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Abstract 

Nowadays, almost all existing wheelchairs have the problem that they only 

satisfy the disabled people to use for normal moving and transportation. A new 

wheelchair with a gear system guide rail which installed in the car is presented 

in this paper. The gear guide rail system will transport the whole wheelchair 

and person on it into the car. This wheelchair system will help people with 

disability whatever passengers or drivers to get into cars automatically. In this 

paper, the operation and the strength will be analysed through 3D model and 

theoretical calculations. Surveying to Swedish market, Volvo XC60 and V60 

is chosen to design the size of the wheelchair. Besides, this new wheelchair 

system also can be suitable for the cars which are larger than those two car 

models. 
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1 Chapter:  
Introduction 

About 1.5 million people in Sweden have some sort of disability. Among 

them, about 0.8 million people need to use a wheelchair. The main goal of 

Swedish disability policy is to ensure that people have the power and influence 

in their daily lives. All citizens must be able to work, learn and participate in 

social activities, in terms of equality. As a result, the Swedish government has 

instructed the country's cities to make facilities, such as bus and tram station 

more convenient, and it is also reviewing the disability and public 

transportation act. In addition, it plans to introduce a new law, rights through 

the establishment of local and regional public transport travel. People who have 

great difficulties traveling or using public transportation vehicles can receive 

from the Swedish Social Insurance Agency [1].  

Our project is to improve life of people with disability who uses 

wheelchair. Nowadays, cars are becoming more familiar to people, but still not 

friendly enough to the people with disability. If they want to be the drivers or 

passengers of cars, they need to buy a special car to get in the cars. So it is 

necessary to design a new system about wheelchair to help them get into the 

car themselves. It will provide them with a new way to experience normal 

people’s life. 

It is very common that some disabled people need an assistant person who 

is trained for helping the disabled in their daily life. They need these trained 

people only because they cannot do even the basic movement without help. In 

our opinion, being able to take care of themselves maybe is the biggest dream 

of the disabled people. 
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In order to achieve this purpose, it was intended to design some 

contributions which are able to transfer from the wheelchair to vehicle seat. A 

solution to enter the vehicle is to completely eliminate any human’s lifting 

during the transfer. Simply let the wheelchair transform into the car seat. For 

this, you need a little help from a caregiver and the wheelchair system. Put up 

the Wheelchair and slide the entire seat into a safe and comfortable position 

inside the car. Without ever having to leave the seat the user are now able to 

enjoy the comfort and safety of riding up front. 

The wheelchair and sub system for the car designed in this thesis can let 

the people with disability experience the normal people’s life and get benefited 

from the technology. 
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2 Chapter:  
Background: Survey of related work 

In recent years, the concept of accessibility and normalization is gradually 

penetrating and applied to all areas of society. Meanwhile, the humanization 

design concept has also been a growing concern.  

Considering the facilitation of traffic moving increasingly, cars play a 

pivotal role in promoting the people with disability to participate in social 

activities. 

The typical product (Figure 2.1) existing in the market always need 

another assistant to help the disabled people move to the car seat from 

wheelchair. 

Operation process of this device are, first, when the door is fully open, 

pressing and holding a button on the remote control will lift the seat and slide 

a little forward to position it properly for rotation. The back rest is also adjusted 

automatically. Next in the case of the seatback does not reline, the seat rotate 

outward. Finally the seat dropping smoothly and automatically. (The seat can 

be stopped at any height) An assistant will help people with disability sit on the 

wheelchair. 

But this can be very tiring if you have to do it too often. For instance, just 

going to a doctor's appointment means you have to do this four times. Therefore 

more efficient and convenient way is needed to solve the issue that the disabled 

people can get into the car automatically. 
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Figure 2.1 Product in market is Nissan NV200 [2] 

Another typical product (Figure 2.2) has already been for sale in market, 

and it is the most popular way to help disabled people get into the car with their 

wheelchair. 

This systems are developed and provided to a person with disability who 

cannot drive standard nor light modified welfare cars by themselves. A floor of 

a van is modified to be lowered allowing a wheelchair user to access easily with 

a wheelchair using a ramp from the side of the side of vehicle. Thus a 

wheelchair user can get ride in a ride on a car by driving a wheelchair and dock 

in a driver’s position directory without seat changing. 
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But it may need much bigger cars to hold the whole size wheelchair. For 

instance, there will be a van to install all equipment to get its goal. It will not 

be convenient for those families, which just own a small car. Therefore a more 

efficient and convenient way is needed to solve the issue that the disabled 

people can get into the car automatically. 

Besides, there is no more products which has the familiar function to send 

the people with disability into the car. Instead of sending them into the car, the 

wheelchairs existed prefer only to be folded to be put in the car’s trunk. 

Therefore, the product in this thesis is an idea of designing a device to send 

both wheelchairs and people with disability into the car automatically. 

 

Figure 2.2 Product in market [3] 
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3 Chapter:  
Different alternative solutions 

Normal wheelchairs are made as a fixed structure, mainly because they are 

designed with single purpose, just carrying people. It does not consider that it 

is difficult for people with disability to get into the cars. Therefore, they need a 

kind of special wheelchair or vehicle to provide a way to help them to get into 

the car. After a survey of the products existing in the market, it is found that 

improving the function of the wheelchair is a better way to solve the problem. 

At the same time, there are several ways to choose to achieve the goal that helps 

people with disability to get in the car. As the list below: 

3.1 Moving only person into car 
The first idea is to design an automatic device (Figure 3.1) to take only the 

person into the Volvo car. There will be some structure to hold the person, lift 

him up and put into the car with a mechanical hand. Firstly, users should move 

their wheelchairs in front the door of the car, and face the direction of the door. 

