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Abstract 

As is known to all, the aging problem becomes more and more serious in 
recent years. The issues “get into and out of a chair”, from one of the self-care 
tasks of aging people named Functional mobility in ADLs (Activity of daily 
livings), need to be solved carefully in efficient ways to help seniors and 
patients who have physical problems dealing with their daily life. 

In this previous investigation, the existing products in the market are 
normally quite heavy and importable. After combined with the advantages of 
the existing products and some improvements in portability and comfort which 
is related to human engineering. A Pneumatic Cushion for Supporting Standing 
and Sitting Process, based on airbag and pneumatic system which has been 
designed in this thesis, can be used by user who has physical-trouble for 
standing up and sitting down. Meanwhile, after being assembled with some 
specific extra components, it can be used as a mobility aid device. 

For the whole designing process, many relevant article, video sources and 
websites are referred for the previous researches, including Google Scholar, 
BTH Digital Library and YouTube. The product was designed and analysed in 
Inventor 2018 and the fluid dynamic simulation has been done in Abaqus. 
Studies involved lifting function are selected after the survey about assist 
appliance and aid appliance market. 
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1 Chapter: 
Introduction 

Nowadays, the aging problem is more and more serious in the world. The 
amount of the senior, which occupies a big percentage in world’s population, 
presents a raising tendency currently. Both developed countries and developing 
countries are facing the influence of aging problem and the governments have 
realized that it is important to take care of aging people in decent ways [1]. 

This map (Figure 1.1) illustrates global trends in ageing by depicting the 
percentage of each country's population that is over the age of 65. The more 
developed countries also have older populations as their citizens live longer. 
Less developed countries have much younger populations [2]. 

 
Figure 1.1 Illustrates global trends in ageing [3] 

As early as 1950s, the concepts of ADLs (activities of daily living) and 
IADLs (instrumental activities of daily living), which describe aging people's 
daily self-care activities, were originally proposed by one of the American 
public servants named Sidney Katz and his team [4]. 

Basic ADLs consist of self-care tasks that include, but are not limited to [5]: 

 Bathing and showering; 

 Personal hygiene and grooming(including brushing/combing/styling 
hair); 

 Dressing; 
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 Toilet hygiene (getting to the toilet, cleaning oneself, and getting 
back up); 

 Functional mobility, often referred to as "transferring", as measured 
by the ability to walk, get in and out of bed, and get into and out of a 
chair; the broader definition (moving from one place to another while 
performing activities) is useful for people with different physical 
abilities who are still able to get around independently; 

 Self-feeding (not including cooking or chewing and swallowing); 

It is quite common that assist appliance is wildly used by people who have 
physical difficulties. However, there are still some unfriendly-using details with 
some of these appliances in many situations. Aging people might feel 
uncomfortable due to some thoughtless designing when they are using these 
kinds of appliances. 

Aiming at the issues about “get into and out of a chair” from functional 
mobility and helping a certain group in aging people who have physical 
difficulties dealing with their daily life, the product in this thesis which is based 
on the principle of existing device but with some improvements and new-
designed components will be an assist device which contains lifting and transfer 
functions. The main goal of the product focuses on protecting the old people 
not being injured and make their life experience more convenient.  

  



19 
 

2 Chapter: 
Survey of related work 

2.1 Electrical Lifting Wheelchair 

In recent years, the technique of aid device develops gradually and human 
engineering design concept has also attract a growing mind [6]. Multifunctional 
medical bed and wheelchair (Figure 2.1) are representative auxiliary tools 
which are existed in the market for a long time. 

We have a research of the market and literature related to the relevant aid 
device and we find that there are a lot of solutions which are semblable with 
each other using similar theories among the multifunctional medical beds [7]. 

Generally, the solutions can be concluded as lifting function which helps 
user stand with automatic operation or manual operation. The lifting part is 
usually a hold board covered with sponge and clothes which assume the weight 
of users. For the user, first, pressing the bottom on the electric platform on the 
handle which connects with control system and lifting structure and then the air 
pump will start working and push the air in to the cylinder which is connected 
to the whole lifting structure, when the cylinder is extending, the lifting 
structure will rotate to a specific angle smoothly. Finally, it will help user from 
sitting or lying to standing [8]. 

 
Figure 2.1 An example of lifting wheelchair [8] 
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2.2 Non-electricity Lifting Aid Device 

For an accidental opportunity, we find one solution, which is came up with 
by several students from Taiwan universities. They are trying to figure out the 
lifting problem and they use two pneumatic cylinders without electricity and 
electronic control system to support the hold board (Figure 2.2) [9]. The main 
principle of it is that when user sitting on the board, in the cylinder, the air in 
one side of the cylinder has been compressed and the other side of the cylinder 
is vacuum. Due to these two situations, a force to extend the cylinder has 
generated and it offers a force of helping user to get up from the chair. It brings 
us a great inspiration of using air concerned method to lift user and achieve the 
buffer function. Besides, we think that only mechanical method using without 
electronic control will be easier for aging people to use. 

 
Figure 2.2 Lifting device designed by Taiwanese Students with two pneumatic cylinders [9] 

 

2.3 Pneumatic System 

We have searched the information about pneumatic system that pneumatic 
system is a system that uses compressed air to transmit and control energy. 
Pneumatic systems are used in controlling train doors, automatic production 
lines, mechanical clamps etc [10]. We think that pneumatic principle is a good 
way to solve it and after searching many correlative articles and we decide to 
use air pump and pneumatic cylinder as the primary structure in first design 
version. After the survey of the air pump market, we find that almost all types 
of air pump need electricity to activate. Besides, the normal size air pump is so 
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heavy for assist device and the air pressure of air pump in mini size cannot 
sustain the weight of human’s body so we deny the idea of air pump. 

Next the inspiration of airbag and air bellows emerges. Relevant 
investigation shows that an air bag is an inflatable cushion designed to protect 
automobile occupants from serious injury in the case of a collision. It consists 
of the airbag cushion, a flexible fabric bag, inflation module and impact 
sensor[11]. Airbag cushion (Figure 2.3) is the part that we want to reference 
[12]. 

 
Figure 2.3 An example of the airbag in cars [12] 

Bellow (Figure 2.4) is a device which has many applications constructed to 
furnish a strong blast of air [13]. The typical type consists of a flexible bag 
including a pair of rigid boards with handles joined by leather sides enclosing 
an approximately airtight cavity which can be expanded and contracted by 
operating the handles, and fitted with a valve allowing air to fill the cavity when 
expanded, and with a tube through which the air is forced out in a stream when 
the cavity is compressed [14]. 

 
Figure 2.4 The principle of  typical bellows structure [13] 
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As a result, the air transfer principle can be used in our device. The arms, 
which connects with gas transfer tube, perform the same function as the typical 
bellow. They are utilized for squeezing the gas which is limited inside among 
them into the airbag. 

