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Abstract 

 

Transportation is an extremely difficult issue for physically disabled people. Existing transportation facilities available to 

physically disabled persons are not sufficient. In order to have barrier free transportation system, it is required to have a system 

which serves physically disabled people too. The motive of the project is to provide a solution to the boarding constraints of 

physically disabled while utilizing the public transportation facilities. This mechanism facilitates the transportation of people with 

disabilities. The wheelchair lift platform extends out with the help of a motor. The platform descends down to ground level enabling 

person to board in and with pneumatic action the wheel chair is lifted to level of bus platform. Through reverse action the platform 

is made to occupy the initial stage and with help of motor the entire platform is drawn back to casing. The pneumatic system offers 

a stable lift but with low load carrying capacity.  
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

One significant, and sometimes overlooked, population sector is that of mobility-impaired passengers. A mobility aid is a device 

designed to assist walking or otherwise improve the mobility of people with mobility impairment. Engineering sciences have come 

up with numerous aids for the patients. Out of these, mechanical aids for physically impaired, especially for immobile patients are 

a major class. Assistive technology for the mobility of impaired includes the wheelchair, and other devices, all of which have been 

around for centuries. There has been no device that provide differently abled people to travel efficiently. The shifting of patients 

from a wheelchair to a vehicle is a delicate process and in most of the instances, two or more caregivers are required. Paralysis 

patients are highly dependent on their caregivers so we have designed and fabricated the automatic wheelchair lift for bus. 

People with disabilities have consistently described how transportation barriers affect their lives in important ways. It is a 

common sight to see the differently abled getting into buses using their hands and feet. A flight of stairs is a problem to a physically 

impaired passenger. This innovation easily allows the differently abled people to get in to buses and also this innovation provides 

access to mobility aid users. The number of physically challenged people using the public transport is increasing day to day. The 

principle of equal treatment is particularly relevant to the public transport sector as it has the ability to enable people to gain access 

to all that society has to offer. So, this system easily improves the access of people in using the public transport. 

Types of wheelchair lifts are: 

 Lift or wheelchair lift: A lift is a level-change device used to assist transit and  paratransit users with limited mobility. 

 Active lift: An active lift is one that when stowed may interfere with the use of the vehicle entrance at which the lift is located; 

when raised and lowered, it  operates primarily outside the vehicle. It is also called a platform lift. 

 Passive lift: A passive lift is one that when stowed allows the unlimited use of the  vehicle door in which the lift is located. 

It is also called a step lift. 

Although several types of these devices are currently available, most are extremely complex with many moving parts. Some are 

prone to jamming, environment-induced degradation and, in some cases, have been known to fail completely. Earlier studies on 

the reliability of wheelchair lifts on transportation buses indicated that reliability is improved with better maintenance and repair 

facilities. This fact was observed even in lift models that were clearly identified with inferior design and strength characteristics. 

Existing wheelchair lifts comprise several moving parts, many of which are difficult to inspect physically. They are prone to salt 

splash and rainwater collection, seriously impacting their useful life. In general, they demand more maintenance than the bus itself. 

Including operating expenses, the existing lifts far exceed a reasonable percent of the unit cost of a new small bus. The existing 

lifts seem too large and are limited to few vehicles. The project discussed here satisfies the needs and can be implemented in every 

vehicle removing barriers between differently abled person and normal healthy person. Through this project the specially abled 

ones stand upto the world and they are given opportunity to explore and sort things in their own way.  

The objective of this project is to design and develop a wheelchair-lift prototype that is capable of lifting and lowering 

wheelchair-using passengers onto and off a bus comfortably. The project’s aim is to create a mechanism that will facilitate the 

transportation of people with disabilities. This will encourage the integration of disabled people in the community. 
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II. LITERATURE REVIEW 

H. Mehmet Uras and Haluk M. Aktan (1995) developed a paper describing the concept, design, and prototype fabrication of an 

innovative four-bar mechanism-based wheelchair-lift system, which can allow a wheelchair-, scooter-, or walker-bound passenger 

to be lifted from ground level to the bus floor level and back again. The lift is designed to accommodate a passenger service load 

of 3,300 N (750 Ibf). It consists of two four-bar mechanisms, a platform, and two hydraulic actuators to raise. lower, fold. and 

unfold the platform. The use of restraining pins enables the lift platform to pivot normal to the ground for stowage. When stowed 

away, it folds into a very compact space. Under full load conditions, the angular deflection of the lift platform is 0.8°, as opposed 

to nearly 3° in existing lifts. The lift provides a very smooth ride to the passenger, without any uncomfortable jerking or vibrations. 