Then, they can use the remote control to move out the guide rail to lift them up 

and send into the car. No requirement of big enough space in the car in this case, 

but the design of the structure would be complicated. Besides, sending the only 

person sometimes shows more dangerous issues that how to ensure the user is 

fixed on the guide rail and prevent from falling down. Besides, the driver or 

someone else need to put the wheelchair into the car. The sample model of this 

idea, see the picture below and it is just an idea with no details about the 

mechanical hand structure. 
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Figure 3.1 Sample model of idea I 

3.2 Moving person and part of the wheelchair into car. 
The second idea is to design an automatic device (Figure 3.2) to take the 

person and part of the wheelchair into the Volvo car. There will be two parts of 

the wheelchair, and a mechanical structure installed in the car. Firstly, users 

should unlock their seats from the wheelchairs, then they can use the remote 

control to send the guide rail out. The guide rail will lock the seat of wheelchair 

and send the seat and the users into the car. Because wheelchair will be 

separated into two parts (Figure 3.3), and put the seat of wheelchair together 

with the person into the car, the structure of separating the wheelchair is the 

most important part. It is necessary to ensure that that part is not only strong 

enough, but also flexible. The sample model of this idea can be seen in the 

picture below. 
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Figure 3.2 Only chair on the guide rail board   

 

Figure 3.3 Separating the chair from the wheelchair 
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3.3 Moving both person and wheelchair into car 
The last idea is to design an automatic device (Figure 3.4) to take both the 

person and the whole wheelchair into the car. A particular structure like a 

mechanical hand will help lift the whole wheelchair up and put it into the car. 

In order to earn more space for the car to hold the whole wheel chair, the 

foldable structure is necessary to think about. Therefore, enough space is 

needed in a car to fit the whole wheelchair in. As the sample showed below 

(Figure 3.5), the rotatable front wheel and the scalable rear wheel will provide 

some possibility to send the whole wheelchair and the user into the car. Because 

the rear wheel is too small, someone has to push the wheelchair for normal use. 

 

 

Figure 3.4 Sample model 1 of idea III 
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Figure 3.5 Sample model 2 of idea III 

3.4 The Choice of each idea 
Due to different cases, the third idea is chosen as the final design. There 

are three reasons. First, not only the first idea carrying the only person, but also 

the second idea carrying the person and part of wheelchair are both needed 

someone else’s help. There must be a whole wheelchair or part of wheelchair 

outside the car, and needed to be put into the car, but this step cannot be finished 

by the wheelchair’s users. Secondly, during the each ideas’ sample design, it is 

found that the first idea and the second idea are familiar ways to reduce volume 

of wheelchair to gain more space in the car, but it brings more disadvantages 

than the advantages it gains. These two designs requires easier structure than 

the third one, but needs one more person’s help and reduces its convenience in 

some case. In the third aspects, when the users use the third solution, they less 

steps than other ideas. Therefore, the third idea is decide to be the final one with 

an important modification in the rear wheel. 
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4 Chapter:  
Details of the final solution 

As the study of the related work, the existing equipment which is used to 

send the person with disability into the car mainly consist of two parts, the 

wheelchair and the device installed in the car. Therefore, the idea of the whole 

wheelchair system is also based on this way, in this design, the whole system 

also consists of two parts, the handy wheelchair (Figure 4.1) and the flexible 

guide rail structure installed in the car. The flexible guide rail will put up the 

whole wheelchair and send it into the car. The flexible guide rail is a gear 

system, and it will control the whole device’s movement of up and down, the 

movement of inside and outside and also the rotation. The words below explain 

more details about the working steps of the whole system. 

 

 Figure 4.1 The proposed system of wheelchair 
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4.1 The operating steps of the handy wheelchair 
When the person with disability remains seated on newly designed 

wheelchair for normal moving, it is similar with the other normal wheelchair. 

When the users want to move into the car for being passengers or even drivers, 

they should perform the following steps.  

First of all, they should use the wheelchair (Figure 4.2) to move near their 

cars and open the door. Secondly, they need keep a little distance from the car 

and use the controller of the electrical motor to control the flexible guide rail to 

stretch out. In third step users should move the wheelchair to the certain 

position that the guide rail is under the wheelchair, then they need to lock the 

guide rail and the wheelchair. The lock is installed in front of the seat of the 

wheelchair and between the user’s two legs. In fourth step, they need use 

remote control to make the guide rail to put up the wheelchair and they need to 

fold the rear wheels (Figure 4.3) and pull up the front wheelchair. Finally, they 

use the remote control to send the whole wheelchair inside the car, rotate 90 

degrees and close the door.  

 

Figure 4.2 The handy wheelchair system 
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Once the person reaches his destination, it is time move outside of the car. 

The steps are as follows. The first step, the user should open the door can use 

the remote control to rotate the guide rail 90 degrees and stretch outside the 

guide rails along with wheelchair. Secondly, user should restore the folded rear 

wheels into the normal shape and push down the front wheels. In third step, the 

user needs to use remote control to make the guide rail to put down the 

wheelchair on the floor and unlock the wheelchair and guide rail. Using the 

remote control to restore the guide rail inside and closing the door is the final 

step. Through the explanation of the operating steps of the handy wheelchair 

system, it can be found that the complete steps can be finished by the user 

himself/ herself. Besides, the strength of users should be of the normal level, or 

it will be hard for them to fold the rear wheels and pull up the front wheel. 

 

 

Figure 4.3 The wheelchair on the guide rail with folded wheels 
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Then the real size car model is used to simulate the situation how to send 

the whole wheelchair into the car. As the picture (Figure 4.4), the user has 

already made the wheelchair locked on the guide rail, then the user needs to 

fold the rear wheel and pull up the font wheel. 

 

Figure 4.4 Wheelchair on the guide rail before sending inside 

As the picture below (Figure 4.5), it is the situation that the final step has 

been finished. 

 

Figure 4.5 Wheelchair faced to the driving direction 
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4.2 The operating steps of the foldable rear wheel 
Since the third idea of moving the whole wheelchair and person into the 

car is accepted, the way of reducing the volume of the wheelchair is the most 

important issue that it needs to be thought about. As the most flexible part of 

wheelchair, the wheels of wheelchair are seen as the key to create more room. 

Therefore, it is decided to redesign a foldable wheel to earn more room and at 

the same time, the task is to put an emphasis on the design of the wheelchair’s 

basement, so that it can be adjusted and folded. 

 

Figure 4.6 The rear wheel in normal status 

In order to make the wheelchair to be small enough, a different rare wheel 

is designed. It is divided into six parts, and they are linked with pins. Because 

of the space limitation, the wheel can be folded into the same shape. There are 

two support struts inside the wheel to prevent the wheel from being folded, 

when they are being used as a normal wheel (Figure 4.6).  
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But the most important thing to make the wheel unfold-able is the pin 

inside the two support struts. If the wheel needs to be folded, the holes on each 

strut are not coincided until the wheel is folded. Therefore, if there is the middle 

pin inside both holes of two struts, the wheel cannot be folded or restore to the 

normal shape.  

