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Abstract 

Compressed Natural Gas (CNG) is widely used 

as an alternative automotive fuel because of its 

comparatively clean combustion characteristics 

and suitability for transportation applications. 

Since CNG is stored at high pressure, the 

integrity of cylinders, valves, pipelines, fittings 

and associated components is critical for vehicle 

safety. Periodic inspection and testing are 

therefore essential for identifying leakage, 

deformation, corrosion and other defects. 

This research paper presents a case study of 

Vijaya CNG Hydro Testing Services, 

Ahilyanagar, focusing on CNG cylinder testing, 

leakage detection, visual inspection and safety 

practices. The study describes the general 

sequence of CNG cylinder inspection, 

preparation, hydrostatic testing, drying, visual 

examination, leakage checking and certification. 

The paper also discusses common leakage 

locations such as valves, threaded connections, 

O-rings, hoses and fittings. 

Hydrostatic testing is an important method used 

to assess the integrity of pressure vessels. The 

study proposes a systematic testing and quality-

control approach consisting of identification, 

visual inspection, preparation, controlled testing, 

leakage inspection, drying, dimensional 

examination and documentation. The research 

emphasizes that testing must be conducted by 

authorized personnel using appropriate 

procedures and equipment, with safety controls 

suitable for high-pressure gas systems. 
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1. Introduction 

Compressed Natural Gas (CNG) is used 

extensively as an automotive fuel. In a CNG 

vehicle, natural gas is stored in a high-pressure 

cylinder and supplied to the engine through 

suitable valves, regulators, pipes and fittings. 

Because the storage system operates at high 

pressure, the condition of the cylinder and associated 

components is extremely important. 

The CNG system generally consists of: 

• CNG cylinder 

• Cylinder valve 

• High-pressure pipe 

• Filling connection 

• Pressure regulator 

• Pressure gauge/sensor 

• Shut-off valve 

• Low-pressure gas line 

• Engine fuel system 

• Mounting brackets 

Failure of any critical component can result in gas 

leakage or unsafe operating conditions. 

The study focuses on testing and leakage-detection 

practices associated with CNG cylinders at Vijaya 

CNG Hydro Testing Services in the Ahilyanagar 

region. 

 

2. Organization Profile 

2.1 Vijaya CNG Hydro Testing Services 

Vijaya CNG Hydro Testing Services is listed in 

the Akolner/Chas Road area of Ahilyanagar, 

Maharashtra, and is categorized as a CNG 

fitment/testing-related business. 

The industrial study can focus on: 

• CNG cylinder inspection 

• Hydro testing 

• Leakage detection 

• Valve inspection 

• CNG system safety 

• Cylinder condition assessment 

• Testing documentation 

• Quality-control practices 

The detailed equipment, testing pressure, acceptance 

criteria and procedures should be recorded from 

authorized company documentation rather than 

assumed. 
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3. Objectives 

The main objectives of this research are: 

1. To study the CNG cylinder testing 

process. 

2. To understand the importance of 

hydrostatic testing. 

3. To study CNG leakage detection 

methods. 

4. To identify common leakage points. 

5. To study visual inspection of CNG 

cylinders. 

6. To study valve and fitting inspection. 

7. To understand safety precautions during 

CNG testing. 

8. To study testing documentation and 

traceability. 

9. To identify common testing-related 

defects. 

10. To suggest quality and safety 

improvements. 

 

4. Research Methodology 

The research methodology consists of: 

Industrial Visit 

↓ 

Study of CNG System 

↓ 

Cylinder Identification 

↓ 

Visual Inspection 

↓ 

Testing Process Study 

↓ 

Leakage Detection Study 

↓ 

Defect Identification 

↓ 

Safety Analysis 

↓ 

Quality Improvement Recommendations 

Primary information may be obtained through 

authorized observation, discussions with 

technicians and examination of permitted testing 

records. 

 

5. CNG Cylinder 

The CNG cylinder is the main storage vessel in a 

CNG vehicle. 

