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ABSTRACT 

The Heavy Trucksand Heavy Vehiclesare using XXX (Heavy Vehicle) engine as a main propulsion system.Heavy 

Vehicle engines were imported by India. India (Ministry of Defence) started its engine production from 1988 

onwards. The Make in India concept has led to Indigenisation and in house /outsource manufacturing of these 

engines and their assembliesviz. Injector assembly, cylinder block crank case, fuel injection pumps, water pump, oil 

pump, fuel booster pump etc.Heavy Vehicle engine having approx. 25-30 critical assembly which needs to be 

quality assured from manufacturing stage till engine acceptance test to ascertain quality product. Injector assembly 

is one of them which were imported, needs to be indigenized and quality assured. M/s XXXXAutocomPvt Ltd 

supplied Injector Assembly for Indigenization and Quality Assurance.Quality Assurance, from manufacturing 

process till final acceptance test has been carried out according to drawings / documents / IS 2500 and as per 

methodology of sixteen Quality Assurance Elements. Throughout Quality Assurance, root cause analysis for Low 

Injection pressure and dribbling defects has been carried out by Quality Improvement Tools viz. Cause & Effect 

diagram, Pareto chart, X bar chart. The Corrective and Preventive actions were identified throughout Quality 

Assurance and same has been implemented by the subject firm. Further improved injector duly tested, running-in 

with Fuel Injection Pump, revalidated after fitted on the engine and successfully completed the final acceptance test 

and limited periodical test. 
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INTRODUCTION 

Quality assurance (QA) is the paramount approach of preventing mistakes and defects in products during 

manufacturing and testing through Quality Control Tools and Techniques and delivering good quality of products or 

services to customers or end user.Heavy Vehicleengine is a six cylinder four stroke, high speed, naturally aspirated, 

liquid cooled diesel engine with high temperature of coolant under field operation. This engine is used in Heavy 

Trucks and Heavy Vehicle. Heavy Vehicleengine is of four strokes Compression-ignition Engine. This is a special 

type engine which has a mono block of V type 120° arrangement.The Fuel injector is designed in such a way for 

rapid and complete combustion. The atomization of diesel fuel into very fine droplets for proper mixing of fuel and 

air in combustion chamber is carried out by injector. The High Injection pressure and high density of air in the 

chamber gives a good combustion. The angle of injection is important since the direct hitting of fuel in the cylinder 

wall would create more smoke in the exhaust and carbon deposit. Heavy VehicleInjector have fuel return line in top 

of the injector to ensure the proper lubrication in injector. The injector has spring and stem to pressurize the fuel to 

240 to 260 Kg/cm². The nozzle will open once the pressure reaches to 260 Kg/cm². The pressure can be adjusted by 

loosening and tightening of cap nut. 

 

 

Injectors Assembly 

Heavy Vehicle engine Injector Assembly hasholedia 0.9mm, and no of Hole is 8. Nozzle has different groupsdepend 

upon the spraying of fuel quantity in cc per cycle. Followings are the main parts of the Injector Assembly:- 

 

 



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

                                                                                                                          Impact Factor: 5.004 

  

    
International Journal of Engineering Technology Research & Management 

 

IJETRM (http://ijetrm.com/)   [73] 

 

 

Table 1: Details of various parts of Injector Assembly 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig No Nomenclature 

01 Injector Plunger 

02 Injector Spring 

03 Lock Nut 

04 Spring Nut 

05 Spring Washer 

06 Injector Body 

07 Filter Assembly 

08 Filter Bushing 

09 Spray Tip Assembly 

10 Spray Tip Body 

11 Spring Tip Nut 

12 Sealing Ring 
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Fig 1: Injector Assembly 

METHODOLOGY 

 

The quality elements of this study that are the foundation for guidance regarding Quality Assurance and Quality 

Control Methodology involving processes related to design, procurement, manufacturing and testing. The sampling 

and testing of Injector Assembly was carried out as per table no 2:- 
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Table 2: Details of sampling procedure for Injector Assembly 

 

EXPERIMENTATION AND ANALYSIS 

 

Material Checks 

 

Chemical and MechanicalProperties tests i.e Hardness checks, Magnetic flaw detection tests and Spring rating tests 

was carried out at NABL certified laboratory as per Table 2 are found satisfactory. 

 

Functional Tests on Injector Assembly 

 

The under mentioned tests has been carried out, to check the functional efficacy of Injector Assembly:- 

 Running-in Test 

 Spray formation and Dribbling test 

 Injection Pressure Tests 

 Final Acceptance Test 

Running-in-Tests 

 

The Injector after its assembly was subjected to running-in, in order to achieve mutual alignment of the parts and 

washing of injector as an assembly, the parameters recorded are enumerated in Table 3 :- 

 

 

 

 

 

 

 

Sampling Procedure 

Srl.  NO Test Parameters Pilot sample Bulk sample 

01 Visual inspection 100% 100% 

02 Material inspection 1 no Material test from each raw material lot. 

03 Dimensional check 

100 % 

General inspection level II, single 

sampling, normal inspection, AQL 1.5 of 

IS:2500 ( part - I ) 

04 Hardness check 

05 Magnetic flaw detection 

06 Test on spray tip Assembly 

07 Grouping & marking  100% 

08 

 

 

 

 

 

 