The device represents a sound alternative to existing lifts. [1] 

Khasnabis. S and Aktan. H. (1991) did a preliminary investigation of design, operation and maintenance of wheel chair lifts. 

The objective of this project is to both assess the nature of the problems pertaining to any one or more of the combinations of 

design, manufacturing, operation, and maintenance of wheelchair lifts, and to propose upgrade needs or operational changes to 

alleviate the service problems. This report covers the first phase of work which involved an operator survey, compilation of 

technical information on wheelchair lifts, a survey of lift manufacturers, engineering analysis of structural and mechanical 

components, and analysis of repair data. [2] 

Snehamay Khasnabis, Haluk M Aktan, Amarnath Kambhatla and Quin Li did a research work to analyze the sources of 

wheelchair lift failures in transit buses. The other objectives in connection with the research are to determine if there is a statistical 

pattern in the frequency and distribution of repair needs of wheelchair lifts; to develop a reliability model for predicting repair 

needs, assuming the existence of a pattern; and to determine if there are significant differences among the distributions of repair 

needs of different types of lifts. It was concluded that on the basis of the consistency in the values of the model parameters, it is 

possible to predict repair needs of wheelchair lifts as a function of the distribution of miles between repair and time between repair. 

[3] 

III. DESIGN, MATERIALS AND WORKING METHODOLOGY 

 Design Procedure 

The physical realizability and economic worth of the device were studied. Design parameters, specifications, and major design 

criteria were formulated. Ten potentially useful conceptual solutions were generated. All potentially useful solutions were 

thoroughly examined at the beginning of the preliminary design phase. Synthesis and comparative analysis led to the "best 

promising approach," which was modelled. After building sufficient confidence this approach was finalized. All components and 

systems were fully specified. Operating procedures were generated. A complete set of assembly and detail drawings were prepared. 

A cost analysis was conducted. Then, the prototype was fabricated and tested. 

 Design Specifications and Criteria  

The objective of this project is to design and develop a wheelchair-lift prototype that is capable showing the raising and lowering 

mechanism of the wheelchair lift onto and off a bus safely and comfortably. 

To fullfill this objective, the following design specifications and considerations arc established and met. 

 Lift dimensions must not be greater than the bus-door opening and the lift must fit in any small- and medium-size bus that is 

less than 6.7 m (22 ft) long. 

 Operation by the bus driver from the driver's seat unless emergency conditions or failure situations arise. 

 The lift taking off from the ground should have minimum transient vibrations to provide an acceptable comfort level for 

passengers. 

 The minimum rise height to be used in design considerations is 1.0 m (40 in.). 

 The vertical speed of the lift should be in the neighborhood of 9 mm/s (3.5 in/sec). 

 The lift should accommodate any kind of road shoulder terrain within reason. 

 The lift must have an emergency stop system operated by the bus driver. 

 The platform must have a safety mechanism to prevent the occupant from falling in case the load-carrying component fails. 

 The lift platform must be equipped with barriers to prevent wheelchair or mobility aid from rolling off the platform during its 

operation. 

 The platform must have side skirts on both sides. 

 The design should minimize the lost seating space being used for the lift. 

 Production should be simple. 

 Final Design of the Prototype 

Several key concepts were synthesized from design alternatives that were not selected. The most important is the concept of using 

the same pneumatic cylinder to lift and lower the platform. 
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Fig. 1: CATIA model of the product 

 
Fig. 2: Two-Dimensional drawing of the final prototype along with components 

 
Fig. 3: Two-Dimensional drawing of the prototype with dimensions 
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 Components Description 

The major components involved in the design and the fabrication are 

 Frame 

The frame is the main part of the lifter with several joints. This is the only structure that is going to support the total weight acting. 