Because of the wheel’s function, when the user need to get into the car and 

the rear wheels are need to be folded, the user just need to put out the middle 

pin to fold the rear wheels. When the wheels are folded, the users need to insert 

the pins again to fix the wheels (Figure 4.7) to prevent from recovering into 

normal shape. Conversely, when the users wants to move out from the car, 

pulling out the pin to make the folded wheel into normal shape, and insert the 

pin to prevent the wheel from being folded. Among the components of the 

wheel, there is a rubber holder, when the wheel is in the process of folding, it 

can change its shape, at the same time, and it still keeps the wheel fixed on the 

support structure. Besides, it can reduce 200 mm in the size of the diameter to 

save the space. 

 

Figure 4.7 The rear wheel in folded status 



32 

 

After studying the reference of foldable wheels, it is found that there is the 

same idea which has the familiar function to fold the wheel with the way of 

separating the wheel into several parts. And it has been in market, and called 

Morph Wheels (Figure 4.8). The detail about this is [4]: 

When folded, the wheel takes up a total of 0.4 cubic feet of space, 

compared with the 0.7 cubic feet it would usually fill when fully circular – a 

saving of almost half the volume. Put another way, this enables its size to be 

reduced from 24 inches (61 cm) in diameter, to the more manageable 

dimensions of 32 x 12.5 inches (81 x 32 cm). 

Figure 4.8 Product of Morph Wheels [4] 

Each Morph Wheel tips the scales at 7.5 pounds (3.4 kg), and when used 

in a pair can support up to 300 pounds (136 kg). It's constructed from glass 

filled nylon, with a polypropylene hand rim, and solid tire. The Morph Wheel 

is available now, and sold as a pair from US$950. Therefore, space is possible 

to turn our wheels into the reality, or use the existed Morph Wheels directly to 

gain the space. 
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4.3 The operating steps of the foldable front wheel 
After folding the rear wheels, person sitting on the wheelchair needs to 

pull the pull-up handle back (pink). The linkage of the front wheels structure 

(Figure 4.9) will help the people with disability to let their legs up for a certain 

distance. The reason of this step is also to help the users to keep a certain posture 

to get into the car. Besides, pulling up the front wheels will make it not to be 

the obstacle, when the guide rail moves the whole wheelchair into the car. After 

studying the distance between the car and the ground, and the distance between 

users’ feet and the ground, pulling up the front wheels is a necessary step. 

 

Figure 4.9 Front wheel supporting structure 
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The principle of the linkage structure is when there is the force on the pull-

up handle (pink), the decomposition of forces will be on the both coloured 

handle. The direction of the force will help the green part slide along the chute. 

Due to the certain length of the coloured links, the front wheel support structure 

will be pulled up. There are two certain location to keep the pull-up handle 

fixed status. When the wheelchair is used to moving on the road, the linkage 

status is like (Figure 4.10), the purple and grey structure will be the supporting 

structure to prevent the front wheels from being put up. 

 

Figure 4.10 The status of the front wheel during normal moving 
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When the wheelchair needs to be sent into the car, the linkage status is l ike 

(Figure 4.11), the pull-up handle is fixed in certain position to keep the front 

wheels pulled up. Because of the lock of the pull-up handle, it will not restore 

to the position of moving status, then it will not be the obstacle for user to use 

when he or she is in the car. Among them, the accurate length of the three 

handles (pink handle, purple handle and grey handle) is showed in the 

Appendix part (Appendix 6). 

 

Figure 4.11 The status of the front wheel in folded position 
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4.4 The operating steps of the wheelchair lock 
The structure of locking the wheelchair on the guide rail is an important 

part to ensure the safety of the users. In the design of this part, two parts are 

used to protect the wheelchair from falling down from the guide rail. As the 

picture below (Figure 4.12), when the guide rail has been stretched out, the user 

need to move the wheelchair towards the guide rail, then they will see the 

position of part B showing on the picture to ensure that they have been in the 

correct position. And the status of the part A is getting ready to lock in the 

groove below, which is the structure on the guide rail board. Next step is to 

make the user to use the remote controller to move up the guide rail to let the 

part A inside the groove of the guide rail board. 

 
Figure 4.12 The status before locking on the guide rail 
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When the guide rail moves up, and make the part A inside the guide rail 

groove, then the user of the wheelchair need to move the wheelchair forward 

for a little distance to make the part B absolutely click in the wheelchair. At the 

same time, the part A will prevent from leaving the groove with the normal 

straight moving. Then the status of the wheelchair and the guide rail likes the 

picture below (Figure 4.13). Finally, the gravity of the users and the negative 

force will help the wheelchair lock on the guide rail. Due to no thinking about 

the crash of the car accident. Therefore, in our further work, the lock structure 

will be made more stable. 

 

Figure 4.13 The status of the locked wheelchair to the guide rail 
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4.5 The operating steps of the gear system 
A gear system is installed in the car, it is used to control the whole machine 

up and down, the guide rail out and in and the rotation of the wheelchair. The 

normal gear and two bevel gears are coaxial, and their rotary motion is 

controlled by electrical motor I (Figure 4.14). Besides, there is the other 

electrical motor II to make rack do the straight movement, at the same time, the 

coaxial gears change their position. The electrical motor is powered by car 

battery, because the voltage is high enough and it is convenient to use. 

 

Figure 4.14 The two electrical motors and the gear system 

When these three coaxial gears’ position is changed, only one pair of gears 

are engaged. Each pair of gears being engaged causes different motion, when 

the electrical motor rotates. For instance, when the middle bevel gears are 

engaged (Figure 4.15), because of the bevel which is at the bottom of the gear 

system is fixed, the electrical motor makes the middle bevel gear rotate. As the 

result, the whole gear system will be rotated by the power of electrical motor.  

This motion is used to rotate the guide rail 90 degrees to make the wheelchair 

face the direction of driving or the door. 
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Figure 4.15 Gear system status I 

Using the electrical motor II to rotate to make the coaxial gears be the 

certain position that the right bevel gears are engaged (Figure 4.16Figure 4.16). 

