
C H A P T E R - 4 

4 Development of the Tire Inflator Model 

4.1 Tire Inflator Model 

The model of a microcontroller based tire inflator was developed in the lab. The main 

parts of the inflator are the controller, the pressure sensor, the 5/3 pneumatic valve, 

the LCD screen, push buttons and the hose and the tire connector as shown in the 

Figure 4.1. 
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Figure 4.1: The Tire Inflator Hardware. 

Pressure sensor 

LCD Screen 

32 



4-1-1 The Microcontroller 

The microcontroller used for the tire inflator is PIC16F877 and it is used to have 

required number of inputs and outputs. The analog to digital convertor available in the 

PIC 16F877 is an extra advantage. 

4.1.2 The pressure sensor 

Figure 4.2: SX150 Pressure Sensor. 

The working pressure range of the tire inflator is form 0 psi to 150 psi. The pressure 

sensor selected is the SX150 which is from SX Pressure SERIES, SenSym ICT 

(Appendix B). The other features that considered are the Low Cost, High-Impedance 

Bridge, Low Noise and Low Power Consumption. The additional advantage is the 

pressure sensor is capable for bath Absolute and Differential (Gauge) pressure 

measurements. 

4.1.3 Pneumatic valve 

The pneumatic valve selection was based on the pressure range and the capability of 

both inflation and deflation function. Even through only 3 hoses connected to the 

valve, to have the functionality expected 5/3 valve has to be selected. 5/3 valve is a 

valve with 5 ports and 3 positions. Two solenoids used to actuate the valve and the 

normal position of the valve that is no power condition is all ports closed. 

33 



Solenoid 

El P 

Figure 4.3: 5/3 Valve; 5 Ports, 3 Positions, Center Closed. 

The pressure line from the compressor is connected to the port P, and port A is 

connected to the tire connector. From a "T" connection a line was taken to the 

pressure sensor. Port B is closed permanently using a "Pneumatic Stopper". When the 

solenoid 1 is actuated the pressure line is connected to the port A and to the tire and 

inflation starts. When solenoid 2 is actuated the port A connected to Exhaust 1 (El) 

and deflation starts. To avoid over deflation due to high pressure difference, that is 

pressure difference between tire and the atmosphere is taken as zero, El is connected 

to a flow control mechanism. 
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Figure 4.4: Port Allocation of the Valve 

The selected valve 24V ac operated one with port size V-T (Appendix C). 

34 



4.1.4 LCD Screen 

The LCD screen was designed according to the requirements. There are 3 digits 

available in 1" width to indicate the pressure and also "psi" is displayed at the end 

(Appendix D). 

12.70 

ALL DIMENSIONS ARE IN MILIMETEPS 

Figure 4-5: The LCD Display 

The enclosure of the tire inflator must be with the IP standards and it is made with 

fiberglass as shown in Figure 4.6. The final look if the tire inflator is shown in the 

Figure 4.7. 

Figure 4.6: Fiberglass Enclosure 

35 



4.2 Working of the Tire Inflator 
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Figure 4.8: Valve Positions 

When the tire connector is connected to the tire, the hose up to the valves port A get 

filled with pneumatics. The pressure sensor is in between port A and tire and the 
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pressure at tire can be obtained by the pressure sensor. If the pressure is hi] 

psi the tire inflator recognize it as tire and starts the working cycle (Appendi? 

Normally pressure sensor reads the ambient pressure and to start inflation the p T ^ T F 

value of 5 psi used. Some tire inflators available use this technique to start cycle and 

some provide a start button to start the cycle. The method we use is an automatic one 

and it is more convenient to the user. The problem with this method is when a flat tire 

is to be inflated the tire inflator do not recognize it. Hence separate button is provided 

to start the cycle for flat tires. 

Ones the tire inflator identified the presence of tire the tire inflator reads the tire 

pressure and the set value of the inflator. Set value is the value entered by the user. By 

comparing the two values the controller decides whether to inflate, deflate or to stop 

the operation (Appendix E). If the controller reads a pressure value higher then the set 

value it actuates the pneumatic valve through a relay. The valve position is shown in 

Figure 4.8(a) and now the pressure port is connected to the tire that is inflation starts. 