This is made of mild steel material. The whole parts are mounted on this frame structure with the suitable arrangement. Provisions 

are made to cover the bearings with grease. 

 
Fig. 4: CATIA model of frame 

 

 Pneumatic Cylinder 

Mechanization is broadly defined as the replacement of manual effort by mechanical power.  Pneumatics is an attractive medium 

for low cost mechanization particularly for sequential or repetitive operations.  Many factories and plants already have a 

compressed air system, which is capable of providing both the power or energy requirements and the control system (although 

equally pneumatic control systems may be economic and can be advantageously applied to other forms of power). 

The main advantages of an all-pneumatic system are usually economy and simplicity, the latter reducing maintenance to a low 

level.  It can also have outstanding advantages in terms of safety.  

Specifications of the pneumatic cylinder used are listed below: 

 Size     : 45mm diameter. 

 Material   : Aluminium/MS 

 Stroke length : 100mm 

 Pressure   : 10 bar maximum 

 Solenoid Valve 

The directional valve is one of the important parts of a pneumatic system. Commonly known as DCV, this valve is used to control 

the direction of air flow in the pneumatic system. This valve was selected for speedy operation and to reduce the manual effort and 

also for the modification of the machine into automatic machine by means of using a solenoid valve. A solenoid is an electrical 

device that converts electrical energy into straight line motion and force. These are also used to for mechanical operation which in 

turn operates the valve mechanism.  Solenoids may be push type or pull type.  The push type solenoid is one in which the plunger 

is pushed when the solenoid is energized electrically.  

 
Fig. 5: Solenoid valve 

The solenoid valve has 5 openings.  This ensure easy exhausting of 5/2 valve.  The spool of the 5/2 valve slide inside the main 

bore according to spool position; the ports get connected and disconnected.  The working principle is as follows. 
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a) Position-1 

When the spool is actuated towards outer direction port ‘P’ gets connected to ‘B’ and ‘S’ remains closed while ‘A’ gets connected 

to ‘R’. 

b) Poisition-2 

When the spool is pushed in the inner direction port ‘P’ and ‘A’ gets connected to each other and ‘B’ to ‘S’ while port ‘R’ remains 

closed. 

 DC Motor 

An electric motor is a machine which converts electrical energy to mechanical energy. Its action is based on the principle that when 

a current-carrying conductor is placed in a magnetic field, it experiences a magnetic force whose direction is given by Fleming’s 

left-hand rule. A direct current (DC) motor is a fairly simple electric motor that uses electricity and a magnetic field to produce 

torque, which causes it to turn. At its most simple, it requires two magnets of opposite polarity and an electric coil, which acts as 

an electromagnet. The repellent and attractive electromagnetic forces of the magnets provide the torque that causes the motor to 

turn.  

Specifications of the DC motor used are listed below: 

 Volts    : 12V 

 Watts    : 90W 

 RPM    :60rpm 

 Battery 

In isolated systems away from the grid, batteries are used for storage of excess solar energy converted into electrical energy. The 

only exceptions are isolated sunshine load such as irrigation pumps or drinking water supplies for storage.  In fact, for small units 

with output less than one kilowatt. Batteries seem to be the only technically and economically available storage means.  It is 

necessary that the overall system be optimized with respect to available energy and local demand pattern.  

Specifications of the battery used are listed below: 

 Material     : Lead-Acid Free maintenance Battery 

 Output Voltage      :12 V D.C 

 Output Power   :40 Ampere-Hour 

 Rack And Pinion 

 
Fig. 6: Rack and pinion 

A rack and pinion is a type of linear actuator that comprises a pair of gears which convert rotational motion into linear motion. A 

circular gear called "the pinion" engages teeth on a linear "gear" bar called "the rack"; rotational motion applied to the pinion 

causes the rack to move relative to the pinion, thereby translating the rotational motion of the pinion into linear motion. 

For example, in a rack railway, the rotation of a pinion mounted on a locomotive or a railcar engages a rack between the rails 

and forces a train up a steep slope. For every pair of conjugate involute profile, there is a basic rack. This basic rack is the profile 

of the conjugate gear of infinite pitch radius. (i.e. a toothed straight edge.) 