2.4 Material 

2.4.1 Carbon Fiber 

To decrease the weight of product, a specific material should be found which 
is light and high strength. The carbon fiber is a good choice (Figure 2.5). 

Carbon Fiber is a polymer and is sometimes known as graphite fiber. It is a 
very strong material that is also very lightweight. Carbon fiber is five-times 
stronger than steel and twice as stiff. It has many superior properties such as 
high in stiffness, high in tensile strength, low weight to strength ratio, high in 
chemical resistance, temperature tolerant to excessive heat and low thermal 
expansion [15]. Therefore, carbon fiber is a superior material for us to use in 
our device[16]. 

 
Figure 2.5 The surface of carbon fiber [16] 

2.4.2 Plastic 

Irregular shape components like handle and bellow support are wildly used 
in our device which are assembled in lifting part and walking part and it has 
difficulties to manufacture these components. Furthermore, some kinds of 
engineering plastic are rational material that can be used in our device by its 
light mass, good physical properties and superior plasticity. Through the 
research, we found 5 types of plastic as alternatives, they are: PES; TPU; PET; 
ABS and PC. 
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Table 1 Summary of the alternative plastic 

Properties 

Types 
Intensity Creep 

resistance Plasticity Chemical 
properties Application Price 

PES High 
Under 
180  

excellent 

Easy to 
process and 

shape 

Non-toxic 

Retardant 

Hydrolysis 
resistance 
Can hardly 

generate 
reaction 

Electrical 
and 

electronic 
fields 

Mechanical 
fields 

Special 
engineering 

plastic 

100-200 
CNY/kg 

TPU 
Wide 

range of 
hardness 

Excellent 
Easy to 

process and 
shape 

Non-toxic 

Chemistry 
stable 

Anti-
oxidation 

Widely 
used in 

medical, 
hygiene and 

other 
related 

products 

Sports and 
protective 
equipment 

 

PET Good Excellent 

Not good, need 
enhanced by 
nucleating 

agents as well 
as crystallizing 

agents and 
glass fibers 

Non-toxic 

Decomposit
ion under 

strong acid, 
alkali and 

water vapor, 
resistant to 

organic 
solvents 

Extensive  
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ABS High Excellent 
Easy to 

process and 
shape 

Chemical 
resistance 

High 
chemical 
stability 

Easy to 
degrade 

under the 
effect of 

ultraviolet 
rays 

Household 
appliances 

Car 
accessories 

Office 
Supplies 

 

PC High Excellent 

Injection 
moulding in 

ordinary 
equipment 

Poor 
hydrolysis 
resistance 

Non-toxic 

Retardant 

Anti-
oxidation 

Electronic 
appliances 

Mechanical 
equipment 

Auto 
industry 

 

 

2.4.3 Gas research 

Based on the gas transfer method in our device, the gas, which is used as a 
medium filled in gas system, guarantees the safety and stability for our device. 
There are many products which use similar gas system like pneumatic chair. 
Through the references of these products, we found that Nitrogen is the most 
wildly used kind of gas because of its stable chemistry properties. Besides, the 
purity of Nitrogen must exceed 90% otherwise the impurities will generate 
unpredictable chemical reaction with external environment in using process and 
causes accident. 
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3 Chapter: 
Problem statement, objectives and 
main contribution 

3.1 Problem Statement 

Standing is one of the basic movements in daily life and it is also a 
preparation for other movements [17]. Due to the decline of physiological 
functions, most elderly people suffer from weak muscle strength problems in 
the lower limbs, resulting in lower torque and lower balance capacity of the 
joints and extremities which cause difficulties in standing up and walking [18]. 
It is necessary to assist this group of people so that they can carry out daily 
activities such as standing up and walking. 

 
Figure 3.1 The old man is trying to stand up [19] 

Through the analysis of the human standing process, we can find that the 
elders’ (or patient's) lower limb needs to provide enough force and moment, 
and it must be accompanied by the rotation of the arm and torso. Therefore, 
increasing the force and moment at the hip joint of the elders can help them 
complete the standing. 

Currently, the auxiliary lifting methods are mainly concluded as: functional 
electrical stimulation techniques, mechanical assistance and physiotherapist 
assistance. Functional electrical stimulation techniques are method which 
stimulates the lower limb muscles to generate force and torque helping the 
elders completely stand up. However, they constant adjustment of the controller 
parameters to achieve the elders’ needs and assess the training effect will be 
difficult because of the lengthy training process. Due to the cost, weight and 
Wear time-consuming of Lower limb wearable auxiliary lifting device, it is 
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only for specific group of people. Although the elders’ (or patient's) with upper 
limbs and lower limb muscle strength can complete the erection process with 
the help of the arm, entirely rely on the arm to assist standing up will damage 
the arm due to the large momentary load of the upper limb joints, and it will 
lead to upper extremities for a long-time complication [20]. 

So many assist devices are used by aging people, but, as a matter of fact, 
during the survey, the lifting function part does not work so perfectly on the 
wheelchair. Though these devices are meant to make life easier for disabled and 
elderly individuals, sometimes the wheelchairs themselves probably cause 
accident and injury when they malfunction or are inherently defective [21]. For 
instance, in some occasions, some accidents happen because of the hold board 
with unsuitable lifting angle and too fast speed pushes user out. In other words, 
this lifting structure is not flexible to use with a rigid hold board and constant 
rotating angle. At present time, the electronic control platform may have some 
safety risk in a wet environment and it might be complicated for aging people 
to adapt and use. Users often need to spend much time learning using this type 
of tool proficiently. Therefore, a more effective and flexible device is needed 
to be designed to solve these problems.  

Through the related work survey, we need to promote the traditional assist 
lifting device on the wheelchair. The existing devices which helping user lift 
from the chair and provide a buffer for them to sit down have advantages which 
can be referred in new design, but disadvantages should be avoided. There are 
mainly three kinds of existing devices (Table 1) in the market and by using a 
table to compare the differences of them. 
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Table 2 Comparison of three different aid devices 

 
[22] [23] [9] 

Material 
Cotton, 

Stainless Steel 
Cotton, Plastic, 
Stainless Steel 

Wood, Stainless 
Steel 

Comfort Comfortable Comfortable Uncomfortable 

Driving 
Principle 

Pneumatic System 
Controlling System 

Pneumatic 
System 

Pneumatic 
System 

Electricity 
Requirement Yes No No 

With Arms Yes No Yes 

Mobility Good Good Not Good 

Size Large Small Small 

Cost About 4000 kr About 400 kr Unknown  

 

Based on the related work, we can get some general conclusions to describe 
the property of each product. 