Its important characteristics include: 

• High-pressure storage capability 

• Structural strength 

• Resistance to corrosion 

• Resistance to mechanical damage 

• Proper valve connection 

• Secure vehicle mounting 

Cylinder condition should be checked 

periodically according to the applicable 

regulatory and manufacturer requirements. 

 

 

6. CNG Cylinder Testing Process 

A generalized testing sequence is: 

Cylinder Identification 

↓ 

Visual Inspection 

↓ 

Removal/Preparation 

↓ 

Cleaning 

↓ 

Hydrostatic Testing 

↓ 

Leakage Inspection 

↓ 

Drying 

↓ 

Internal/External Inspection 

↓ 

Acceptance/Rejection 

↓ 

Documentation 

The exact test procedure and acceptance criteria 

must follow the applicable regulatory requirements 

and the authorized testing facility's approved 

procedure. 

 

7. Visual Inspection 

Visual inspection is an important first stage. 

The cylinder should be examined for: 

External Defects 

• Corrosion 

• Dents 

• Scratches 

• Cuts 

• Bulging 

• Cracks 

• Fire/heat damage 

• Damaged protective coating 

Valve Area 

• Valve damage 

• Thread damage 

• Leakage indications 

• Improper fitting 

• Corrosion 

Mounting Area 

• Loose mounting 

• Damaged brackets 

• Excessive vibration marks 

• Contact damage 

A cylinder showing significant damage should not 

proceed to further testing until evaluated according 

to the applicable approved procedure. 

 

8. Hydrostatic Testing 

Hydrostatic testing is a pressure test in which a 

suitable liquid, typically water, is used as the test 

medium. 
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The general principle is: 

Cylinder Filled with Test Medium → 

Controlled Pressurization → Pressure 

Holding → Observation → Pressure Release 

→ Examination 

The use of liquid instead of compressed gas 

reduces the stored energy associated with the 

test compared with a pneumatic pressure test. 

The actual test pressure, holding time, 

permissible expansion and acceptance criteria 

must be taken from the applicable 

standard/regulatory procedure and the cylinder's 

authorized test specification. 

 

9. Principle of Hydro Testing 

The test evaluates whether the cylinder can 

safely withstand the specified test pressure. 

Important observations can include: 

• Pressure stability 

• Leakage 

• Permanent deformation 

• Abnormal expansion 

• Visible structural defects 

The test should be performed using calibrated 

equipment and appropriate safety controls. 

 

10. Leakage Detection 

Leakage detection is one of the most important 

aspects of CNG-system safety. 

Possible leakage locations include: 

1. Cylinder valve 

2. Valve-to-cylinder connection 

3. High-pressure pipe connections 

4. Hose connections 

5. O-rings/seals 

6. Regulator connections 

7. Filling connection 

8. Shut-off valves 

9. Pressure fittings 

 

11. Leakage Detection Methods 

11.1 Soap Solution Method 

A suitable leak-detection solution may be 

applied to an accessible connection while the 

system is under an appropriate controlled 

condition. 

Formation of continuous bubbles indicates a 

possible leak. 

Advantages: 

• Simple 

• Low cost 

• Easy to observe 

Limitations: 

• Requires appropriate access 

• Very small leaks may require more 

sensitive methods 

• Must be performed under safe 

conditions 

 

 

11.2 Electronic Gas Detector 

A gas detector can detect the presence of natural gas 

around suspected leakage points. 

Advantages: 

• Sensitive 

• Fast 

• Useful for localized inspection 

It should be appropriately rated and maintained for 

the application. 

 

11.3 Pressure-Drop Observation 

A pressure drop over a controlled test period can 

indicate possible leakage, but pressure changes can 

also result from temperature effects and other 

factors. Therefore, pressure-drop results should be 

interpreted according to the approved test procedure. 