 A generating rack is a rack outline used to indicate tooth details and dimensions for the design of a generating tool, such as a 

hob or a gear shaper cutter. Rack and pinion combinations are often used as part of a simple linear actuator, where the rotation of 

a shaft powered by hand or by a motor is converted to linear motion. The rack carries the full load of the actuator directly and so 

the driving pinion is usually small, so that the gear ratio reduces the torque required. This force, thus torque, may still be substantial 

and so it is common for there to be a reduction gear immediately before this by either a gear or worm gear reduction. Rack gears 

have a higher ratio, thus require a greater driving torque, than screw actuators.  

Specifications of the rack and pinion used are listed below 

a) Rack: 

 Material   : Mild Steel 

 Pitch    : 3mm 

 Size     : 1ft length- (15mm X 18mm) Thickness 
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b) Pinion: 

 Diameter   : 25-35mm 

 Material   : CI/MS 

 Bearing 

The bearings are pressed smoothly to fit into the shafts because if hammered the bearing may develop cracks. Bearing is made up 

of steel material and bearing cap is mild steel. 

Roller Bearings are a type of rolling-element bearing that uses cylinders (rollers) to maintain the separation between the moving 

parts of the bearing (as opposed to using balls as the rolling element). The purpose of a roller bearing is to reduce rotational friction 

and support radial and axial loads. Compared to ball bearings, roller bearings can support heavy radial loads and limited axial loads 

(parallel to the shaft). They can operate at moderate to high speeds (although maximum speeds are typically below the highest 

speeds of ball bearings). The lubrication method must carefully consider during the design phase when using roller bearings.  

Specifications of the bearing used are listed below: 

 Size     : 20 X 45 X 12mm 

 Material   : Steel 

 Reason for Choosing Mild Steel in Making Frame 

Comparison between properties of mild steel and aluminum 

 Density – The density of mild steel varies based on the alloying constituents but usually ranges between 7.75 and 8.05 tons/m3.  

Lightness is the outstanding and best-known characteristics of aluminium. It has a density of 2.70 tons/cum which is around 

one third that of steel. The low density of aluminium accounts for it being lightweight but this does not affect its strength. [4] 

 Strength – Pure aluminum does not have a high yield strength and tensile strength. However, the addition of alloying elements 

like manganese, silicon, copper and magnesium can increase the strength properties of aluminum and produce an alloy with 

properties tailored to particular applications. The yield strengths and tensile strengths of aluminum and its alloys vary from 

30-500 N/mm2 and 79 -570 N/mm2 respectively. The yield strengths and tensile strengths of steel are higher than aluminum 

and are in the range of 250-1000 N/mm2 and 400-1250 N/mm2 respectively. The yield strength and tensile strength of steels 

are also dependent on its composition as well as on the heat treatment of the steel. [4] 

 Corrosion resistance – Aluminum has a higher resistance to corrosion than many other metals owing to the protection conferred 

by the thin but tenacious film of oxide. This oxide layer is always present on the surface of aluminum in oxygen atmospheres. 

Aluminum is, however, a very reactive chemical element and its successful resistance to corrosion depends on the 

completeness with which the protective film of aluminum oxide prevents this underlying activity coming into play. Steel 

corrodes in many media including most outdoor environments. When unalloyed or alloyed steel without corrosion protection 

is exposed to the atmosphere, the surface takes a reddish-brown colour after a short time. This reddish-brown colour indicates 

rust is forming and the steel is corroding. While corroding the steel is getting oxidized to produce rust, which occupies 

approximately 6 times the volume of the original material consumed in the process. The corrosion process begins when a 

corrosive medium act on the steel. The corrosion can be either chemical corrosion or electrochemical corrosion. Chromium is 

normally added to steel for increasing oxidation resistance. Corrosion resistance of chromium steels increases sharply at a 

chromium level of greater than 12 %. Chromium forms a very coherent oxide layer on the steel surface that prevents further 

oxidation and thus provides resistance to corrosion in the steels. Mild steels with around 0.25 % copper have improved 

atmospheric corrosion resistance. This improvement is especially notable in industrial atmospheres where corrosion rates of 

copper bearing steels may be two to four times less than for comparable carbon steels. Copper also forms a very coherent 

oxide layer on the steel surface that prevents further oxidation and thus provides resistance to corrosion in the steels. 