About the pneumatic system, the main principle of it is to use the air 
transformation without any air pump or cylinder. According to the observation 
of human natural actions from sitting to standing, human always need to grab 
at something like chair arms and give them a certain pressure to stand up. 
Meanwhile, refer to some literatures of the airbags and the bellows, to connect 
these two parts with tubes can realize the gas transformation driven by the 
pressure on the bellow of the human natural standing action and the pressure 
produced by human’s weight when they are sitting on the cushion. 

According to the table, pneumatic system is the best principle for the device 
and the device should also be designed in a small size with good mobility, also 
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it should be installed with arms in a good comfort level and it is better to make 
it with non-electricity. About the material, using cotton as the surface is the best 
choice for the cushion because of its soft texture and low cost. Meanwhile, 
using plastic and carbon fibre as the material of the main structure can make 
the device with light weight, easy-modelling and high strength. Of course, the 
product should be in low price and economy for people to afford it. 

3.2 Objectives 

3.2.1 Standing part 

The reasons why cause hard-standing problems are not similar with each 
other so that the lifting aid device will provides different ways to help aging 
people stand. The processes of action provided by typical lifting aid device 
which support human sitting and standing can be analysed and divided into 3 
types as followed [20]. 

 Aging people (or patients) are completely passively involved in device-
assisted standing procedures, and the device only helps at the hip joint. 

 Aging people (or patients) with healthy upper extremities actively 
participate in the standing-up process. Knee does not generate any force 
during the standing-up process. The hip joints are assisted by the lifting 
device and the shoulder joints are supported by the upper limbs. 

 Aging people (or patients) with superior upper extremity but insufficient 
muscle strength with lower limb, in addition to the upper arm and the 
supporting force and moment provided by the lifting device, the lower 
extremities can also generate some standing force.  

We think lower limb occupies dominant position in the process of standing 
and sitting, therefore, solving the lower limb problem will make the standing 
situation different. Based on the analysis of these 3 types of action, the main 
group of people that our device wants to assist are the elders (or patients) with 
superior upper extremity but insufficient muscle strength with lower limb. 

Overall, the objectives can be described as: this device should supply 
additional support on hips to offset the insufficient muscle strength of lower 
limb. Knees, including hips, will generate less force and moment at that time, 
thus, the users will feel somatosensory labor-saving and comfortable compared 
with traditional standing which is supported by arms. 
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About the principle, our device does not decrease any force and moment that 
users’ bodies need to generate for supporting them standing up but transfer the 
force and moment which are generated with arms by pressing on two bellows 
to the lower limb with the gas pressure. The result is, while the people who 
have insufficient muscle strength with lower limb using this device, they stand 
up easily with the extra assistance pushed on their hips which is generated and 
transferred from handle. 

For gas pressure, it must be larger than 1 atmospheric pressure plus external 
pressure which is generated by seated user so that the cushion has enough force 
to sustain the weight of user and lift it up. Thus, the transformation process is 
compression. 

To complete the design of gas system, all related values of gas should be 
determined by ideal gas equation of state which could figure out every value 
that needed in gas design. During the gas compression between bellows and 
cushion, the temperature of gas changes under thermodynamics. But if T 
changes greatly, the conditions will be complicated and ideal gas equation of 
state will be difficult to solve. Therefore, we must limit the change extent of T 
and we should consider the influence generated by thermodynamics factors to 
find out a correct physical transformation of gas. 

To achieve the limitation of T, there is one ideal transformation which meets 
the requirement called isothermal compression of gas. Isothermal compression 
process has three basic conditions: 

 The process of change is slow. 

 Container is diathermanous. 

 Surroundings have constant temperature. 

To make this problem simpler, we think the medium gas in our device as 
ideal gas and create ideal situation. In our project, the altitude is 0-200m in case 
of using at plain. The movement process is not fast, and the medium has enough 
time to exchange heat with surroundings while the elders (or patients) using 
lifting device. The material of bellows, cushion and gas tube that we choose is 
diathermanous. We protocol the environment temperature is room temperature 
25  (77 °F) and it is constant. About the Nitrogen filled in gas system, its 
critical pressure roughly equal to 3.4MPa so it is obvious that it will not be 
liquid under the common using surroundings. Based on these idealized 
conditions, we could approximately think that the gas physical transformation 
in our device is isothermal compression. The change of T could be neglected 
practically. 
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According to First Law of Thermodynamics, there is: 

 

For our analysis object, where: 

 - The change in the internal energy of closed system; 

 - The amount of work done by the system on its surroundings; 

 - The amount of heat. 

Under the isothermal compression of ideal gas, , system 
releases heat, , surroundings do the work to gas, volume declines. 

The volume of two bellows could be figured out through the beforehand 
structure design in Inventor. But to make sure that the unconfirmed airbag is 
eligible to give enough gas pressure, we need to calculate by known conditions 
like bellows volume and gas pressure. Specific value of volume please refer to 
Hand Calculation. 

3.2.2 Components discussion 

In this thesis, the lifting device is designed to be 4 parts: Specific designed 
pneumatic system (lifting cushion and bellow), arms, base and mobility-aid part. 
All dimensions of each components have been formulated and the structures 
have been drawn in detail. 

Cushion is the main structure that we would like to use as lifting part 
according to the survey of related work. To expand the assist function, the 
cushion is designed to be used as a buffer to make user sit more convenient. 
Because of the human standing and sitting process, the parameters about the 
lifting angle and the material of airbag should be considered. The volume of air 
bag is too big to fill for pneumatic system, thus, the internal structure of the 
cushion need to be designed in specific shape rather than use traditional airbag. 

The pneumatic system connects with arms and lifting cushion in our device. 
Basically, it should control the speed of gas filling in the cushion and the speed 
of lifting can be restrained thereby. The capacity of gas store should be 
considered and calculated to make sure that the cushion can provide sufficient 
force to lift user up and buffer. The tube of pneumatic system should be hided 
rather than emerge outside. 

Arms is the launcher in our device. When user tries to push the arms, the gas 
inside will be extruded into the cushion, so the angle of bending should be 
considered. And, the appearance of arms should fit the requirements of human 
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engineering so that user will feel comfortable when they use them. For walking 
support function, the arms should equip some extra place for assemblage. 

The base is the part with two usages. It could be the base which makes the 
whole device fixed on the chair when the device is used as a lifting device. 
When the device is used as a mobility aid device, it will change to be the handle.  

Because the device is planned to be a commodity, the appearance of our 
device should be designed in logical architecture and the material of each part 
should be thought about. In that case we used Inventor 2018 to draw them in 
good looking based on the design philosophy. 

On further viewpoint, solving the standing and sitting problem for aging 
people who have physical difficulties dealing with them and promote the self-
care situation is the task. 

3.3 Main Contribution 

About this new aid device, as a result, it helps aging people stand from the 
wheelchair more easily, comfortably and safely. At the same time, it can be 
assembled as a walking support helping them walk stably and keeping them 
from injured. 

