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ABSTRACT 

The improvement in the quality of life and the associated aging of the population are accompanied by an 

increase in vascular diseases. The consequences of diseases cause, among other things, the need for wheelchairs. 

Urbanization leads to increased requirements for wheelchairs due to the use of ramps and escalators for the 

accessibility of social facilities. Moving on inclined objects is accompanied by operator deflection and changes 

in the field of view, as well as increased energy consumption. The development of systems for stabilizing the 

position of a mobile platform, in particular, a wheelchair seat, is a way to solve emerging problems. The use of 

spring-loaded batteries will reduce energy costs. The paper considers the mechanism of vertical movement of 

the output link, which is proposed to be used as an element of the stabilization system. 
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INTRODUCTION 

This study focuses on the development of a vehicle chassis drive with the ability to vary the distance between 

the frame and the road. At the same time, this drive system ensures the stabilization of the horizontal position of 

the frame. This requirement is relevant for medical wheelchairs, wheelchairs and vehicles when transporting 

goods with a high center of mass. During operation, the height or deviation of the seat occurs when the 

following typical operations are performed: moving up to interact with a high-placed object, moving up to sit at 

a high table, interacting with the ramp - entering or exiting it. These operations are associated with the energy 

consumption of a wheelchair [1-9], which leads to a decrease in the availability of socially significant facilities 

for a disabled person. For wheelchairs with an electric drive, there is a requirement to reduce energy 

consumption when performing functional tasks. In this case, the main energy consumption occurs when the 

wheelchair is raised to a predetermined height or when the seat is kept in a horizontal position when moving 

along an inclined plane. To calculate the stabilization system, it is necessary to determine the characteristics of 

the controlled drive [10-12].  

RESEARCH TASKS 

1. development of the laws of motion for the selected kinematic scheme; 

2. development of a mathematical apparatus and a complex mathematical model of the mechatronic 

stabilization module; 

3. Methodology for calculating the parameters of the adaptive stabilization module and selection of drives for 

it. 

METHODS 

The research uses the methods of the theory of machines and mechanisms. 
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The vehicle chassis consists of a guide mechanism, on the output link of which a motor-wheel is installed, a 

spring balancing device and an electric cylinder installed between the frame and the axis of the motor-wheel. 

Figure 1 shows a diagram of the guide mechanism. It is made in the form of two pivotally connected links of 

equal length, with one hinge connected to the vehicle frame, and a motor-wheel is installed on the axis of the 

third hinge. 

 

Figure 1. Направляющий механизм для подъѐма рамы. 

Relationships between the angular velocities of the two-link links, ensuring the movement of the motor-wheel 

axis along the Z coordinate are determined as follows. The equation for the sum of the angles of the triangle O, 

O1, O2 

         

Take derivatives 

  ̇   ̇    

So,  

 ̇    ̇   

or  

 ̇    ̇ 

That is, the angular velocity of link 2 relative to link 1 must be 2 times the angular velocity relative to the frame 

and is directed in the opposite direction. This effect can be organized either using a transmission: chain, belt or 

using a set of gears. In addition, on the axis of the hinge joint of the two-link linkage with the frame, for 

example, a pulley of a toothed belt drive with an even number of teeth is installed, and on the axis of the hinge 

connection of the links of the two-link linkage there is a second pulley of a toothed belt drive with the number of 

teeth twice less than on the first pulley, these the pulleys are connected by a toothed belt. The pulley with more 

teeth is rigidly connected to the frame, and the pulley with fewer teeth is rigidly connected to the link on which 

the wheel motor is mounted. Acceptable ratios provide vertical movement of the motor-wheel when turning the 

first link relative to the frame. 

RESULTS 

The most preferable is the vertical installation of the electric cylinder, when one of its hinges is connected to the 

frame, the other hinge is connected to the axle of the motor-wheel (Figure 2). 
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Figure 2. Diagram of a two-link guiding mechanism 

The diagram of the spring balancing device is shown in Figures 3, 4. φ is a standard frame tilt angle. For a better 

understanding of the operation, the diagram of the toothed belt transmission is not shown in the figure. Link О 

О3 of length l is installed vertically on the frame. A block is installed on the O3 axis, and the second block is 

installed on the axis of the two-link. A rope is stored through the blocks, the ends of which are connected to 

springs. The working tension of the spring is L. Determination of the stiffness of the springs will be shown 

below. 

 

Figure 3. Two-link systems with spring balancing devices on the frame 
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Figure 4. Diagram of a two-link system with spring balancing devices 

For a wheelchair, the main energy consumers are wheel drives and drives for changing the distance between the 

road and the frame. In this paper, only the drive for changing the distance between the frame and the road is 

investigated. When loaded centrally, it is divided into four parts:  

       

Where m is the sum of the masses that move vertically. 