Then, if the users make the electrical motor I rotate, the normal gear which is 

coaxial with the right bevel gear will make the rack do the straight movement 

through the chain transport. For the rack is the one part of guide rail board, then 

the guide rail board do the same straight movement. As the result, the guide rail 

will do the motion of stretching out or inside, if the right bevel gears are 

engaged and rotate electrical motor I. 

 

 

Figure 4.16 Gear system status II 
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When the left normal gears are engaged (Figure 4.17), rotating the 

electrical motor I will make four racks up or down. Because the four racks are 

fixed on the bottom of the basement, the four normal gears which are engaged 

with the racks will put the whole gear system up. As the gear box is one part of 

guide rail, the guide rail will be put up at the same time. Because of the function 

of the worm gear, the self-locking will keep the entire gears locked if the worm 

gear wants to drive the worm wheel. As the result, it will prevent the guide rail 

from being put down if the electrical motor I stops working. The advantage of 

this design will protect the users and keep from suffering sudden falling down. 

 

Figure 4.17 Gear system status III 

 

 

Figure 4.18 Gear system status IV 
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4.6 The electrical control of gear system 
After studying the reference of PLC, it is found that it is a programmable 

logic controller, which is used in general industrial electromechanical processes, 

such as machinery factory assembly line, rides, or lighting control automation 

digital computer. PLC is used in many machines in many industries. 

Since many industrial processes millisecond response time to resolve, 

modern (fast, small, reliable) greatly contributed to building reliable electronic 

controller, especially because performance can be traded off for reliability. The 

main difference from other computers is that PLCs are armoured for severe 

conditions (such as dust, moisture, heat, cold), and a facility for extensive input/ 

output (I/O) arrangements. These connect the PLC to the sensors and actuators. 

The PLCs read limit switches, position similar to the process variables (such as 

temperature and pressure), and complex position of systems. Some use machine 

vision. On the actuator side, PLCs operate electric motors, pneumatic or 

hydraulic cylinders, magnetic relays, solenoids, or analogy outputs. The input/ 

output device may be built into a simple PLC or PLC may have attached to the 

inserted PLC in a computer network of external I/O modules. 

Among them, IEC61131-3 currently defines five programming languages 

for programmable control system: Function Block Diagram (FBD), Ladder 

Diagram (LD), and Structured Text (ST; similar to Pascal programming 

language), Instruction List (IL; similar to assembly language), and Sequential 

Function Chart (SFC). These techniques emphasize logical organization of 

operations [5]. 
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Figure 4.19 The Mitsubishi PLC product [6] 

 

In the design, the Mitsubishi PLC will be used for electrical control. 

Because of the principle of PLC is stable, the safety of users is the most 

important point it cares about. In the programing of the PLC, the ladder diagram 

is used to show the function of the control of the PLC. In the ladder diagram, 

the PLC will control two electrical motors. In the introduction on the gear 

system, it says that the electrical motor I controls the three coaxial gears to do 

the motion of rotating, and the electrical motor II will control three coaxial 

gears to execute the motion of straight movement. The next section explain how 

the whole electrical control works. 
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Figure 4.20 The control of two electrical motors 

The picture (Figure 4.20) shows the control of the two electrical motors 

that there will be two electrical motors are linked with the power of the car. The 

M2 is the electrical motor II, and it controls three coaxial gears the motion of 

the straight movement. Besides, the KM1 is the key of the motor to work in 

clockwise and the KM2 is the key of the motor to work in counter clockwise. 

These two key cannot be clicked at the same time. Therefore, in the same way, 

the M1 is the electrical motor I, and it will control three coaxial gears the motion 

of rotating. And the KM3 is the key to let electrical motor I work in the  

clockwise direction, the KM4 is the key to let motor rotate in the counter 

direction. 
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Figure 4.21 The limit switch of the electrical control 

Before introducing the principle of the ladder diagram, there are some 

explanations about the limit switch. In electrical engineering a limit switch is a 

switch operated by the motion of a machine part or presence of an object. There 

are six limit switches in the whole electrical control. LS7 and LS8 are the limit 

switches which control the critical position of up and down. LS9 and LS10 are 

the limit switches which control the critical position of outside and inside. LS11 

and LS12 are the limit switches which control the critical position of rotating 

out and rotating in (Figure 4.21). When the gear or rack does some movement, 

and click the limit switch, the status of the limit switch in PLC will change. It 

will decide whether the electrical road is on or off. For example the status of 

the limit switch is off in the PLC, when limit switch is clicked (the gears touch 

the limit switches), the status of the limit switch will change into on.  
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Figure 4.22 The common limit switch [7] 

 

Besides, if the limit switch is released, it will recovery to the off status. 

Therefore, if the limit switch keeps on in PLC, it will be changed into off status, 

when it is clicked. It will recovery to on status, when it is released. Then, words 

below give more details about the work of ladder diagram. The picture upper 

(Figure 4.22) shows the common limit switch exists in the market now, and 

because of its cheap price and the stable factor, it is often used in the PLC 

control system. 
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Figure 4.23 The ladder diagram of controlling up and down 

As the ladder diagram (Figure 4.23) shows that SBup and SBdown is the 

bottom on the remote control. They control the guide rail’s motion of up and 

down movement. When the SBup is clicked, if the left gear is not engaged, LS4 

status will not change, then the induction coil M1 works. It will click the key 

M1 and let the induction coil KM1work. If induction coil KM1 works, it means 

the electrical motor II will work in the direction of clockwise. As the result, the 

coaxial gear does the left straight movement, until click the limit switch LS4 

which means the left normal gears are engaged. Then the status of LS4 is 

changed, it causes that the induction coil M1 stop working and the induction 
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coil KM3 works. The working of the induction coil KM3 means the electrical 

motor I does the motion of rotating in the clockwise direction. If the left 

engaged gears rotate in clockwise direction, it will make the guide do the up 

movement.  

Therefore, if the bottom SBdown is clicked, and the left gear is not 

engaged, LS4 status will not change, then the induction coil M1 works. It will 

click the key M1 and let the induction coil KM1work. If induction coil KM1 

works, it means the electrical motor II will work in the direction of clockwise. 