The main contribution of this study can be concluded as: 

1. Identify gas transfer as main method that used in device; 

2. Design a new mechanical structure of the lifting aid device consisting of 
the airbag and arms; 

3. Draw the whole mechanical structure in Inventor 2018; 

4. Select and analysis suitable material for this device; 
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4 Chapter: 
Solutions 

4.1 Solution 1 

 
Figure 4.1 The previous device (standing status) 

 
Figure 4.2 The previous device (sitting status) 

In the first draft of the device, although the whole structure has been 
designed in an efficient and artificial way which based on the human 
engineering, a serious problem of the device still need to be improved. 

The advantage of the design is that we have considered the comfort level 
when user sitting on it. To look at the handles on the both sides, they have been 
designed as some special shapes which can perfectly fit human’s arm when user 
sitting on the device and lay their arms on the handles. Also, the cross section 
of the arm has been designed of oval. When user lays their arms on the handles, 
it is more comfortable for their hands to put on a circle shape thing but when 
they want to stand up, they normally want to grab at a thing with certain height 
which can fits the length of their finger. So, oval can perfectly solve this issue. 

However, in the figure 4.1 and 4.2, the shape of the device is too big and the 
sides of the device take up too much space which will limit the type of chairs 
which can install this device. Also, the user cannot assemble the device by 
themselves but our original intention to make the device in IKEA way which 
means user can transport and assemble it easily. 
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4.2 Solution 2 

 
Figure 4.3 Lifting aid status 

 
Figure 4.4 Mobility aid status 

According to the analysis of the previous design, the second draft has came 
up with the advantages of the first draft and the improvements.  

The main principle which is the gas transferration between the cushion and 
the bellow has been kept and the oval shape of the arm as well. 

What’s more, the device has been designed with muti-usage. It is not only a 
lifting aid device but also a mobility aid device.  

All the instruction has been written in the follow paragraghs. 
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4.2.1 The shape of the handle has been redesigned 

Figure 4.5 The previous handle edition 

Although in the first draft, the handle has been designed as a foldable 
component which can fits different room size, sometimes, the front part of the 
handle might influence the lifting action because of the impact between the 
chair’s surface or edge and the front of the folded part of the handle. 

 
Figure 4.6 The extending status of the newest edition 

 
Figure 4.7 The shorten status of the newest edition 
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In the second draft, the problem has been solved by designing a flexible 
structure instead of a foldable structure. Also, nine holes have been designed 
for adjusting the length of the handle. 

4.2.2 An easier way for assembling 

 To make the device can be assembled by the users themselves, the design 
of the device follows the Nordic design style. The whole structure has been 
designed compact and has been divided to ten main parts. The connections of 
these parts are only threaded connections and by using screws and nuts.  

4.2.3 Muti-usage (lifting aiding and mobility aiding) 

The device has two usages, one is to help user to stand up from the chair 
easier and another one is to be a mobility aid device.  

 
Figure 4.8 The mobility aid status fo the device 

When the device is installed on the chair, it is mainly a lifting aid device 
which can also be the handles of those chairs which are without handles. 

 
Figure 4.9 The mobility structure 
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When the device is connected with the mobility parts, it could become a 
mobility aid device. 
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5 Chapter: 
    Details of the final solution 

After two months’ discussing and brainstorming, the design of the device 
has been finished. The whole device can be divided to 10 main parts and the 
following table is the list of all components. 
 

Table 3 The list of all components 

Parts Component 
number Name Quantity 

Handle 

1 Front handle 2 
2 Behind handle 2 
3 Length fixing screw 2 
4 Length fixing nut 2 

Base  

5 Upper part 1 
6 Under part 1 
7 Mobility aid handle 2 
8 Hinge 1 2 
9 Hinge 2 2 
10 Handle fixing screw 12 

Seat lock 

11 Seat lock 1 2 
12 Seat lock 2 2 
13 Thread rod 1 
14 Belt shaft 2 
15 Elastic band 1 

Cushion  

16 Seat cushion cover 1 

17 Seat cushion inner 
structure 1 

18 Airbag of bellow 2 

Mobility part 19 Main structure 2 
20 Wheel  4 
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5.1 Design of the handle 
To minimize the space of the whole structure, the handle has been designed 

in a curved shape and more like the handles of an ordinary chair.  To make sure 
that the length of the handle can fit all kinds of room space, the handle consists 
of two parts, the fore handle and the behind handle. They are connected with 
rail, screw and nut. 

 
Figure 5.1 The assembly of the handle 

Table 4 The list about dimension of each part in handle 

No. Name Length Height Width Material 
1 Fore handle 302 mm 40 mm 50 mm Plastic&carbon 

fiber 
2 Behind handle 370 mm 270 mm 290 mm Carbon fiber 
3 Length fixing 

screw 
55 mm  ɸ 3 mm Aluminum 

4 Length fixing nut 8 mm  ɸ 3 mm Aluminum  

5.1.1 Fore handle 

 

4 

1 

2 

3 

The tube 
The shell 



39 
 

 
Figure 5.2 Different views of the fore handle 

The fore handle has 3 main sections, the rail, the tube and the shell. The rail 
is designed to connect with the behind handle and combine with the rail of the 
behind handle, the length of the handle is flexible for users. 

The tube is designed to connect with the mobility aid part and the material 
of it is carbon fiber. 

The design of the shell is based on the human engineering. Because of the 
curved shape of the shell, it ensures the comfort of their hands and arms both 
when user sitting and standing. Also, it is designed artistic. 

5.1.2 Behind handle 

The behind handle has two main usage, fixing the top of the bellow and 
connecting with the fore handle by the rails on the both sides of the structure.  

 

 
Figure 5.3 The view of the behind handle 

Bellow fixing rail 

Fore handle fixing rail 

The rail 
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The shape of the handle is designed in a 3D curve which looks much similar 
to a normal chair’s handle. What’s more, the most important is that it has 
minimized the size of the whole device and has removed some useless parts 
which is designed in the first draft. 

5.2 Design of the base 

 
Figure 5.4 The assembly of the base 

The base consists of two parts, the upper part and the under part. 

 
Figure 5.5 The upper part of the base 

The upper part is mainly for connecting with bellows and fixing the handles. 
The reason why the upper part has been designed in a certain curve because we 
have done some experiments about the action when user standing up, we found 
that most of them will use their hands to grab at something and pull the thing 
down and up until their arms extend to be straight and the distance of the hands 
during the period of going down is about 50mm to 100mm. That means the 
maximum distance between the base hand the handle should be in this range, 
but the handle should have a certain height to realize the function of being a 
normal handle when user is in sitting status. 