If the measured pressure is lesser than the set value the controller actuate the valve in 

the other way as shown in Figure 4.8(b) so that the tire is connected to the exhaust 

that is deflation starts. If the set pressure is equal to the measured pressure the 

controller indicate it and stop the operation. 

In the operation, during the inflation what the pressure sensor reed is the dynamic 

pressure, which is higher than the static pressure that we looking for. Hence the tire 

inflator to get the pressure value the inflation has to be stopped. Soon after stopping 

reading is not possible, since have to wait till the pressure stabilizes as shown in 

Figure 1.3. The total cycle time contain inflation time and settling time. In the 

experiments we observed that the settling time is about 5 seconds for most of the tires. 

To make the machine faster it is required to reduce the settling time and increase the 

inflation time. To reduce the setting time the pressure wave dampers has to be 

introduced. The pressure wave dampers are normally expensive and make the 

machine a marketable one alternate solution has to be introduced. 
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As the next alternative is to increase the inflation time, there is a risk since tires may 

reach a high pressure values which may damage the tire. Smaller tires reach higher 

pressures quickly due to small volume. But large tires increases pressure slowly. TQ 

apply the solution accurate tire identification process must be introduced. After tire 

identification the inflation time have to be decided considering several factors. 

1. The volume of the tire 

2. Error with the set value. 

4.3 Tire Identification 

Identification is done according to three inputs the controller gets. One is the initial 

pressure value of the tire. As the connector is connected to the tire the real value of 

the tire pressure is obtained. To identify the volume of the tire the second suggested 

input is to inflate for a "t" time and get the pressure rise. In the Table 4.1 the rise of 

the pressure of several tire types for an inflation time of 0.25s was given 

approximately. A clear deviation can be observed as shown in Figure 4.9. The third 

input is the error value with the set value which is entered by the user. 

Table 4.1: Pressure Rise of Several Tires for an Inflation Time of 0.25 s. 

Tire Type 
Pressure rise for 
0.25 s Inflation 

Category 

3 Wheeler 5 
Small 

Motor Bike 3 
Small 

Car 1 
Medium 

Van 0.8 
Medium 

Buss 0.1 
Large 

Lorry 0.1 
Large 
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Figure 4.9: Variation of Pressure Rise for Several Tire Types 

4.4 Simple On-Off Algorithm 

Initial testing was done using a simple on off algorithm. The initial pressure was 

observed and by comparing with the set value the controller decides to inflate or to 

deflate. The inflation time is fixed and it is very low to avoid high pressure risk for 

small tires. Hence the inflation for large tires is very slow and inefficient. The 

inflation time was set to 0.25 s and the pressure rise in a small tire for this time period 

is more than 5 psi as shown in the Figure 4.9. But the rise in a large tire is as less as 

0.1 psi. 

The increase of inflation time to 1 s is risky. That is pressure rise for 1 s in a small tire 

is about 25 psi and if the starting pressure is more than 20 psi the tire may blow off. In 

motor bike tires the maximum pressure value is about 45 psi and there is a certain risk 

of reaching that value. Hence a reliable tire identification system must be developed 

for tire inflators. 
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4.5 Tire Identification Systems 

Figure 4.10: IRtire identifier 

The technique used to identify tire is using an infrared scanning. Infrared beam is 

used to read the side wall of the tire and using image processing techniques, the tire is 

identified as shown in Figure 4.10 (Appendix F). 

Figure 4.11: IR Scanning 

This method is not suitable for tire inflators since it is not an online method. In the 

available model the tire has to be removed from the vehicle and place on the machine 

to scan it as shown in Figure 4.11. Tire inflator must be able to finish the task as 

quickly as possible and the off line method here may be suitable for a tire 

manufacturing process. On line method has to be developed and for that the data 

analysis is discussed below. 
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