As the result, the coaxial gear does the left straight movement, until click the 

limit switch LS4 which means the left normal gears are engaged. Then the 

status of LS4 is changed, it causes that the induction coil M1 stop working and 

the induction coil KM4 works. The working of the induction coil KM4 means 

the electrical motor I does the motion of rotating in the counter clockwise 

direction. If the left engaged gears rotate in counter clockwise direction, it will 

make the guide do the down movement. 

That is all principle of the ladder diagram about the up and down 

movement of the guide rail. If the left gears have been engaged, it will skip the 

step of turning on the electrical motor II to do the straight movement and 

turning on the electrical motor I until the guide rail get the certain position 

which is the same position with the limit switch. 
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Figure 4.24 The ladder diagram of stretching guide rail out and inside

As the ladder diagram (Figure 4.24) shows that SBoutside and SBinside is 

the bottom on the remote control. They control the guide rail’s motion of 

outside and inside movement. When the SBoutside is clicked, if the right gear 

is not engaged, LS6 status will not change, then the induction coil M4 works. 

It will click the key M1 and let the induction coil KM2 work. If induction coil 

KM2 works, it means the electrical motor II will work in the direction of 

counter clockwise. As the result, the coaxial gear does the right straight 

movement, until click the limit switch LS6 which means the right bevel gears 

are engaged. Then the status of LS6 is changed, it causes that the induction coil 
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M4 stop working and the induction coil KM3 works. The working of the 

induction coil KM3 means the electrical motor I does the motion of rotating in 

the clockwise direction. If the right engaged gears rotate in clockwise direction, 

it will make the guide rail do the outside movement.  

Therefore, if the bottom SBinside is clicked, and the right gear is not 

engaged, LS6 status will not change, then the induction coil M4 works. It will 

click the key M4 and let the induction coil KM2 work. If induction coil KM2 

works, it means the electrical motor II will work in the direction of counter 

clockwise. As the result, the coaxial gear does the right straight movement, until 

click the limit switch LS6 which means the right bevel gears are engaged. Then 

the status of LS6 is changed, it causes that the induction coil M4 stop working 

and the induction coil KM4 works. The working of the induction coil KM4 

means the electrical motor I does the motion of rotating in the counter 

clockwise direction. If the right engaged gears rotate in counter clockwise 

direction, it will make the guide rail do the inside movement. 

That is all principle of the ladder diagram about the outside and inside 

movement of the guide rail. If the right gears have been engaged, it will skip 

the step of turning on the electrical motor II to do the straight movement and 

turning on the electrical motor I until the guide rail get the certain position 

which is the same position with the limit switch. 
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Figure 4.25 The ladder diagram of rotating guide rail outside and inside 

As the ladder diagram (Figure 4.25) shows that SBrotate out and SBrotate 

in is the bottom on the remote control. They control the guide rail’s motion of 

outside and inside movement. When the SBrotate out is clicked, if the middle 

gear is not engaged, LS5 status will not change, then the induction coil M7 

works. It will click the key M7. When the last step is engaged the left normal 

gear, the status of LS4 will let the induction coil KM2 work. If induction coil 

KM2 works, it means the electrical motor II will work in the direction of 

counter clockwise. As the result, the coaxial gear does the right straight 

movement, until click the limit switch LS5 which means the middle bevel gears 
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are engaged. When the last step is engaged the right bevel gear, the status of 

LS6 will let the induction coil KM1 work. If induction coil KM1 works, it 

means the electrical motor II will work in the direction of clockwise. As the 

result, the coaxial gear does the left straight movement, until click the limit 

switch LS5 which means the middle bevel gears are engaged. Then the status 

of LS5 is changed, it causes that the induction coil M7 stop working and the 

induction coil KM3 works. The working of the induction coil KM3 means the 

electrical motor I does the motion of rotating in the clockwise direction. If the 

middle engaged gears rotate in clockwise direction, it will make the guide rail 

rotate outside.  

Therefore, if the bottom SBrotate in is clicked, and the right gear is not 

engaged, LS5 status will not change, then the induction coil M7 works. It will 

click the key M7. When the last step is engaged the left normal gear, the status 

of LS4 will let the induction coil KM2 work. If induction coil KM2 works, it 

means the electrical motor II will work in the direction of counter clockwise. 

As the result, the coaxial gear does the right straight movement, until click the 

limit switch LS5 which means the middle bevel gears are engaged. When the 

last step is engaged the right bevel gear, the status of LS6 will let the induction 

coil KM1 work. If induction coil KM1 works, it means the electrical motor II 

will work in the direction of clockwise. As the result, the coaxial gear does the 

left straight movement, until click the limit switch LS5 which means the middle 

bevel gears are engaged. Then the status of LS5 is changed, it causes that the 

induction coil M7 stop working and the induction coil KM4 works. The 

working of the induction coil KM4 means the electrical motor I does the motion 

of rotating in the counter clockwise direction. If the middle engaged gears rotate 

in counter clockwise direction, it will make the guide rail rotate inside. 
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4.7 The choice of the programmable logic controller 
When the choice of the PLC is processing, one of the points needs to be 

considered that the requirement of I/O. From the process diagram, the amount 

of digital and analogue inputs & outputs which is required can be quantified. 

The digital outputs could be either a relay or a transistor output, however solid 

state switching is more reliable. Therefore using a transistor output to control a 

suitable solid state relay will be more cost effective in the long term due to 

reduced failures and maintenance. Due to the ladder diagram, the amount of the 

I/O points is among 18, so the PLC which provides the familiar amount of I/O 

points. Through the study of the PLC, it is found there is the standard of the 

amount of the PLC, so the PLC with the 24 I/O points is chose. Because the 

program is based on the language of the MISUBISHI PLC, finally the FX3U-

48MT is chose, which is one type of MITSUBISHI PLC. 

 

 

Figure 4.26 The MISUBISHI PLC/ FX3U-48MT [8] 
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4.8 The choice of the electrical motor 
Due to the gear train is not added in the train of reducing the speed, it is 

necessary to choose a stepper motor within the function of reducing speed. 

Because the gear train does not need to output the high rotational speed, but the 

high torque, the help of the reducing drive is needed, which is one type of 

transmission. 