Upper part 

Under part 

Bellow 
connecting 
rail Handle connection 

Hole for the 
connecting tube 
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Figure 5.6 The view of the under part 

The under part is mainly for connecting with the cushion and the handle 
which will be used when the device is used as a mobility aid device. It is also a 
box to hide the safety structure inside. 

The connection between the handle and the base, also between the upper part 
and the under part. For connecting the mobility aid handles, the thread has been 
designed at both sides of the underpart. 

5.3 Design of the seat lock 

 
Figure 5.7 The assembly of the seat lock 

To fix the device on the seat when user using it, a seat lock is necessary. 
However, to make the whole structure as simple as we can, we are trying to 
hide the seat lock into the device when it is unused. To realize these conditions, 
the seat lock has been designed with two main parts, the lock head and the 
contraction band. 

5.3.1 Lock head 

The principle of the lock head is referred from the wrench.  

Cushion connection Mobility aid 
handle connection 

Upper part connection 
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Figure 5.8 The picture of the wrench[24] 

 
Figure 5.9 The assembly of the lock head 

By using thread rods to connect all parts of the structure and making the lock 
fits almost all kinds of edges of chairs.  

The color of the lock has been carefully chosen, because it is combined with 
the mobility handle and it is at the end of the handle, so it could be an alert sign 
when user uses it at night and bright yellow is a good choice. 

5.3.2 The contraction band 

The contraction band is similar with the rubber band. Because of its 
flexibility, the seat lock can fit different widths of chairs. 

 

Thread rod 

Thread  
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5.4 Design of the cushion and bellows 

5.4.1 Cushion 

 
Figure 5.10 The assembly of the cushion 

The cushion is designed with two main parts, the inner part and the cover. 
Due to the limited amount of gas in the bellows, it is impossible to fulfill the 
whole cushion and it is unnecessary. So, the inner part is component which 
store the gas inside and realize the function of lifting aiding. 

The dimensions of the cushion are 600 mm width, 250 mm length and 120 
mm height. The cross section of the cushion is in the following figure. 

 
Figure 5.11 The dimension of the cushion 
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Figure 5.12 The inner part of the cushion 

About the inner part, it is made of tubes which are connected with each other 
and the diameter is 1 cm. (the calculation is in chapter 7 the hand calculation). 
The main reason of designing with tubes is because of the limited amount of 
gas. However, during our design of the structure we have found another 
unexpected usage. Due to the area of the tubes are small, so in the cushion, 
more free space can be used for additional usage. The whole inner part has been 
divided to three equal triangle box which can be the basket when the device is 
used as the mobility aid device.  

The cover is considered of the comfort for the users. Cotton clothes and 
sponge has been chosen which can make the cushion with good breathability 
and a certain softness. Also, the cloth is easy to clean for uses. 

5.4.2  Bellow  

 

 
Figure 5.13 The assembly of the bellows 

The bellows connects with the base and the handles by fixing the rail. 
 

bellow 
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5.5 Design of the mobility part 

 

 
Figure 5.14 The assembly of the mobility structure 

The mobility part is an additional part of the structure. It consists of the 
frame and the universal wheels. 

5.5.1 Frame  

Table 5 The dimension of the mobility structure 

Height  400 mm 

Width  52 mm 

Length  725 mm 

 

The top of the frame has a rod which connects with the fore handle. To 
minimize the weight of it, the frame is designed of hollow. 

Universal 
wheel 

Brake  

Frame  

Handle 
connection 
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5.5.2 The universal wheel 

 
Figure 5.15 The picture of the universal wheel[25] 

About the universal wheel, we have done a lot of researches in the market 
and finally we choose this type of universal wheel which has install the break. 
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6 Chapter:  
    Instruction  
6.1 Lifting aid device 

 
Figure 6.1 The working principle of the lifting device 

The lifting aid action related to two steps. First, user naturally pushes the 
handle down when they are trying to stand up and the bellow will be 
compressed, and the gas flow will escape out of the bellow and fill the tubes 
which are inside the cushion. The cushion will lift to a certain angle.  

What is needed to mentioned is that the device is not for the people who 
can’t totally stand up. The user of this device is those people who is hard to 
stand due to the weakness of their knees or other joints. The force which is 
given by the cushion is such kind of replacement of the force which should be 
offered by their certain body part. 

So, during the lifting action, the cushion is more like a buffer and a hand 
which is pushing them to stand up. 

In contrast, when user sits down on the cushion, the gas flow will escape out 
of the cushion and fill the bellows. During this action, the cushion will be 
compressed slowly which can also offer a buffer for user to sit down. And due 
to the extending of the bellows, the handles are rising and give user a buffer for 
their arms. When the action is finished, the handles are at a certain height which 
is comfortable for user to put their arms on the handles. 

Limb’s force 

Limb’s force 

Lifting up 
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6.2 Mobility aid device 

 
Figure 6.2 The picture of the mobility aid device 

 
When the device is used as a mobility aid device, it is much similar with the 

existed devices in the market. 
To use the device, first, the end of the fore handle should be inserted into the 

top of the mobility structure, because the handle and the mobility structure is 
an interference fit, it is easy to assemble and stable. 

There are three highlights of the mobility aid device. 
First, when the device is used as a mobility aid device, due to the cushion is 

filled with gas and the special design of the cushion, three triangle boxes have 
been extended and the width of each box is 176 mm which is wide enough to 
put a vacuum cup in it.  

Second, to fix the device on the ground stable when it is unused, each wheel 
has been designed with a break.  

Another highlight is the seat lock’s color. Because the seat lock is at the end 
of the handle, it can be used as a caution sign to let others notice when the user 
using the device at night. After doing some research of some caution products 
in the market, bright yellow has been chosen to be the color of the seat lock.  



49 
 

7 Chapter: 
Hand calculation 

7.1 Pnuematic system 

7.1.1 Cushion and bellows 

According to ideal gas equation, there is 
 

For our analysis object, where: 
 - The gas pressures; 
 - The gas volume which is filled in airbag; 
 - Amount of substance; 
 - Ideal gas constant; 
 - Thermodynamic temperature of ideal gas. 

Then going to determine each value of this equation. In this equation, final 
gas volume is unknown. Creating an ideal situation, temporarily determine that 
the gas compression influence caused by gas transfer tube does not make gas 
temperature increase. 

1) The final gas pressure in cushion could be defined as standard atmosphere 
plus external pressure generated by user. The weight of the material of cushion 
is not considered. It is 

 
Firstly, determine . Assume  and  are respectively the certain 

density of gas molecular and the density of gas molecular on height  
from the ground. The formula of the distribution of gas molecules in the 
gravitational field is [26] 

 
According to ideal gas equation, there are 

 
 

 
Then we can get ideal gas isothermal pressure equation 

 
In this equation, where: 

 - Boltzmann constant; 
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 - The molar mass of the gas molecule; 
 - Gravitational acceleration. 