 

12. Common Causes of CNG Leakage 

Cause Possible Effect 

Damaged O-ring Gas leakage 

Loose fitting Gas leakage 

Valve-seat damage Leakage 

Thread damage Improper sealing 

Corrosion Cylinder deterioration 

Hose damage Gas leakage 

Improper installation Connection failure 

Excessive vibration Fitting loosening 

Mechanical damage Cylinder integrity concern 

 

13. CNG Leakage Investigation 

A systematic investigation can follow: 

Leak Suspected 

↓ 

Isolate the System 

↓ 

Follow Approved Safety Procedure 

↓ 

Identify Leakage Location 

↓ 

Inspect Connection/Component 

↓ 

Repair or Replace Authorized Component 

↓ 

Repeat Approved Leak Test 

↓ 

Record Result 

Only qualified personnel should perform work on 

pressurized CNG systems. 

 

14. Safety Precautions 

CNG testing involves high-pressure equipment and 

potentially flammable gas. Therefore, safety is the 

highest priority. 

Important precautions include: 

• Keep ignition sources away. 

• Provide adequate ventilation. 

• Use appropriate PPE. 

https://ijsrem.com/
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• Restrict unauthorized access. 

• Follow approved pressure-testing 

procedures. 

• Use calibrated pressure gauges. 

• Inspect hoses and connections before 

testing. 

• Never exceed approved test limits. 

• Depressurize the system before opening 

connections. 

• Follow emergency procedures. 

• Maintain appropriate fire-safety 

equipment. 

• Display warning signs. 

 

15. Inspection Instruments and Equipment 

Typical equipment used in CNG 

inspection/testing may include: 

Equipment Purpose 

Pressure gauge Pressure measurement 

Hydro-test 

equipment 
Pressure testing 

Gas detector Leakage detection 

Vernier caliper Dimensional measurement 

Weighing 

equipment 

Weight measurement where 

applicable 

Visual inspection 

tools 
Surface examination 

Temperature 

indicator 
Test-condition monitoring 

Inspection records Traceability 

The actual equipment available at the 

organization should be recorded during the 

industrial visit. 

 

16. Quality Control 

Quality control should be implemented at each 

stage. 

Stage 1 – Identification 

Verify: 

• Cylinder identification 

• Test due status 

• Applicable specification 

• Previous test information 

Stage 2 – Visual Inspection 

Check: 

• Corrosion 

• Dents 

• Damage 

• Valve condition 

• Mounting condition 

Stage 3 – Pressure Testing 

Verify: 

• Equipment calibration 

• Test setup 

• Test parameters 

• Pressure behavior 

 

Stage 4 – Leakage Testing 

Verify: 

• Valves 

• Fittings 

• Connections 

• Hoses 

Stage 5 – Final Inspection 

Record: 

• Test result 

• Defects 

• Acceptance/rejection 

• Test date 

• Identification details 

 

17. Test Record and Traceability 

A test record can contain: 

Parameter Record 

Cylinder ID ______ 

Vehicle/Component ID ______ 

Cylinder type ______ 

Manufacturer ______ 

Test date ______ 

Previous test information ______ 

Visual inspection Pass/Fail 

Hydro test Pass/Fail 

Leakage test Pass/Fail 

Final status Accepted/Rejected 

Inspector ______ 

Actual values should be entered only from 

authorized test records. 

 

18. Common Defects 

Common defects that may be identified during 

inspection include: 

Cylinder 

• Corrosion 

• Dent 

• Crack 

• Bulging 

• Surface damage 

Valve 

• Leakage 

• Thread damage 

• Seal damage 

• Valve-seat problem 

Pipe/Fittings 

• Loose connection 

• Damaged thread 

• Corrosion 

• Hose deterioration 

 

19. Root Cause Analysis 

For repeated leakage problems, the 5-Why method 

can be used. 
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Example: 

Problem: Leakage at fitting 

↓ 

Why? → Connection is not sealing properly. 

↓ 

Why? → Seal/O-ring is damaged. 

↓ 

Why? → Incorrect installation/handling. 

↓ 

Why? → Standard procedure not followed. 