Running- in&Acceptance test 100% 

09 Fitment / performance test on engine 06 Nos 

 

 

30 hrs 
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Table 3: Parameter recorded during running-in-tests 

 

Rotational  speed 

of fuel injection 

pump RPM 

Fuel feed   by 

plunger cm 
3
 

Cylinder No 

L3 R3 L 1 R 1 L 2 R 2 

1300   ±     15k 60 
± 1

 cm 
3
 60.45 60.29 60.21 59.98 59.78 59.98 

800   ±      15 4 cm 
3
  max 61.40 60.60 59.93 59.61 59.53 61.08 

300   ±      15 14.0 
±  6

 cm 
3
 16.69 12.60 12.52 9.22 12.48 15.02 

 

Spray Formation and Dribbling Test 

 

Spray Formation and Dribbling Test was conducted on 12 injectors, out of which 05 no injectors found dribbling 

defect, which is recorded in table no 4.Cause and Effect Analysis for Injector Dribbling Defects was carried out in 

following manner:- 

 

Table 4: Parameter recorded during Spray Formation and Dribbling Tests 

Srl. No.  Fuel Injection Pressure (Kg/cm ²)  Dribbling Status  Spray Formation  

01 260 Yes OK 

02 260 Yes OK 

03 260 No OK 

04 260 Yes OK 

05 260 No OK 

06 260 Yes OK 

07 260 No OK 

08 260 Yes OK 

09 260 No OK 

10 260 No OK 

11 260 No OK 

12 260 No OK 
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Fig 2: Cause and Effect diagram for Injector Dribbling Defects 

 

Observation for Dribbling Problem 

 

 Faulty Nozzle Needle Valve 

 Foreign / Dust / particles in the assembly 

 Manufacturing Defects / NC Material  

 Breakage of Nozzle Needle 

 

Route Cause for Dribbling Problem 

 

 Ultrasonic Cleaning of Spray Tip Assembly / Nozzle needle valve not carried out by the firm. 

 Incorrect Machining process for needle valve. 

Corrective and Preventive Action 

 

M/sXXXXAutocomPvt Ltd has started procurement of Spray Tip Assembly from reputed company as per technical 

requirement of drawing and specificationand introduced ultrasonic cleaning of all parts of Spray Tip Assembly / 

Nozzle needle valve.   
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Injection Pressure Test 

 

After removal of Injector Assembly set from the engine, Injection Pressure test conducted, out of which 02 no’s 

injector observed injection pressure less than lower critical limit which is represented in fig 3 X bar chart.Cause and 

Effect analysis (Fig 4) carried out to identify the root cause and corrective and preventive measures. 

 

  

 
 

Fig 3: X Bar Chart for Injection Pressure Test 
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Fig 4: Cause and Effect diagram for Low Injection Pressure 

 

Observation for Low Injection Pressure 

 Faulty Injector spring 

 Spring broken into pieces 

 Spring rating changed 

Route Cause for Low Injection Pressure Problem 

 Due to non-Conformance material / defective manufacturing of Injector Spring Fig No 02 of Table 1. 

 

Corrective and Preventive Action 

M/sXXXXAutocomPvt Ltd has started procurement of Injector Spring from reputed company as per technical 

requirement of Drawing and specification. 
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RESULT AND DISCUSSION 

The Improved Injector Assembly supplied by M/sXXXXAutocomPvt Ltd has been successfully Quality Assured 

after rigorous validation at the test stand testing and test cell performance evaluation. The Improved Injector 

Assembly was fitted on Heavy Vehicleengine and was subjected to final acceptance test and limited periodical test. 

All parameters recorded during testing are found within the specification limits which are listed in table 5. 

 

Table 5: Parameter recorded during Final Acceptance and Limited Periodical Tests 

Srl  

No  

Corrected 

Power at 

2600 rpm 

Specific Fuel 

Consumption  

(g/kw.h) 

Max Torque at 

1600 rpm (NM)   

Specific Oil 

Consumption 

(g/kw.h)  

Fuel 

Leak-off 

(ml)  

Exhaust Gas 

Temp (°C)   

1  216  232  1015  2.33  230  568/570  

2  215 241  1015  2.33  230  545/565  

3  215  225  1015  2.28  130  552/549  

4  214  227  1015  2.33  130  538/541  

 

 

CONCLUSION 

It is concluded from the above that the study Quality Assurance for Heavy Trucks and Heavy Vehicleengines 

injector to reduce the cost and improvement in quality and reliability enabled us to do Quality Assurance of injector 

assembly. It gives us basis for Quality Assurance and improvement in quality with the help of sixteen quality 

assurance elements and quality control tools. The non-conformance process, material and assembly have been 

successfully identified by quality control tools and techniques. Subsequently, the corrective and preventive measures 

have been fruitfully implemented by the firm, which resulted quality product injector assembly. The import cost of 

Injector Assembly was approximately 305 $ (21350.00 Rs) before study, same has been reduced to only 7700.00 Rs 

(Rupees Seven Thousands Seven Hundred only approximately) after fruitfully Indigenization and Quality 

Assurance, which is nearby one third of previous import cost. The Heavy Vehicle engine fitted with Improved 

Injector Assembly has been successfully tested and exploited for operation, all acceptance parameters are found 

within the specification limit as per drawing, documents and specification.  
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