 Fatigue – In a steel structure, fatigue is normally not considered for general structure (fatigue is not usually the limiting 

criteria). Aluminum however, is subject to fatigue failure (referred to as its endurance limit) more readily than mild steel. In 

case of alloyed aluminum, endurance limit considered more carefully wherever there will be vibration, and high stress points. 

[4] 

The comparison of the properties of mild steel and aluminum helped us to reach a conclusion that even though both mild steel 

and aluminum have its own advantages it is mild steel which satisfies the major requirements in making of the frame and hence 

we choose mild steel for making the frame. Mild steel is the most widely used steel which is not brittle and cheap in price. Mild 

steel is not readily tempered or hardened but possesses enough strength. 

IV. CALCULATIONS 

The maximum pressure that can be delivered by the pneumatic cylinder is 10 bar. For safety let the pressure be 8 bar.  

The pressure is given by, 

P = F/A                                                                           [5] 

Where, F = Force produced by the piston of the pneumatic cylinder, N 

A = Effective area of the cylinder, m2 

= (π/4) *{(D1)2 – (D2)2} 

Where, D1= Inner diameter of the cylinder, m 
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= 45*10-3 m 

D2= Diameter of the piston, m 

= 25*10-3 m 

Therefore, 

Effective area of the cylinder, A= (π/4) *{(D1)2 – (D2)2} 

= (π/4) *{(45 *10-3)2 – (25*10-3)2} 

= 1.0996*10-3 m2 

Pressure, P = 8 bar 

= 8*105 N/m2 

Therefore, 

Force delivered by the piston, F = P*A 

= (8*105) * (1.0996*10-3) 

= 879.645 N 

It is rounded to F = 880 N 

Now the calculations are done at three positions, which are, 

1) Mean position (MP) - the position where the platform is brought out from the casing using battery. 

2) Lower position (LP) - the position where the platform is lowered to allow the person on wheelchair to enter to the platform. 

3) Top position (TP) – the position where the platform is lifted to allow the person on wheelchair to enter to the bus. 

 Now considering mean position (MP) 

 
Fig. 7: Torque acting on rotating rod due to piston force (MP) 

 

Torque acting on the rod, T = F*d1 

Where, F= Force delivered by the piston, N 

d1= Perpendicular distance between the line of action of the pneumatic cylinder and the center of rod. 

= 60*10-3 m 

Therefore, 

T= 880*60*10-3 

= 52.8 Nm 

Now consider the force acting at the hinge on the platform due to the weight of the person and the wheelchair. Due to this 

force a moment (M) is created at the rotating rod. Here the torque (T) created by the piston force and the moment created by the 

weight on the platform should be equal. Then only the weight on the platform is lifted by the piston force. 

 
Fig. 8: Moment acting on the rotating rod due to weight on platform (MP) 

 

Calculation of moment due to force on the platform. 

Moment, M = Fp*d2 

Where,  Fp = Force acting on the hinge due to weight on the platform, N 

d2 = Perpendicular distance from the hinge (on the platform) to the center of the rotating rod, m 

= 0.47 m 
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We have moment M = 52.8 Nm 

That is Fp = M/d2 

= 52.8/0.47 

= 112.34 N 

So, the equivalent weight, W = Fp/g 

Where g = acceleration due to gravity 

= 9.81 m/s2 

W = Fp/g 

= 112.34/9.81 

= 11.45 kg 

 Now Considering Lower Position (LP) 

 
Fig. 9: Torque acting on rotating rod due to piston force (LP) 

 

Torque acting on the rod, T = F*d1 

Where, F=  Force delivered by the piston, N 

d1= Perpendicular distance between the line of action of the pneumatic cylinder and the centre of rod. 

= 65*10-3 m 

Therefore, 

T = 880*65*10-3 

= 57.2 Nm 

Now consider the force acting at the hinge on the platform due to the weight of the person and the wheelchair. Due to this 

force a moment (M) is created at the rotating rod. Here the torque (T) created by the piston force and the moment created by the 

weight on the platform should be equal. Then only the weight on the platform is lifted by the piston force. 

