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Abstract— In today’s age, the advancement of technology has 

automated every aspect of a human’s life, making it simpler 

and more efficient. However, no matter how smart or 

expensive one’s car is, the bolt system used in wheels requires 

the task of changing wheels to be cumbersome and time-

consuming. This paper presents a simpler yet equally efficient 

method for changing wheels that uses the power of hydraulics 

with the capacity of electronics to trigger the process with the 

push of a button. 

Index Terms— Wheels, Bolts, Hydraulic system, Solenoid 

valve, Arduino chip circuit, Vanes 

I. INTRODUCTION 

he driving mechanism consists of two basic parts, the 

wheel itself and an axle around which it rotates. The 

engine force causes the wheel to rotate and the axle keeps it 

from rolling away. Tires are a subset of wheels mostly used 

for automobiles. They consist of an inner tube of rubber 

often produced by a process known as vulcanization that 

makes the material tough and elastic. The visible, exterior 

part of the tire is known as the tread. The tread has distinct 

grooves that increase its contact with the road and decrease 

its chances of skidding. The outer vertical side of the tire is 

called the sidewall. The central portion of the wheel on 

which the tire is attached is the rim, which rotates around 

the car’s axle. Vehicles have hubcaps or upgraded rims that 

are made of chrome or stainless steal. These rims are used to 

seal the tire on the wheel. And, of course, there are other 

mechanical parts that do not make up the wheel but allow 

them to function, including the brakes, the suspension that 

supports the axle, and the coil springs (suspension 

components that respond to bumps and dips in the road). 

 In this paper, a method is devised to replace the nut-bolt 

system with an automated one. 

 

II. THE CONVENTIONAL MECHANISM 

The car is moved by the rolling action of wheels that are 

attached on a solid disc connected to the rotating axle of the 

car. The solid disc has a dust cap and wheel studs to attach 

the wheel by lug nuts. There are generally 4 or more such 

wheel studs that are located equidistant from the centre and 

at an equal angular distance from each other. The wheel is 

first mounted on the disc by passing the wheel studs from 

the holes on the wheel and then fixed into place by using lug 

nuts. Lug nuts have threads on the inside that fit into 

threaded projections of the disc and are hexagonal in shape 

to facilitate gripping using a wrench. 

 

III. THE PROPOSED MECHANISM 

In the proposed mechanism system, a four spoke 

hydraulic piston using vanes in place of piston rods will 

replace the solid disc of the conventional system. These 

spokes are placed at an angle of 90 degrees to each other. 

The pressurized oil inlet is provided at the inner centre. The 

vanes and the spoke casing are airtight and well lubricated. 

The wheel would be in the shape of a ring with slots 

provided on the inner surface. The vanes when projected out 

from the piston spokes by hydraulic pressure fit into these 

slots.  

When the button is pressed, the current from the circuit 

energizes the solenoid valve, which opens to allow the 

pressurized oil from the pump to flow in and the vanes will 

be pushed out slowly. The tire will get fixed when all the 

four vanes get fixed in the provided slots of the wheel. The 

wheel can be removed on a click of a button by reversing 

the process. During the rotation of wheel, the fluid and 

vanes would experience outward centrifugal force giving 

additional support to the joint. Also, the increase in the 

temperature due to friction in the wheel won’t be large 

enough to affect the synthetic oil having high boiling point. 

Thus the cumbersome conventional process can be replaced 

by a more reliable and efficient method. 

 

IV. COMPONENTS OF THE SYSTEM 

A. Hydraulic System 

A hydraulic system is a power transmission system that 

uses the force of flowing liquids to transmit power. The 

following equations denote the force generated due to 

pressurized oil in a rotating wheel. 

 F1=PA                                                                      

(1) F2=mwr
2                                                                                                       

(2)
  
 

 F=F1+F2                                                                                                        

(3) 

  Where, P = pressure 

 A = area 

 m = mass 

 w = angular velocity and 

 r = radius 

The proposed model uses this system to transfer synthetic oil 

through the tube to the empty spokes, which on filling with the 

oil push the vanes outside. The vanes in turn get attached to 

the slots in the rim of the wheel keeping it in place. The 

figures 4.1 and 4.2 show the structure of the spokes, vanes and 

slots. 