Consider a two-link link driven link pivotally connected to the platform. The instantaneous power equation, for 

example, when lifting the frame, taking the lifting speed z to be constant 

  ̇    ̇ 

The attachment coordinate of the Z axis of the guide mechanism is determined from the following expression 

         

Where l is the distance between the axes of the two-link links, and q is the angle between the horizontal line and 

the first link of the two-link. 

Taking the derivatives of the variables in the previous equation 

 ̇         ̇ 

From the joint solution of equations 2 and 4, we obtain the moment that the spring balancing mechanism should 

provide, or when using an electric drive with a gearbox, the control system should provide a torque on the 

output shaft, changing according to the following law 

          

In our case, when using an electric cylinder, it must provide only a constant force. 

Spring force for sinusoidal spring accumulator with output rotary link:  

          
    

 
 

where c is the coefficient of spring stiffness 

Steady-state power of the engine is equal to: 

    ̇ 

where  ̇ – vertical speed. 
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With a mass equal to 120 kg and a lifting speed of 0.1 m / s, the power of the electric cylinder (engine without 

using a balancing spring device) must be more than 30W. When using a balancing device, in preliminary 

calculations, it is possible to choose an electric cylinder with a power of 5 times less, with further verification 

taking into account the dissipative losses in the kinematic pairs of the balancing spring device. When calculating 

for speed and determining dynamic errors, the vertical load from the weight of the frame and the disabled person 

is not taken into account. 

The maximum force of each of the two springs is determined from the expression 

             

Then the required stiffness of the springs is 

       

The energy characteristic of the spring is the maximum potential energy accumulated by the spring in the 

maximum stretched position [2]: 

       

To calculate the dissipative losses in the spring at large displacements, use the expression: 

                    

In parentheses, you must substitute the values of the maximum and minimum energies in the working positions. 

How to calculate the required drive characteristics to compensate for dissipative losses. In most cases, 

compensation for dissipative losses for self-oscillating systems is carried out in accordance with the Airy 

theorem [14,15]. An indispensable requirement in the construction of systems for compensating dissipative 

forces for a mechatronic recuperative drive is the fulfillment of the following condition: the work of the engine 

to compensate for the dissipative forces of the linear spring accumulator     , must be equal to or slightly 

exceed the work that it takes to overcome the dissipative forces     . 

          

The reduced mass of the drive to the O1 axis is calculated as follows. The masses of the elements of the 

mechatronic module can be replaced by two lumped masses: 

1. m1, which depends on the mass of the structural elements of the swivel joint: bearings, axles, etc., the mass 

of the blocks and the mass of the flexible elements enveloping the block. 

2. m2 - the mass of translationally moving elements: a flexible element, a spring, masses of other elements 

moving at the speed of a flexible element. 

The kinetic energy equation for determining the reduced mass to the output link of the spring drive has the form: 

                 

When substituting values, it turns out: 

    ̇
 

 
 

  ̇ 

 
 

    ̇ 

 
 

where: 

 ̇ – vertical frame speed,  

J –  moment of inertia of the links, 

 ̇ – O1 axis angular velocity, 

 ̇ – spring strain rate. 

The moment of inertia of the two-link is 
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The dependence of the angular velocity of the upper link on the platform speed has the form 

 ̇  
 ̇

      
 

The relationship between the angular velocity of the two-link and the deformation rate of the spring. The 

equation for determining the working tension of the spring has the form 

       
    

 
 

The variables in this equation are L and q. 

When taking the derivatives, the ratio between the deformation rate of the spring and the angular velocity of the 

two-link chain is obtained: 

 ̇   ̇    
    

 
 

The reduced mass of the balancing device to the axis of the articulated connection with the frame is determined 

from the following expression: 

   
 ̇ 

 
    

( ̇    
    

 
)
 

 
 

   
 ̇ 

 
 ̇ 

 
   ̇

   (   
    

 
)
 

              ̇ 
 

  (   
    

 
)
 

          
 

    
  

         
 

  (   
    

 
)
 

          
 

Let us estimate the component of the reduced mass of the mass m2, in which the main part is the mass of the 

spring. The mass of the spring is much greater than the mass of all elements of the balancing device. The mass 

of the platform with a disabled person m determines the maximum spring force, and the maximum working 

stroke allows, depending on the adopted dimensions of the balancing device, to determine the spring mass. 

Let's take the coefficient of the reduced mass: 

  
(   

    
 

)
 

          
 

      

          
 

The graph of the change in the coefficient of the reduced mass within the working limits of the rotation angle is 

shown in Figure 4. 

 

Figure 5. Changes in the coefficient of the reduced mass within the working range of the rotation angle. 
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The frictional moment in the spring accumulator   
  reduced to the joint   is equal to: 

  
              

 

 
 

where   – swivel axis diameter at point  ; 

   – diameter of the axes of the hinge joints in points    and   ; 

  – coefficient of friction. 

CONCLUSIONS 

The paper presents a mathematical model for moving the frame of the mechatronic stabilization module. Its 

main characteristics are considered. Calculations of the characteristics of the module and its drive are given. The 

development and study of the frame based on the module is the next stage of work. 
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