely be moving the device around the house, and any extra weight could lead to accumulative
strain in her arms.

13.2 Ergonomic twist lock
The current locking mechanism consists of a thin ring which the user
twists to expose or cover the ratchet. The design is effective and serves
its purpose of securing the ratchet stops further angular movement.
However, ergonomic improvements could be explored to enrich
comfort and ease of operation for the user. Anthropometric data on
finger size as well as materials that possess good grip qualities could be
considered.

Figure 13.1: Current twist-lock mechanism

13.3 Locking feedback for user
Implementing a smarter feedback system for the twist-lock mechanism
could further enhance the safety of the product. A red marker on the
ratchet was the only feedback feature in the current design. The red
marker was visible when the mechanism was unlocked and received
positive user feedback. To develop this, adding audio feedback (such as
an alarm/buzzer) could be considered.

Figure 13.2: Current lock feedback feature
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13.4 Simplify zip-lock mechanics
The existing zip-lock mechanism was able to effectively attach
and move the cushion along the arm to the user’s desired
position. However, the user currently had to operate a pinch
lock when detaching the cushion, as seen in figure x. This was
relatively difficult to execute as the buttons were small and tests
the user’s dexterity. A solution to this could be to enlarge the
buttons or adopt a motorised mechanism to reduce strain on the
user. However, this solution would require in-depth torque and
gearbox analysis for the motor design.

Figure 13.3: Current adjustable zip-lock

13.5 Attachments to arm
Providing more attachments and adding to the functionality of
the product could be another aspect to develop. It was noted
that the user envisioned for the product to be used in many
other capacities. These were namely for knitting – a sheet holder
for her patterns and a yarn holder.
Figure 13.4: Concept drawing of yarn
holder attachment

13.6 Improve ergonomics of shoulder cushion
The user was content with the design and fit of the shoulder
cushion in the final product. However, through immersive
studies and market research it was felt that the design could be
further refined. Anthropological data for shoulder breadth, angle
and movement and could be tapped into for inspiration.
Figure 13.5: Ergonomic research to
improve shoulder design.
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14. Conclusion
Through understanding the user’s needs and undergoing numerous design iterations, the Lätt Lägga
was produced. After brainstorming potential ideas and gathering user feedback, the focus was
narrowed to designing a safe and comfortable body support device. To fully refine the product, a
morphological chart was created, and controlled convergence evaluation was conducted. Ergonomic
and aesthetic factors were also taken into consideration, through analysis into anthropometric data
and user studies respectively. The product was presented through a finalised storyboard, CAD
concept drawing, functional prototype and a full-scale render showcasing it in use. The final design
was able to meet most initial criteria set, namely:
•
•
•

Increase comfort
Support posture
Aesthetically pleasing

Future developments were also identified during post-evaluation. These include:
•
•
•

Reduce weight
Produce alternative attachments to device
Simplifying zip-lock cushion attachment mechanism
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