By this equation, the specific atmospheric pressure on a certain height could 
be figured out. Based on the altitude which is about 0-200 meters in case of 
using, the atmospheric pressure not change a lot and it is approximately equal 
to  which is standard atmosphere. 

Next, 

 
 is the force generated by user seated on cushion and it obtains the 

maximum value when the cushion begins to lift user up. If we analyze extreme 
case, the cushion can always hold the user in using process. As is mentioned 
before, the research case is that the supporting force and moment are provided 
by the lifting device and upper arm, meanwhile, the lower extremities can also 
generate standing force. In that case,  is not the weight of user anymore, it 
needs to be measured in other ways. 

There is a similar research of measuring  which has been done by the 
students in Harbin Institute of Technology. They used equipment included 
auxiliary standing robot, support armrest, force measurement platform, high 
speed camera, computer and 6-axis JR3 force and moment sensors to measure 

 and observe the trend. With these tools, the curve about the value of  during 
whole standing process is shown as figure. 

 
Figure 7.1 The result of the experiment when testee standing up with the force of their limbs [20] 

In this research, the average weight of people is defined as 70kg. The curve 
marked assistive force of robot means . When the muscle strength is 
insufficient to assist the lower limbs, the supporting power provided by the 
lower limbs is limited. In the initial stage of standing, the auxiliary force for the 
lower limbs is  and maximum value of  is about . 
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 is the average touching area, we determine that 
 

 

 

2) About , the gas molar volume  is  under 25  (77 °F), 
based on the volume of bellows which is related to the whole structure design 
,we can get . Assume that two bellows are filled with 
atmospheric nitrogen, then 

 

 

3)  
4)  
Then, calculate the final gas volume 

 

 
 

This value shows the maximum volume of the airbag part in the cushion, 
any cushion which has less room of airbag can lift user up. The result measures 
up the First Law of Thermodynamics. 

Many researches and experiments indicate that actual gas only 
approximately obey Boyle's Law, Charlie's Law, and Gay Lusack's Law. When 
the gas pressure is not too large (compared with atmospheric pressure) and the 
temperature is not too low (compared with room temperature), the actual 
measured results are not much different from those obtained by the above laws. 
When the pressure is very high, and the temperature is very low, the actual 
measurement results and the results obtained by the above laws are very 
different [27]. 
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Figure 7.2 The pV value of different gases with defferent pressure [27] 

It is necessary to adjust the deviation to get precise results. In this case, Van 
der Waals equation improves the ideal gas equation. It is characterized by 
taking account of the gas molecules size and the interaction forces of molecules 
which are ignored by the ideal gas model to better describe the macroscopic 
physical properties of the gas [28]. 

For van der Waals equation, it is 

 

where: 
 and  are Van der Waals constants. 

For our project, Van der Waals constants of nitrogen are 
 

 
Assume isothermal process. Then calculate Van der Waals equation. 

 
Solve this equation by MATLAB, entering code as follows: 
clc 
clear 
syms x 
S=[]; 
S=solve(’(107008.33+0.142*(0.15^2)/(x^2))*(x-0.039*10^-3*0.15)  
=0.15*8.314*298.15’, ’x’) 
x1=S(1,1) 
x2=S(2,1) 
x3=S(3,1) 
We can get 3 solutions after running this program as shown in figure, only 

x1 is what we need. 
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There is a small deviation between two volumes comparing with two values 
which are respectively came from ideal situation and actual situation. It shows 
that the air system in the cushion does not change a lot under the interaction 
forces of molecules and gas molecules size. With the value of  we can 
continue the structure design of cushion. 

Figure 7.3 The result of calculation in MATLAB

7.1.2 Air transfer tube  

In industrial design, the choice of tube diameter is always an important issue. 
For the gas system in our device, there are two gas tubes used for transfer the 
gas filled in the bellows and cushion. The diameter and wall thickness of the 
tube need to be considered and verified by fluid mechanics and the knowledeg 
about industrial tube design. 

For the tube which assumes low gas pressure, we could use engineering 
plestic as the materail. Assume that the shape of gas tube is round, the material 
of the tube is PC. The length of each tube is . The gas system about our 
device is an instablilty system, we only consider the beginning situation and 
ending situation but the consequence influenced by transform process is not 
included. 

Firstly, preliminary determinne the inside diameter of the tube.  
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In physics and engineering, in particular fluid dynamics and hydrometry, the 
volumetric flow rate is the volume of fluid which passes per unit time; usually 
represented by the symbol Q [29]. 

Q is defined as: 

 
That is, the flow of volume of fluid V through a surface per unit time t. 
And also, it can be defined by: 

 
where: 

 - Flow velocity; 
 - Cross-sectional vector area/surface. 

Therefore, through these equations we can get the expression about , 
which is 

 
Determine each value in this equation. 
1) There are two tubes used in transfer the gas in our device, therefore  

 
 

2)  is related to the time preiod of gas transfer. To be able to optimize the 
user’s using experience, we define the using period as 5 seconds. 

3)  ,which is concerned with medium and work conditions, can be 
choosen from design table below 

Table 6 The reference of the flow velocity under different work conditions [30] 

Medium Work condition Flow velocity(m/s) 
Compressible gas vacuum 5-10 

 8-12 
 20-10 

 15-10 
 12-8 
 8-3 
 3-0.5 

Based on the gas pressure in the cushion, we choose . 
Then calculate the cross-sectional vector area 
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Meanwhile, 

 

 

 

where: 
 - The inside diameter of the gas tube. 

It is necessary to select the tube diameter economically and reasonably, the 
calculation of pressure drop is an important basis for verifying and determining 
final value of the inside diameter. The primary diameter can be used when the 
pressure drop of the tube is less than the allowable pressure drop, otherwise it 
should be adjusted to a larger size and rechecked [31]. 

The main task of calculating the pressure drop is to determine the drag 
coefficient. In different flow conditions, the drag coefficient is different. 

Firstly, determine the state of fluid flow which can be illustrated by 
Reynolds number , which fomula is 

 

where: 
 - Reynolds number; 

 - The density of fluid, ( ); 
 - The inside diameter, ( ); 

 - Flow velocity, ( ); 
 - Viscosity of fluid, ( ). 

Determine each value about this fomula. 
The gas can be calculated approximately as incompressible fluid within the 

error allowable range of the engineering issues when the pressure difference at 
the inlet and outlet ends of the gas tube is less than 20% of the pressure at the 
inlet end. In this case, the gas density can be obtained in the following different 
conditions [31]:  

 When the pressure difference between the inlet and outlet ends of the 
tube is less than 10% of the inlet pressure, the density of the inlet or 
outlet end can be taken; 
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 When the pressure difference at the inlet and outlet ends of the tube is 
10% to 20%, the density under the average pressure of the inlet and 
outlet should be taken. 

