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______________________________________________________________________________ 
ABSTRACT 

Heavy vehicles and earth moving equipment like heavy duty trucks, dozers, dump trucks, hydraulic excavators and 

several other military tracked vehicles generally uses a combination of mechanical and pneumatic braking system. 

Whenever the vehicle is being operated at various terrain conditions at higher gears, it attains maximum speed. 

Usage of mechanical brakes at higher speed may damage the gear and transmission system of the vehicle. This 

situation can be prevented by using partial air braking system when the vehicle is in motion at higher gears. When 

the engine is cranked, the pneumatic system of the vehicle fills the air bottles through the compressor. The air 

braking system in heavy vehicles is generally controlled by the pressure reducer valve. This research focuses on the 

product improvement in Pressure Reducer Valve in a manufacturing industry with respect to existing design and its 

implications on the braking system that will lead to considerable lesser number of failure and hence improve the 

efficiency of the air braking system. 
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_____________________________________________________________________________________________ 

 

INTRODUCTION 

The Air System in heavy vehicles is generally responsible for Air Start of the vehicle, cleaning of vision devices, 

operating the blower of ventilation, filling up of cylinders, operating various other vehicle attachments, operation of 

inlet air heating system andas well for partial braking feature of the vehicle. Along with electric start, heavy vehicles 

are also equipped to start using compressed air method. Partial Braking System is used for applying gradual and 

intermittent brakes to reduce the speed of the tank at higher gears. Partial Braking System is actuated by a push 

button switch on the vehicle cabin for operation. When the button is pressed, the electro pneumatic valves are 

actuated thereby supplying 70 kg/cm² pneumatic pressure (reduced from 150 kg/cm² as pressure available in air 

bottles charges through 150 kg/cm² compressor) to Servo Booster Mechanism which consists of cylinder and piston 

assembly which is connected as an integral unit to the Brake Control linkage mechanism. Due to the 70 kg/cm² air 

pressure acting on the cylinder of Servo Booster, the Servo Booster piston is displaced linearly and it applies brake 

on the gear box through control linkage and cam mechanism. 

 

Pressure Reducer Valve 

A pressure reducer valve used in heavy vehicles is a pneumatically operated, rubber diaphragm actuated 

control valve that reduces higher air pressure to lower constant air pressure – regardless of the fluctuating demand. 

When the partial brakes are applied, the valve maintains a steady state of air pressure in the braking system. It is 

placedbetween air supply pipe from cylinders and electro-pneumatic valve.It is an Automatic Control Valve 

designed to reduce a higher inletair pressure from the compressor to a minimal amount of air pressure required for 

air braking in heavy vehicles. An adjustable pilot valve controls the throttle position of the main valve. The pilot 

valve senses the required air pressure as per the speed of the vehicles and reacts immediately on the control linkage 

of the braking system through cam mechanism. 
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Existing Pressure Reducer Valve 

Fig 1 represents the existing Pressure Reducer Valve which is generally used by the manufacturer in heavy vehicles. 

It consists of valve, body, collar ,washer, nut, hand wheel/knob, valve spindle/spindle, ball 8mm, coupling cover, 

valve block, valve/valve plus, diaphragm/membrane and spring. The existing Pressure Reducer Valve consists of a 

double layer rubber diaphragm. 

 
Fig. 1: Existing Pressure Reducer Valve 

 

Modified Pressure Reducer Valve 

A schematic representation of modified Pressure Reducer Valve is shown in Fig 2. The modified Pressure Reducer 

Valve consists of a three layer of rubber diaphragm with multiple valve blocks in order to supply require air pressure 

to the braking system. The modified Pressure Reducer Valve uses multiple 300 Bar air cylinders in order to 

efficiently apply air brakes. 

 
Fig. 2: Modified Pressure Reducer Valve 

METHODOLOGY 

Various functional checks like Initial Performance Test, 24 hours Holding Period Test and Prolonged Holding Test 

was carried out and the data was analysed. Endurance Test for 10000 cycles was carried out at 5000 cycles, 1000 

cycles & 4000 cycles and the data was analysed for the existing Pressure Reducer Valves.The details of operations 

involved in testing of Pressure Reducer Valve are: 

 Dismantling the Reducer Valve 

 Inspection of components as per Process/ drawing 

 Sending the item for Leak Test 

 Sending the item for various Pressure Test at Test Rig 

 Adjusting the air pressure in test rig as per various test to be conducted 

 Pressure Test of Reducer Valve 

 Performance test of Reducer Valve 
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Table 1:  Details of various Process Parameters during testing of defective Pressure Reducer Valve 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is evident from the above table that the existing Pressure Reducer Valve has not sustained the various test 

parameters as specified in the drawings/technical documents.The existing Reducer valves used by the vehicle 

manufacturer failed during life test at test facility after 15 days of holding (only 50-55 kgf/cm² pressure noticed 

against 70 kgf/cm²). The following are the inadequacies of the process:  

 The diaphragm was not manufactured as per drawing/specification. 

 The pressure was not properly set/operated by the firm. 

 The firm made the rubber diaphragm with two layer instead of three layer. 

The quality improvements/ corrective action to be carried out by the manufacturer are: 

 Endurance, Life Test and Class-C test wherever specified for air system assemblies / components to be 

carried out at manufacturer location before fitment of assemblies / components on the vehicles. 

 Life Test to be carried out for 10,000 cycles after holding the valve at 150 kgf/cm²for 15 days. 

 The item diaphragm (rubber fabric) should be made of three layer instead of two layer as specified in the 

drawing/specification.  