 

Figure 4.27 The force analysis of gear 

Because the gear system need to put up the maximum force among 1000 N, 

each racks requires 250 N (4 racks in the gear train). As the result the electrical 

motor I, which provides the power of putting the whole wheelchair up, need to 

output 250 N force at least (Figure 4.27). It is found that, 

 

Therefore, one of the requirements which needs to consider about is that 

the electrical motor which will be chose need to provide the 7.5 Nm at least. 
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Figure 4.28 The stepper motor [9] 

Studying the data of the electrical motors (Figure 4.28) existed in the 

market, it is found that the electrical motor which is the product of a Chinese 

Company satisfies the requirements. In the further, it can be cooperated with 

the reducing drive. The reason why cooperating with the reducing drive is 

important is that the electrical stepper motor existed in the market can not 

satisfied the requirements of the whole guide rail. It is not like the motor of car 

so that the high rotating speed from the motor is not needed, but the high torque. 

Therefore, the use of the reducing drive becomes a good way to improve the 

function of the electrical stepper motor. 

 

Figure 4.29 The specifications of the stepper motor [9] 

From the same Chinese Company, it has already provided the plan of the 

cooperating use between the electrical stepper motor and the reducing drive. As 

the result, choosing the suitable combination of the electrical stepper motor and 

the reducing drive is needed (Figure 4.29). As the data showing below (Figure 
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4.30), the most important data of the reducing drive is the maximum torque that 

it will make the electrical stepper motor to improve. Through the choice of the 

reducing drive, the maximum torque it provides is 15 Nm, and it is larger than 

the required torque which is calculated in the thesis. 

 

Figure 4.30 The specifications of the reducer [9] 

Besides, the power it providing is one of the key factors, the size of the 

whole electrical stepper motor (Figure 4.31) and the reducing drive is also one 

field which needs to be considered. Therefore the data of the size of the 

electrical motor and the reducing drive is checked, and establish the model of 

them, they satisfied the suitable size which is required. Due to the figure 

showed below, it is a reasonable size. 

 

Figure 4.31 The size of the reducer [9] 
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Since the data which checked on the official website of the 57HK stepper 

motor, it is found that the rotation speed of the stepper motor is 120 cycles per 

minutes. At the same time, the speed ratio of the reducer drive is 5/10 which 

showed (Figure 4.30). Then the equation of the rotation speed which provides 

by the cooperation between the stepper motor and the reducing drive is like 

below. 

 

After calculating the final motor speed, the different ratio of the amount 

of each gear tooth, it can be found that the ratio of the amount of the left normal 

gears’ tooth (Figure 4.17) is 30/60 (the engaged between the gear with 30 teeth 

and the gear with 60 teeth). Besides, the relationship between the rack and the 

gear is 0.1 m/cycle, so that the equation of the up speed of the guide rail can be 

found. 

 

Therefore, the speed of the guide rail getting up is 5 cm/s, then with the 

same way of calculating the speed of the rotation of the guide rail. The ratio of 

the amount of the middle bevel gears’ tooth (Figure 4.15) is 10/50 (the engaged 

between the gear with 10 teeth and the gear with 50 teeth), so the equation of 

the rotation speed of the guide rail can be found. 

  



57 

 

 

The speed of the guide rail getting rotated is 0.2 cycle/s, then with the same 

way of calculating the speed of the stretching out the guide rail. The ratio of the 

amount of the right bevel gears’ tooth (Figure 4.16) is 30/30 (the engaged 

between the gear with 30 teeth and the gear with 30 teeth). Besides, the 

relationship between the rack and the gear is 0.05 m/cycle, so that the equation 

of the rotation speed of the guide rail can be found. 

 

After the calculation, it is found that the speed of stretching out or inside 

the guide rail is 5 cm/s, and it is reasonable speed for the wheelchair users to 

accept. At the same time, this speed also can ensure the safety of the user. 
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4.9 The size of handy wheelchair system 
The first reason why the Volvo Xc60 and V60 are chose to be the 

experimental objects is that Volvo is a popular car brand in the Swedish market 

and as the result it means there is a larger number of Volvo users in Sweden. 

Then it will attract a large number of potential users as well. The second reason 

is that Volvo Xc60 or V60 is a kind of room-wide car, and it will bring larger 

room to make a design of the equipment installed in the car. At the same time, 

it also provides the users with more space for using. Therefore the official data 

about the size of Volvo Xc60 and V60 needs to be searched to set as the basic 

resource. 

According to the size of Volvo Xc60 and V60 (Figure 4.32), the suitable 

scale for our wheelchair is decided. 

 

Figure 4.32 Size of Volvo Xc60 [10] 
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Through the size of the Volvo Xc60 which is found from the official data, 

it is found that the length of the door is 1130 mm. At the same time, the size of 

the chair of the wheelchair is 850 mm (the height of the chair is familiar with 

the height of 1.9 m people’s half body’s length) and the height of gear system 

box is 220 mm. Therefore, the sum of both chair and box’s height is 1070 mm. 

Compared with the data of Xc60’s height, and it is lower than the door. It shows 

that the size of the handy wheelchair is suitable for the cars, the size of which 

is familiar with Xc60 or V60, or larger than Xc60 or V60. It also shows that the 

handy wheelchair is suitable for various height users, even 190 mm. 

Because of right size, when the chair of wheelchair being sent into the car 

by guide rail, the door of the car will not be the obstacle to prevent from hitting 

passenger’s body. When the customers want to use this product, the usual seat 

of Volvo car will be uninstalled, and the gear system will be welded at the 

basement of the car. 
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4.10The material of handy wheelchair system 
The choice of the material of wheelchair is an important point which 

needs serious attention to be paid on. It will put an effect on whether the device 

will pass the test of strength calculation, even the fatigue test. Therefore, There 

are three requirements that: 

First of all, not only the material of wheelchair, but also the gear system’s 

is strong enough to be stable for carrying the wheelchair or a supporting device. 

Because, the safety is the most important thing, so that there is large percent of 

metal will be used, especially the force-suffering part. 

Secondly, heavy weight will cause more trouble to wheelchair users, so 

it is necessary to reduce the mass of the whole wheelchair, and at the same time, 

it is also needed to ensure that the wheelchair and gear system is strong enough.  