For our project, the pressure difference is less than 10% of inlet pressure, 
thus, the density of nitrogen under 25 which is  could 
be selected. 
Refer to reference, under 25  . 
Calculate Reynolds number. 

 

 
When the Reynolds number meets the requirment about following 

inequation, the state of fluid is defined as turbulent hydraulic.  is only related 
to  [32]. 

 
where: 
 – The absolute roughness of the tube . 

For our gas system, the material of the tube is PC. Refering to references, 
the absolute roughness of plestic could be determined by mm 
[33]. 

It is obvious that the following inequation is correct. 

 

In this case, for  which fulfills , physicist Blasius 
concluded an experience equation for calculating , it is: 

 

 
The fomula of pressure drop is: 

 
where 

 - The straight pressure drop ( ); 
 - The partial pressure drop (kPa). 
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where: 
 - Pressure drop ( ); 

 - Drag coefficient along the path; 
 - The lenghth of tube ( ); 
 - The density of fluid, ( ); 
 - Flow velocity, ( ); 

Then calculate the pressure drop by the fomula above. 

 

 
For the partial pressure drop, it is generated by factors such as the change 

about flow cross section and tube accessories. It can be concluded as following 
fomula [34]: 

 
where: 

 – Partial drag coefficient. 

 
Figure 7.4 The sketch of the tube when calculating the partial pressure drop [34] 

In the figure above, where: 
 - The angle of bending; 
 - The inside diameter, ( ); 
 - Radius of curvature on center. 

When ,  can be found from the table below. 
Table 7 The table for searching k by different conditions [34] 

 
Through the structure design of the gas tube,  is approximately defined as 

0.8 so  which could be found in this table. For single tube which 
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connects with bellow and cushion, there are two bending parts which angle are 
both . 

Calculate  by the fomula above: 

 

 

Therefore, each tube has: 
 

 
We can find that the value of the pressure drop is small which is within the 

allowable range compared with . As a result,  
can be used. 

Second step, select the wall thickness of the tube. 
For the tube which assumes low gas pressure, we could use engineering 

plestic as the materail. The wall thickness could be calculated by the following 
fomula [35]: 

 

where: 
 - The wall thickness of the tube ( ); 
 - Strength factor of safety; 
 - The internal pressure of the tube ( ); 

 - The permissible stress of material; 
 - Welding coefficient; 
 - Additional thickness. 

Determine each value in this equation. 
1) In normal case, . To improve the safety performance, we 

choose  
  

2) Make gas tube and cushion as study object. Regardless of the pressure 
drop, by using Bernoulli's principle, there is: 

 

where: 
 - Flow velocity in different case, ( ); 
 – The gas pressure in different case, ( ); 

 - The density of fluid, ( ); 
 - The potential energy of object in different case. 
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For our study object, the potential energy of gas is too small to measure, the 
speed of gas in the cushion is , so that the equation can be simplified as: 

 

 
 

3) About , the yield stress of PC is , therefore 
 

 
4) If the tube is seamless, . 
5) In genaral, in engineering, when , . 
Then, 

 

 
When the tube is bended , the wall thickness should be increase, the new 
thickness could be; 

 
where: 

 - The outside diameter of the tube. 
 - Radius of curvature on center. 

 

 
Based on the conclusions above, the specific parameters for each gas tube 
could be seen in the table below. 

Table 8 The physical and mechanical properties of the gas tube 

Gas tube Length (m) 0.12 
Shape round 
Inside diameter (mm) 6.65 
Wall thickness (mm) 1.59 
Bending parts 2 for  
Pressure drop (Pa) 64 
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Material PC 

 

7.1.3 Welding 

7.1.3.1 Background 

 
Figure 7.5 The welding part 

The welding part of the device is the mobility aid structure. Both the hand 
calculation and the FEM are used to analyize the welding.  

For these two components, the material is aluminum 6061 and the 
machenical property is in the following figure. 

 
Figure 7.6 The machenical property of aluminum 

For the welding area, it is a annulus welding and a-dimension is 7 mm. 

Young's modulus 

Poisson's ratio 

Shear modulus 
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7.1.3.2 Force analysis 
Before calculating the maximum force, the model should to be simplized. In 

the following figure shows the load case of the structure. 

 
Figure 7.7 The force analysis 

The force on the top of the structure is the maximum force when user is using 
the device and because the structure is connected with the upper part, the weight 
of human body directly acts on the structure. So the force is equal to human’s 
weight  and the safety factor is 1.05. 

 

7.1.3.3 Calculation 
The welding situation can be simplized as a T fillet welding.  

 
Figure 7.8 The schema of the T fillet welding[36] 

The stresses in the weld divided into  and , which raises the following 
equilibrium equations[36]: 

 

The first of these equations gives that = , and this result is inserted into 
the second equation that  

 

F 
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But in this thesis, the cross section of the structure is circle, so the equation 
has been changed into  

 
With the diameter of the cross section is 44 mm and the a-dimension is 5 mm, 
the equation becomes to 

     (equation 1) 
 

The F in the equation is the force N which is equivalent to the resultant force 
of  and . 

 
Figure 7.9 The simplized force analysis 

According to the load case in the upper figure, the equations in both x axis 
and y axis has been shown. 

  

 

Then, put the N value into the equation 1 and comes out: 
 

Because of the  and  
 

  

F 

 

 

N 

 



63 
 

8 Chapter: 
FEM simulation 

8.1 Analysis of the mobility aid handle 
The mobility aid handle is mainly used when the device is used as a mobility 

aid device.  To consider about some extremely situation when the users are 
using the device, the maximum load case of each side of the handle is 687.4 (70 
kg × 9.82 N/ kg). 

 

Figure 8.1 The Von Mises stress of the handle 
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Figure 8.2 The displacement of the handle 

Table 9 The comparison of the hand calculation and FEM 

Components name Load  Von Mises (max) Displacement (max) 

Mobility aid handle 687.4 N 153.6 MPa 2.054 mm 

8.2 Welding 
Before doing the stress analysis, the structure should be welded by using the 

welding function in Inventor 2018. The a dimension is 5 mm which is chosen 
in the hand calculation. 

 
Figure 8.3 The value of the a dimension 
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We defined the force on the structure is 721.77 N which is the maximum 
weight of users we determined in this thesis. The force directly works on the 
face which is touching with the end of the handle part. 

 
Figure 8.4 The load case on the structure 

The material of both two components are aluminum 6061 and the fixed 
constraints are those two face which is connected with wheels. 

 
Figure 8.5 The fixed constraints 

The result shows that the maximum Von Mises stress is 29.86 MPa which 
is much similar to the result of the hand calculation 29.72 MPa. 
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Figure 8.6 The result of the FEM 

However, it still has some inaccuracy between the result by FEM and by 
hand calculation. We have concluded several reasons. 