 

 

RESULT AND DISCUSSION 

The modified item was selected randomly from the lot and the same was subjected to various functional checks like 

Initial Performance Test, 24 hours Holding Test, Prolonged Holding Test and Endurance Test as per the required 

specifications. 

 

 

 

 

 

 

 

Sl No Process Parameters Normal Value Observed Value 

1 Operating Pressure 100 kg/cm² 120 kg/cm² 

2 Operating Temperature 115 F 90 F 

3 Constant Back Pressure 0 kg/cm² 1.5 kg/cm² 

4 Set Pressure 115 kg/cm² 110 kg/cm² 

5 Relief Temperature 115 F 120 F 

6 Variable Back Pressure 0.5 kg/cm² 0.5 kg/cm² 

7 Operating To Set % 86% 90% 

8 Percent Over P 10% 10% 

9 Over Pressure 11.5 kg/cm² 15 kg/cm² 

10 ATM Pressure 15 kg/cm² 12.5 kg/cm² 

11 Relief Pressure 140 kg/cm² 120 kg/cm² 

12 Cold Diff Test Pressure 115 kg/cm² 130 kg/cm² 



Vol-05 Issues 04, April-2021                                                                               ISSN: 2456-9348 

                                                                                                                          Impact Factor: 4.520 

  

 

    
International Journal of Engineering Technology Research & Management 

 

IJETRM (http://ijetrm.com/)   [35] 

 

Table 2: Initial Performance Test 

 
After Initial Performance Checks the Reducer Valve was kept idle for 24 hours without pressure and 

checked the same for above parameters after 24 hrs. The observation is appended below: 

 

Table 3: 24 Hours Holding (Idle) 

 

Date of 

Testing 

Input Pressure            

(140 ± 10) 

kgf/cm² 

Safety Valve 

Pressure 

(98±15) 

kgf/cm² 

Exit 

Pressure 

Stability 

(70±7) 

kgf/cm² 

Air Tightness Test sealing of 

Diaphragm at a pressure 

(140±10) kgf/cm²  for a 

duration of 2 to 3 minutes 

07.02.2021 150 105 75 No Leak observed 

 
The subject item was kept for 5 days with a pressure of 150 kgf/cm² at normal temperature and checked for 

Exit Pressure.The observation is appended below: 

 

 
Table 4: Test for prolonged Holding 

 

Date of 

Testing 

Input 

Pressure            

(140 ± 10) 

kgf/cm² 

Exit Pressure 

Stability 

(70±7) 

kgf/cm² 

Air Tightness Test sealing ofDiaphragm at a 

pressure (140±10) kgf/cm²  for aduration of 

2 to 3 minutes 

(Starting ) 

07.02.2021 150 65 No Leak observed 

After 5 Days 

12.02.2021 150 63 No Leak observed 

 

The Subject item was kept for 19 days with a pressure of 150 kgf/cm² at normal temperature.The 

observation is appended below: 

 

 

 

 

Date of 

Testing 

Input Pressure            

(140 ± 10) 

kgf/cm² 

Safety Valve 

Pressure 

(98±15) 

kgf/cm² 

Exit 

Pressure 

Stability 

(70±7) 

kgf/cm² 

Air Tightness Test sealing of 

Diaphragm at a pressure 

(140±10) kgf/cm²  for a 

duration of 2 to 3 minutes 

06.02.2021 150 105 75 No Leak observed 
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Table 5: Holding Test 

 

Date of 

Testing 

Input 

Pressure            

(140 ± 10) 

kgf/cm² 

Exit Pressure 

Stability 

(70±7) 

kgf/cm² 

Air Tightness Testsealing ofDiaphragm at a 

pressure(140±10) kgf/cm²  for a duration of 

2 to 3Minutes 

03.03.2021 
150 66 No Leak observed 

Again 

rechecked  on  

04.03.2021 
150 64 No Leak observed 

 

The Endurance for 10000 times opening at inlet pressure 120 kgf/cm²to 150 kgf/cm² was carried out in the 

following manner: 

Table 6:  Endurance Test 

 

Date of Testing after 

completion of Stage 

Cycles 

Input 

Pressure            

(140 ± 10) 

kgf/cm² 

Exit Pressure Stability 

(70(+3/-7) kgf/cm² and 

difference of exit 

pressure values before 

and after holding should 

not exceed 6 kgf/cm² 

Air Tightness Test sealing of 

diaphragm at a pressure 

140(+10) kgf/cm²  for a 

duration of 2 to 3 minutes 

5000 Cycles completed 

on 09.03.2021 150 70 No Leak observed 

1000 Cycles completed 

on13.03.2021 150 70 No Leak observed 

4000 Cycles completed 

on 17.03.2021 150 70 No Leak observed 

After the Endurance Test, the subject item was dismantled for visual inspection and found satisfactory. 

 

CONCLUSION 

It is evident from the above tables that the modified Pressure Reducer Valve in heavy vehicles has sustained the 

input pressure of air up to 150 kgf/cm². The exit pressure stability of the pneumatic system sustained nearly up to 

70-75 kgf/cm². The safety valve pressure was found to be within the limits. The above parameters ensured that the 

Performance and Endurance Test carried out on the modified Pressure Reducer Valve was satisfactory and was 

found meeting to the requirement as per the specification. The modified Pressure Reducer Valve used in heavy 

vehicles has drastically reduced the number of failure occurring in the air braking system of the vehicle and the wear 

and tear of the mechanical components in the transmission system of the vehicle has significantly reduced. 
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