 

Figure 4.33 The product of aluminium 6061 [11] 

  



61 

 

Finally, if it is turned into the reality, the price of the material is also a 

field which needs to be thought about. For example, some composite material 

will meet the first two requirements perfectly, but it may cost much more. And 

this unnecessary expense will add in the sum cost of the product, the product 

will finally be a product with unreasonable price. Therefore, when the material 

is satisfied with first two requirements, the lower cost, the better. 

Aluminum 6061 is the final material which is chosen for the main 

material of the wheelchair. And its features is found that aluminum 6061 has 

an ultimate tensile strength of at least 42,000 psi (300 MPa) and yield strength 

of at least 35,000 psi (241 MPa). More typical values are 45,000 psi (310 MPa) 

and 40,000 psi (275 MPa), respectively [12]. It is satisfied with the strength 

requirement which is predicted before the accurate calculation. Finally, the 

accurate data of aluminum 6061 needs to be checked. Besides, the FEM and 

hand calculation will be used to verify whether the aluminum 6061 can make 

the whole wheelchair system strong enough for daily use. 
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5 Chapter:  
Stress Analysis  

5.1 Structure Strength Calculation 
5.1.1 Guide Rail Structure 

The Inventor 2015 is used to do the simulation that force 1000 N (as the 

weight of one male adult) on the chair of the wheelchair to calculate the strain 

in the guide rail. This strength calculation is to confirm when guide rail sending 

the person into the car, it will be strong enough to support the whole force. 

Through the calculation, it is found that the maximum Von Mises stress on the 

both-side guide rail is 173 MPa (Figure 5.1). Then the material which is chose 

(aluminium 6061) will be checked whether can support maximum stress.  

 

Figure 5.1 Von Mises stress in the guide rail 
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Before checking the aluminium 6061’s yield stress, theoretical calculation 

is used to verify the maximum Von Mises stress that guide rail forced. Because 

guide rail is I-beam, then the calculation is got [13]: 

 

Figure 5.2 Beam calculation 
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Due to two guide rails, the result should be half, which is 173 MPa. It is 

found that the conclusion is similar with the computer simulation, so it is 

ensured that actual stress will not be largely different. And the list of material 

stress is checked, find that the yield stress of aluminium is 245 MPa [12]. So 

the safety factor of the guide rail can be got. 

 

 

 

 

And it satisfies the requirement of the guide rail’s safety. 

 

 

 

 

 



65 

 

 

Figure 5.3 Reduced Haigh diagram I 

(When no use) 

 

 

 

It is found that the Point P is inside the area of unlimited life (Figure 5.3) 

and it is ensured that under certain moment, it will fail due to fatigue. 
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5.1.2 Gear System Support Structure 

At the same time, the cyclic force on the wheelchair will cause a bending 

moment on the shaft (Figure 5.4) and there will be fatigue failure. If it needs to 

be ensured that the shaft is safe enough to be used, it is necessary to calculate 

the largest allowable moment. Through the simulation, it is found that the Von 

Mises stress on the shaft is 3.7 MPa. 

 

Figure 5.4 Shaft stress 
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Then the theoretical calculation is used to verify the result and do 

some further analysis. Through checking the data of aluminium 6061, it is 

found that the failure stress is 96.5 MPa [12]. In wheelchair’s design, the 

diameter of the wheelchair is 250 mm. And check the Tool book to decide each 

factor value, then the result is obtained [14]:  

 

 

Figure 5.5 Shaft moment 
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The safety factor is 7.7, and then the Reduced Haigh diagram (Figure 5.6) 

was checked to ensure that whether the maximum point is included in 

unlimited life area.  
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Figure 5.6 Reduced Haigh diagram II 

       

 

(When no use) 

 

 

 

 

It is found that the Point P is inside the area of unlimited life and it can be 

ensured that under prescribed moment, it will not fail due to fatigue. 
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5.1.3 Gear System Weld Area 

The hydraulic system installed in the car with fillet weld, and it is 

necessary to calculate whether weld is strong enough to prevent from being 

failure. Through simulation, it is found that the weld area suffer 33 MPa Von 

Mises stress (Figure 5.7). 

 

Figure 5.7 Weld stress 

 

Then the further theoretical calculation is used to ensure its strength, firstly, 

the theoretical moment is calculated to verify the simulation result. Obtain that 

weld’s throat dimension A is 4 mm, and shaft’s length is 220 mm. 
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Figure 5.8 Weld stress 

 

It is found that the maximum moment is 1 kNm, and the weld stress with 

the formula checked in tool book [15]. Then the calculation is found, 
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The ultimate tensile stress of aluminium 6061 is 260 MPa, and allowable 

stress , then each safety factor is got. 
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5.1.4 Gear train 

In the inventor 2015, the area of the tooth and the parameters of the  

material from the handbook is got. Due to the input  and u, which is got from 

the previous calculation. Then  can be calculated.  

 

Then the FEM is simulated in Inventor 2015, according to the pressure, 

and the parameters of the material Aluminum 6061, especially considering the 

explicit case. The maximum value of the Von Mises stress is got, which is 24.81 

MPa. Comparing with the material yield stress, which is 400 MPa. So you can 

see the stress is much small than the yield stress. It is strong enough, see (Figure 

5.9) and (Figure 5.10), which shows you that how does the change of the stress 

with the time goes. 
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Figure 5.9 Gear stress I 

 

Figure 5.10 Gear stress II 



75 

 

6 Chapter:  
Application of Lean Project 
Management 

6.1 Overview 
6.1.1 What is the lean project management 

Lean project management is the comprehensive adoption of other lean 

concepts like lean construction, lean manufacturing and lean thinking into a 

project management context. Lean project management has many ideas in 

common with other lean concepts; however, the main principle of lean project 

management is delivering more value with less waste in a project context. Lean 

project management has many techniques that can be applied to projects and 

one of main methods is standardization [16]. 

 

Figure 6.1 Lean project process overview [17] 
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6.1.2 Lean design 

Lean Design and Construction is a production management-based 

approach to project delivery -- a new way to design and build capital facilities. 

Lean production management has caused a revolution in manufacturing design, 

supply and assembly. Applied to project design and delivery, Lean changes the 

way work is done throughout the delivery process. Lean Construction extends 

from the objectives of a lean production system - maximize value and minimize 

waste - to specific techniques, and applies them in a new project delivery 

process [18]. 