T 
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                                          Fig. 4.1. Four Spoke Piston 

 

 
 

Fig. 4.2. Wheel with slots 

 

B. Solenoid Valve and Oil Pump 

A solenoid valve is an electromechanical device used for 

controlling liquid or gas flow. The solenoid valve is 

energized by electrical current, which is run through a coil. 

When the current flows through the coil, a magnetic field is 

created, causing a plunger inside the coil to move and open 

the valve. When electrical current is removed from the coil, 

the valve will return to its de-energized original state and 

close the valve. Figure 4.3 shows the open and closed 

condition of the valve. 

 

 
          
                     Fig. 4.3. Working of a solenoid valve[3] 

 

Two such valves are used in the system: 

 First to move the oil from the tank to the system 

through the pump when the wheel is to be attached 

 Second to move the oil from the system to the tank 

when the wheel is to be detached  

A hydraulic pump (Figure 4.4) is a mechanical 

source of power that converts mechanical power into 

hydraulic energy. It generates flow with enough power to 

overcome pressure induced by the load at the pump outlet. 

When a hydraulic pump operates, creates a vacuum at the 

pump inlet, which forces liquid from the reservoir into the 

inlet line to the pump and by mechanical action delivers this 

liquid to the pump outlet and forces it into the hydraulic 

system. The pump pressurizes the synthetic oil before it is 

passed to push the vanes. 

 

 

                  
        
                                     Fig. 4.4. Gear Pump[5] 

C. Electrical Circuit 

The opening and closing of the valves has been facilitated 

by a simple circuit as shown in figure 4.5.The circuit makes 

use of the car battery to energize the solenoid valve and open 

it when the switch is closed and to de-energize it and close it 

when the switch is open.  
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       Fig. 4.5. Circuit for working of solenoid valve[6] 

 

 To automate this process on the push of a button, an 

Arduino Uno board has been employed by writing the 

following code in the Arduino IDE and integrating it in the 

Arduino chip. 

 
int buttonPin = 8; 

int sensorPin = 9; 

int switchPin1 = 11; 

int switchPin2 = 12; 

boolean lastPressure = LOW; 

boolean valveOpen1 = false; 

boolean valveOpen2 = false; 

 

void setup() 

{ 

  pinMode(buttonPin, INPUT); 

  pinMode(sensorPin, INPUT); 

  pinMode(switchPin1, OUTPUT); 

  pinMode(switchPin2, OUTPUT); 

 } 

 

void loop() 

{ 

if(digitalRead(buttonPin) == HIGH && lastPressure == LOW) 

  { 

    digitalWrite(switchPin1, HIGH); 

    valveOpen1 = true; 

    while(digitalRead(sensorPin) != HIGH) 

    { 

      delay(5000); 

    } 

    digitalWrite(switchPin1, LOW); 

    valveOpen1 = false; 

    lastPressure = HIGH; 

  }  

  else 

  { 

    digitalWrite(switchPin2, HIGH); 

    valveOpen2 = true; 

    while(digitalRead(sensorPin) != LOW) 

    { 

      delay(5000); 

    } 

    digitalWrite(switchPin2, LOW); 

    valveOpen2 = false; 

    lastPressure = LOW; 

  } 

} 

 

The final circuit used in the system is shown in figure 

4.6.

  
Fig. 4.6. Final circuit of system 

 

 

V. APPLICATION AND ADVANTAGES 

The wheel attachment system can be used from small 

cars to huge trucks. The aviation industry and the railways 

can also adopt the process. This will replace the conventional 

process with a faster and more efficient method. The fatigue 

caused by conventional process can be obviated. This simple 

process can revolutionize wheel assemblies in automobiles.  

 

VI. SCOPE FOR FUTURE RESEARCH 

The automation used here is in its most basic form. Better 

and more compact forms can be introduced with more 

gripping strength. This method can also be used to replace 

other cumbersome processes carried out in different fields. 
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