 

 

8.3 Cushion 
Abaqus is a powerful finite element analysis software, especially in the field 

of nonlinear analysis, which can solve many complex engineering problems. 
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To be able to observe the transfromation about the cushion which is related to 
the sitting and standing processes of the user, we heve tried to use Abaqus to 
simulate these movements. 

In our project, we are not able to assemble the internal skeleton structure of 
the cushion based on the mechanical design in Inventor, so the transformation 
process is an approximate simulation compared with real transformation as 
imagination 

About this problem, we craete a contact analysis enviroment, thinking the 
user’s body as a solid object going to contact the cushion, the dimensions of the 
cushion and the solid above is reated to the mechanical design which has been 
done already. 

To create this enviroment, several basic settings are required. For instance, 
we need to set the seam of the cushion and the internal pressure which is about 

. And the Young's Modulus and Poisson's ratio of each 
object are also needed. Nylonn fabric is used for the surface material of the 
cushion so we set that the Young's Modulus is  and the Poisson's ratio 
is . The dennsity of the nylon is . The whole step period 
that we set is 0.5. 

.  
Figure 8.7 The mechanical properties of the nylon 

Before creating a full analysis job, we need to set mesh of each object as 
much as possible within the allowable range in order to observe the 
transformation more clearly. The approximate global size of the cushion is 0.01. 
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After these settings, we can create a job for running. The results of analysis 
are shown in the figures below. 

 
Figure 8.8 The starting status of the step period 

For sitting process, this figure illustrates the beginning status of the 
movement. The cushion stays lifting status and the user begins to sit down. 

 
Figure 8.9 The moment when user touching the cushion 

In this case, user begins to contact with the cushion. As we can see, the 
boundry of the cushion changes and the yellow parts which means the increase 
of the Von Mises stress at the seam appear. 
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Figure 8.10 The final status of the step period 

For the last figure, both stress state and shape at four corners of the cushion 
change a lot at the end of the step period. This analysis is not an accurate 
simulation for real situation which is because there are no gas tube and bellows 
used for constitution of the gas system, but this analysis still makes some 
progress. We obtain that during the sitting process, the boundry, especially the 
corner is the stress concentration area which means these parts will be broken 
more easily than other parts and it should be designed carefully. 
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9 Chapter:  
Marketing  

9.1 Similar device 
During the research, there is many kinds of device which can help people to 

stand up. 

9.1.1 The special walking stick 

 
Figure 9.1 The walking stick[37] 

The special walking stick is a very simple structure to offer user a handle 
which they can grab in it and helping themselves to stand up. But the 
disadvantage of it is that if the user’s arm is not strong enough, they can’t offer 
the force which can help themselves to stand up and  the device couldn’t give 
any help. 
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9.1.2 Lifting aid sofa 

 
Figure 9.2 The lifting aid sofa[38] 

This lifting aid sofa is a talent design. It can help user standing up smoothly 
and by using some simple lifting structure, the cost and the weight of it is almost 
same as a normal single sofa.  

However, the biggest disadvantage of it is the mobility. It is too big and 
heavy for user moving it and only when user sitting on this sofa, they can be 
helped to stand up. 

9.1.3 Lifting aided cushion 

 
Figure 9.3 The lifting aided cushion[23] 
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This kind of device is very simple and light. User can use it for different 
kinds of chairs and it is easy for user to carry it. 

However, when some user has some problem with their balance or some 
weakness of their joints, they always need handles that they can keep their 
balance by grabbing on them. But for some chairs, they have been designed 
without handles, so this is a biggest problem of this device. 

9.1.4 The lifting aid device in this thesis 

 
Figure 9.4 The lifting aid device in this thesis 

About the device in this thesis, we have solved all those issues that appeared 
in the existed products. Due to the material of it is carbon fiber and plastic, the 
weight is light and it is easy for user to carry. Second, it has two handles which 
can solve the problem for those chairs without handles. Then, the size of the 
device can be changed to fits different situation.  

9.2 Economy 
Due to the device can be used both as a lifting aid device and as a mobility 

aid device, so the price of the existed device has been searched for both two 
kinds of devices. 

9.2.1 Lifting aid device 

We have searched the price of the device in the following figure because it 
is the reference of the device which we have designed.  
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Figure 9.5 The price of the lifting aid cushion[39] 

The price of it is about 300 CNY (about 400 SEK). 

9.2.2 Mobility aid walker 

We have chosen one of the most common kinds of mobility aid walker with 
the similar functions (a storage bag and the break) to our device. 

 

 
Figure 9.6 The price of the mobility aid walker[40] 

The price of it is 54.99 USD (about 472 SEK) 
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9.2.3 The price of the device in the thesis 

Because carbon fiber has been chosen for the device, the price will be a little 
bit higher than a normal lifting device, but it is still cheaper than buy a lifting 
aid device and a mobility aid walker. 

Some of the components can be bought in the market such as the wheels and 
some screws and nuts and the cost of them is very cheap. 

 
Figure 9.7 The price of the universal wheel[25] 

About the plastic and carbon fiber, if the product is in mass production, the 
cost of the material is about 200 CNY (about 300 SEK)  

So, the cost of one device is about 400 SEK to 450 SEK and it is a little bit 
expensive than the existed lifting aid device in the market but it can realize two 
usages in one device. We think it is still valuable.   
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10 Chapter: 
 Conclusion and future work 

10.1 Conclusion 

In this thesis, we have finished the design of the product. We are so exciting 
that to finish this task and hoping the product can be used by those people who 
need this such kind of device urgently. 

For the thesis itself, we have considered almost all kinds of situation which 
includes the using environment and different figures of users. All dimensions 
of all parts have been designed reasonable through plenty of researches and 
experiments. We have referred from a lot of existed devices and do some 
analysis for the safe of the structure and it is strong enough for the daily using. 

Because none of group member is professional in medical field, we have 
investigated with some nurses and doctors who are major in nursing. Also, we 
have read a lot of papers which are both about the human natural actions and 
some related experiments. 

10.2 Future Work 

 Although we have considered of the complexity of manufacturing, 
we still lack experience of the reality manufacture condition. There 
must be some components of the device should be improved 
according to the reality of manufacturing.  

 Although we have done a lot of research about the material, we are 
still not professional in this field. It is better to cooperate with some 
people who are major in material for the future work. 

 The device is designed with principles not some reality situation. 
Because of limited time and the disability to manufacture the 
products on our own, it is still not so reasonable of some design. It is 
better to produce a physical product and to have more test on it. 
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Appendix 1: 
Dimensions of each component 

 



80 
 

 



81 
 

 



82 
 

 



83 
 

 



84 
 

 



85 
 

 



86 
 

 



87 
 

 



88 
 

 



89 
 

 



90 
 

 



91 
 

Appendix 2: 
 Main Assemble  
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