↓ 

Why? → Inadequate training or process control. 

Corrective Action: Improve standard 

procedure, operator training and inspection. 

 

20. Preventive Measures 

The following measures can reduce leakage and 

testing problems: 

1. Periodic inspection of cylinders. 

2. Proper valve inspection. 

3. Replacement of damaged seals. 

4. Correct tightening procedure. 

5. Inspection of high-pressure hoses. 

6. Regular calibration of testing 

equipment. 

7. Proper operator training. 

8. Maintaining test records. 

9. Using suitable leak-detection 

equipment. 

10. Following approved testing procedures. 

 

21. Proposed Quality Improvement Model 

Cylinder Identification 

↓ 

Visual Inspection 

↓ 

Controlled Hydro Testing 

↓ 

Leakage Detection 

↓ 

Final Inspection 

↓ 

Documentation 

↓ 

Traceability 

↓ 

Periodic Review 

↓ 

Continuous Improvement 

 

22. Results and Discussion 

The study shows that CNG cylinder testing is a 

critical safety activity because CNG systems 

operate at high pressure. Visual examination can 

identify external damage, corrosion and other 

visible abnormalities, while hydrostatic testing 

provides an important assessment of pressure-

vessel integrity. 

Leakage testing is equally important because 

even a small leak in a high-pressure CNG 

system can create a significant safety concern. 

Leakage can occur at valves, seals, hoses and 

threaded connections. 

A systematic combination of visual inspection, 

controlled hydro testing, leakage detection, 

calibrated equipment and proper documentation 

can improve the reliability of the testing process. 

For a complete industrial research paper, actual data 

from Vijaya CNG Hydro Testing Services should be 

collected, such as number of cylinders tested, 

number requiring repair/rejection, leakage locations 

and test failures. These data can then be analyzed 

statistically. 

 

23. Suggested Data Analysis 

The following indicators can be calculated using 

actual industrial records: 

Rejection Rate 

[ 

Rejection\ Rate = 

\frac{Rejected\ Cylinders}{Total\ Cylinders\ 

Tested}\times100 

] 

Leakage Rate 

[ 

Leakage\ Rate = 

\frac{Cylinders/Systems\ With\ Detected\ 

Leakage}{Total\ Tested}\times100 

] 

First-Pass Acceptance Rate 

[ 

FPAR = 

\frac{Cylinders\ Accepted\ Without\ 

Rework}{Total\ Tested}\times100 

] 

These values should be based on actual records and 

not estimated. 

 

24. Recommendations 

1. Maintain cylinder-wise digital records. 

2. Use calibrated pressure-measuring 

instruments. 

3. Maintain equipment calibration schedules. 

4. Implement standardized inspection 

checklists. 

5. Record leakage location and root cause. 

6. Analyze rejection using Pareto analysis. 

7. Train technicians in CNG safety. 

8. Maintain proper ventilation and fire-safety 

arrangements. 

9. Use appropriate gas-detection equipment. 

10. Periodically review testing failures and 

corrective actions. 

11. Maintain complete test traceability. 

12. Follow all applicable PESO, regulatory and 

manufacturer requirements. 
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25. Conclusion 

This research paper presents a study of CNG 

cylinder testing and leakage detection with 

reference to Vijaya CNG Hydro Testing 

Services, Ahilyanagar. 

CNG cylinders and associated high-pressure 

components require systematic inspection 

because their safe operation depends on 

structural integrity and leak-free connections. 

Visual inspection, hydrostatic testing, leakage 

detection and final documentation are important 

components of a reliable testing system. 

The study demonstrates that quality and safety 

can be improved through standardized testing 

procedures, calibrated equipment, systematic 

leakage inspection, operator training, 

preventive maintenance and proper 

traceability. 

Future research can use actual industrial data to 

analyze cylinder rejection, leakage frequency, 

test failures, repair requirements and process 

efficiency. Such quantitative analysis would 

strengthen the industrial case study and provide 

measurable evidence for quality improvement. 
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