 

Figure 6.2 Design thinking & process [19] 
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6.2 Evaluation 
6.2.1 Evalution in rear wheel 

After a survey of the product that exists in the market now, it is found that 

the wheel with familiar function of the rear wheel which is introduced in this 

thesis, which is known as Morph Wheel. Additional information about this 

wheel was obtained. 

 

Figure 6.3 The foldable Morph Wheel [20] 

The wheel (Figure 6.3) is the product of the Morph Wheel Company, and 

it is the familiar foldable wheel. Therefore, before the wheel (Figure 4.6) being 

turned into the reality, the morph wheel is made as one way to instead of. And 

the price of the Morph Wheel which is found in the official website, one pair 

of them is USD 950. 
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If the design of rear wheel is accepted, since it is made of the aluminum 

6061, due its mass, and the price of aluminum 6061 per 1 kg in the market. 

Besides, the certain cost of the manufacturing of the wheel can be added in, 

then the material cost for the rear wheels (Figure 4.6) can be evaluated. 

 

Figure 6.4 The price of the aluminum 6061 in USA market [21] 

Figure 6.5 The mass of the rear wheel 

According to the data showed upper (Figure 6.5), each rear wheel weighs 

1.3 kg, so the minimum price of each rear wheel is  

 

Therefore, it can be assumed that the price of each rear wheel is not 

larger than 200 USD even adding in the cost of manufacturing and additional 

components on the wheel. 
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6.2.2 Cost evalution of the whole wheelchair 

As the same way to calculate the cost of the whole wheelchair, the data of 

the whole wheelchair is checked, as the picture below (Figure 6.6), 

Figure 6.6 The mass of the whole wheelchair 

According to the data showed upper (Figure 6.6), the whole wheelchair 

weighs 5.168 kg, so the minimum price of the whole wheelchair is 

 

In the equation, the material of the chair of the wheelchair is also 

calculated as the aluminium 6061, therefore the cost of the whole wheelchair 

must be less than the cost of the real manufacturing. As the result, through the 

further study of the price of the aluminium normal wheelchair in the market, it 

is found that the average price of the wheelchair is among the 70 USD. Through 

the custom in Sweden encourages the people with disability to borrow the 

wheelchairs from the certain company pointed by government with little cost, 

even the foreign travellers also can use this welfare. Then the price of the 

wheelchair in USA market is checked and conclusion was made on the price of 

the normal wheelchair. 
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Figure 6.7 The price of the normal aluminium wheelchair in USA [22] 

As our wheelchair is familiar with the normal one in structure, except the 

structure of the front wheels and the rear wheels, it predicts that the price of our 

wheelchair without the rear wheels is about 100 USD. And if the wheelchair 

equipped with the Morph Wheels, it will cost 1000 USD in all. Otherwise, it 

may only cost 500 USD, when the rear wheels (Figure 4.6) which is introduced 

in this thesis is turned into the reality. 
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7 Chapter:  
Lesson learned 

In this thesis, various kinds of knowledge are used to make the product 

have more functions so that it can meet people’s demand.  

First of all, the brainstorm that we have done has helped us to decide which 

topic of the thesis we work on. Then, at the beginning and the middle time of 

the thesis, the Inventor 2015 that we have learned help us to model the sample 

of each idea and the final product model. The sample model make us learn more 

advantages and disadvantages about the design, and also make the readers 

understand how our wheelchair works. Third, the PLC programming we 

learned in the home SSPU solves the electrical control of all the product. The 

study of the reference about the wheelchair structure also provides a great 

knowledge [23]. 

Besides, we also use the lean product management that we learnt in the 

previous course, the course help us to control the cost of every component so 

that it can reduce the waste and improve the efficiency. 

Through the course that the technical communication, we have learned the 

use of searching for the reference through the database, and the use of the 

mechanical language. At the same time, the course also teaches us the 

requirements of the thesis, it makes us write the final thesis more professionally 

and efficiently. 
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8 Chapter:  
Conclusion and future work 

In this thesis, the new idea of sending the people with disability is verified 

that it is possible to turn it into the reality. The thesis provides an entire model 

of the foldable wheelchair and uses the FEM to do the calculation about its 

strength. Besides, the thesis also provides the sample of the gear system which 

is installed in the car and introduce the operating steps about how it works. 

Among them, the electrical control is also added as one part of the whole 

wheelchair system [24]. 

Due to the limited time, some limitations can still be found in the design.  

Firstly, only safety of part of the wheelchair has been verified, no 

optimization has been done. In the future, the wheelchair can be optimized to 

be smaller, lighter and cheaper. And more strength calculation of the 

wheelchair can be performed, for example, when the car has an accident, the 

weld area of the gear system whether is strong enough to withstand the shock 

from the crash. 

Secondly, the way of folding the wheelchair to gain more space is not the 

most suitable, and it is many more different ideas about how to reduce the 

occupation of the wheelchair. For example, after finishing this thesis, one 

suggestion from the reviewer was to design a wheelchair with the rear wheels 

which can move up and down through the guide rail on the wheelchair. It may 

be easier for the people with disability to operate. More ways about folding the 

wheelchair will be thought about in the future [25]. 

Last but not least, the electrical control and the size of the wheelchair still 

has a large space to improve. Among them, in the thesis, the control of the 
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wheelchair sets as the remote control, but due to the limitation of time and 

knowledge, the detail about the device that can turn this function into the reality 

is not provided. As a result, it is a thing which provides an idea about there is a 

device existed can help to control the PLC from the wireless way. Then the size 

of the wheelchair is not suitable for the large number of car models, in the future 

work, this disadvantage can be addressed. 
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Appendix 1: 

Handle of Wheelchair 

 

 

Appendix 1 

  



88 

 

Appendix 2: 

Assembly of rear wheel 
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Appendix 3: 

Circle part of rear wheel 
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90 

 

Appendix 4: 

Supporting part of rear wheel 
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Appendix 5: 

Guide rail of the pink handle 
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Appendix 6: 

Assembly of the front wheel strcuture 
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Appendix 7: 

Guide rail part I 
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Appendix 8: 

Guide rail part II 
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Appendix 9: 

Guide rail part III 
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Appendix 10: 

Front wheel 
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Appendix 11: 

Assembly of the wheelchair 
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