 
Fig. 10: Moment acting on the rotating rod due to weight on platform (LP) 

 

Calculation of moment due to force on the platform. 

Moment, M = Fp*d2 

Where, Fp = Force acting on the hinge due to weight on the platform, N 

d2 = Perpendicular distance from the hinge (on the platform) to the center of the rotating rod, m 

= 0.37 m 

We have moment M = 57.2Nm 

That is Fp= M/d2 

= 57.2/0.37 

= 154.59 N 
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So, the equivalent weight, W = Fp/g 

Where g = acceleration due to gravity 

= 9.81 m/s2 

W = Fp/g 

= 154.59/9.81 

= 15.75 kg 

 Now Considering Top Position (TP) 

Torque acting on the rod, T = F*d1 

Where, F = Force delivered by the piston, N 

d1= Perpendicular distance between the line of action of the pneumatic cylinder and the center of rod. 

= 45*10-3 m 

 
Fig. 11: Torque acting on rotating rod due to piston force (TP) 

 

Therefore, 

T = 880*45*10-3 

= 39.6 Nm 

Now consider the force acting at the hinge on the platform due to the weight of the person and the wheelchair. Due to this 

force a moment (M) is created at the rotating rod. Here the torque (T) created by the piston force and the moment created by the 

weight on the platform should be equal. Then only the weight on the platform is lifted by the piston force. 

 
Fig. 12: Moment acting on the rotating rod due to weight on platform (TP) 

 

Calculation of moment due to force on the platform. 

Moment, M = Fp*d2 

Where, Fp = Force acting on the hinge due to weight on the platform, N 

d2 = Perpendicular distance from the hinge (on the platform) to the centre of the rotating rod, m 

= 0.39 m 

We have moment M = 39.6 Nm 

That is Fp  = M/d2 

= 39.6/0.39 

= 101.538 N 

So, the equivalent weight, W = Fp/g 

Where  g   = acceleration due to gravity 

= 9.81 m/s2 

W = Fp/g 
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= 101.538/9.81 

= 10.35 kg 

V. DETAILED OPERATION OF THE MECHANISM 

The movements that the platform is operating are: 

 horizontal translation for the exit of the platform outside the bus, 

 descending: from the mounting level to the ground – to take the passenger in wheelchair; 

 lifting: from the ground to the level of the bus - effective lift. 

 descending: to the storage level of the device; 

 horizontal translation – takes the device inside the storage casing, under the bus level. 

Once a person in wheelchair reaches to board the bus initially the doors open, then with then with help of the motor and the rack 

and pinion mechanism the platform from inside the bus until it is completely outside. Now the platform descends to the ground 

using the pneumatic cylinder and the scissor linkage mechanism, and the person on the wheelchair gets on the platform. The reverse 

action of the pneumatic cylinder result in the raising of the platform until it reaches the bus floor and then the platform slides 

completely in the bus. And the person in wheelchair leaves the platform and board in to the bus. As soon as the person enters the 

bus the platform slides back to the mean position and descends down to mean level and the reverse action of the motor retracts the 

platform back to initial storage casing. 

 
Fig. 13: Final prototype 

VI. RESULTS AND DISCUSSIONS 

A prototype showing the mechanism of wheelchair-lift system for use in medium and small public transportation buses that satisfies 

the needs of mobility impaired passengers is designed and fabricated. The whole work of the project has led to the conclusion that 

the concept of the mechanism is achievable. It can be implemented on the bus for which it was designed, but it also can be sold as 

an individual product, to companies in search of solutions for transportation of disabled people, successfully fulfilling the safety 

standards and the design constraints. The designed system is capable of carrying a load of 10.35kg, mainly with the help of a 

pneumatic cylinder and it can be scaled up to regular model capable of carrying 130 kg by adjusting the capacity of cylinder and 

by altering the few dimensions of platform.  

 Durability and maintenance considerations played an important role in the design. Maintenance requirements are minimized. 

Space, versatility, and simplicity were all rated at the same level of importance. The lift has a low frame and folds into a very 

compact space. much less than that of currently used lifts.  

 The project can later be implemented with proximity sensors which increases the accuracy in movement of platform and even 

reduces time. By providing a handle bar and a flap at the end of platform will ensure more safety for passengers. 
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