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Abstract - On field sustainability of Engine components determines the efficiency and performance characteristics of the 

vehicles. Problem is injector nozzle tip breakage at lower load cycles in case of heavy duty diesel engines. Application of 

Injectors being Trucks, Tractor Trailers, Tippers, Buses etc.  Project is carried out at Bosch Ltd. Bangalore. Bosch Production 

System’s (BPS) Problem Solving Approach is used to find out the root cause of the problem. Moving parts of the injector 

mainly influences the injection timing, and hence the combustion and emission characteristics. 

Keywords: Injectors, Trucks, Nozzles, Acidic Deposition, Oscilloscope Measurement, Gas Entry, Root cause. 

 *****   
 

I. INTRODUCTION 

 

Problem

Deviation f rom a target state with unknown 

causes

Fundamental Problem (FP)

Managerial 
Root Actions

Technical Root 
Cause (TRC)

Problem 
Oriented

Cause 
Oriented

S
ta

ti
st

ic
s

P
h

y
si

cs

Facts Collection
Numeric Data Analysis

Is –Is not

5W 
Analysis

Fundamental considerations

FP

Structuring
Analyzing

Proving
Consequences and 

Relations

Deriving 
Possible Causes

Fig. 1.1 Problem Solving Funnel

Brain storming

 
Problem Solving Approach begins with Problem oriented 

facts collection, numeric data analysis, 5W analysis, 

Selection of Hypothesis, cause oriented Ishikawa followed 

by Is- Is not analysis leading to technical root cause 

(TRC).The funnel is shown in the fig.1.1.In this method of 

Problem solving we start from data of field statistics and 

then we investigate failure Physics. Thus most of the 

Problem solvers rely on this funnel Approach. Tools like 

Shainin (Swapping Technique) can also be used wherever 

required. Since it makes use of Brainstorming & Hypothesis 

as well as Systematic fundamental considerations, 

multidisciplinary analysis for complex problems can be 

easily carried out .It also allows Statistical tools such as 

Design of Experiments, Analysis of Variance for finding out 

the root cause.  

II. METHODOLOGY 

Collection of facts: Before the failure occurred, excessive 

white smoke found out from the exhaust gases. Dribbling 

spray or missing spray observed, indicating the possibility of 

injector damage. 

 

 
Dribbling Spray  

 

 
Better Spray 

 
Fig 2.1 Spray Pattern Variation 

 
Spray pattern from the nozzle determines the atomization 

inside the combustion chamber. If the vehicle being used in 

hill areas or if the vehicle is subjected to higher load carrying 

applications, then combustion efficiency should be as high as 

possible. Clogging, carbon deposits or any form of blockage 

of holes will have adverse influence on the combustion 

efficiency.

 
2.1 Data Collection 

In this step, on field data of all the applications are 

collected. Trucks and Tractor Trailers shared higher tip failures, 

while not any tip failures recorded for Tippers, Buses. 

Particularly more pronounced failures were observed in 

180HP applications. 
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2.2  5W Analysis 

WHAT exactly the Problem: Since Diesel injectors used 

for Distributor type of fuel injection pumps are subjected to 

constant pulsating mechanical and thermal stresses due to their 

exposed position inside the combustion chamber[1], in case of 

Heavy Vehicles, 59% of nozzle tip failures reported in 

180HP,31Tonnage trucks and 40Tonnage tractor trailers.  
 

 
 So our scope of improvement is limited to trucks and tractor 

trailers, at the same time we should also analyze the Pump and 

Injectors parameters of buses and Tippers, where the problem is 

not observed.  
 

 

WHERE the Problem Occurred: Injectors are associated with 

Bosch Distributor (VE) type of fuel Injection Equipment. From 

the on field failure data, it was clear evident that maximum 

failures were observed in Northern part of India. Drivability, 

usage pattern, Load Cycles may be the suspected causes. 
 

WHEN the Problem occurred: 38% of failures in 

180HP,31Tonnage trucks occurred within 16000Kms,12% of 

failures in 180HP,40Tonnage tractor trailers occurred within 

20000Kms in a span of one year. Repair cost increased 

cumulatively up to 9,00,000  INR per annum. Even repeat 

failures recorded within a range of 3000Kms. 

 

WHO observed the problem: Bosch Service dealers observed 

repeated Injector breakages. They also observed deposits 

blocking the spray from the nozzle holes. 

 

WHY the problem occurred: In this phase, possible causes are 

listed. Suspected causes are strength of nozzle material, 

Improper Injection timing, Needle seat geometry, Spray hole 

geometry, no. of holes etc..  

 

 

2.3 Hypothesis for nozzle tip breakage 

When the diesel burns, a very small amount of it forms 

Sulphur dioxide/ trioxide and if this combines with any water 

vapors (H2O) condensed at lower temperature, suphuric acid 

(H2SO4) is formed. This acidic deposition on the needle as 

well as nozzle seat area initiates crater deposition at higher 

load cycles. The Interaction is shown below. 

 

H2O+SO2/SO3          H2SO4          FeSO4                   Craters. 

 

This carter attacks iron in the nozzle.                   

This leads to increased stress in the material with 

corresponding reduction of strength causing higher failures. 

 

2.4 Oscilloscope Measurement 

To verify Acidic Deposition (Combustion Gas Entry ) 

Oscilloscope study is carried. The Procedure is explained 

below. In the oscilloscope study, objective is to measure the 

Line Pressure ,Combustion Pressure, Needle Lift , and 

Corresponding Crank Angle. 

 
2.4.1 Preparation 

a)  Combustion Pressure Sensors drilled on the Cylinder head 

with a separate provision for the mounting. 

 b) Line Pressure sensors drilled to HPP Line . 

c) Needle lift sensors inside the injector near the pressure 

bolt. 

d)Crank Angle  measurement on the flywheel. 

 

 
2.4.2 Activities 

 

a) Study the Load cycle Measurement data for different 

accelerator position, Torque Points. 

b) Line Pressure (bar),Combustion Pressure (bar),Injector Lift 

(Voltage) are measured at each points.  

 

And the corresponding Graphs are plotted as shown 

graph  2.4.1.From the graph it is evident that needle closing 

pressure should be increased to avoid gas entry, without 

affecting the delivery quantity. Out of 75 data capture points 

(Torque-RPM), 60 points showed gas entry even at lower 

extent of accelerator position and Load. 

 

[1]In addition, the geometry of the needle seat and the shape 

of the nozzle cone have a decisive influence on the opening 

and closing characteristics of the nozzle. This in turn affects 

the soot and NOX emissions produced by the engine. So 

higher spring stiffness is required to fulfill the greater 

delivery requirements in shorter duration. This in turn helps 

in reduction of acidic sulphur deposition on the seat area and 

the corresponding breakage Phenomenon. 

 

For Understanding, parts of a nozzle, a referral figure is 

shown 

in 2.4.2. 
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Fig. 2.4.2 Parts of a Typical Nozzle-a Referral
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2.5 Is &Is Not Analysis :                           
  In this Phase, bad injectors are compared with good 

Injectors (Injectors of Tippers & Busses where gas 

entry not observed) on the basis of gas entry 

phenomenon. This forms the basis for further technical 

Understanding  

 

Table1:Is& Is Not Analysis 
Parameter Nozzle Holder 

Assembly 

(Problem Is 

case) 

Nozzle Holder 

Assembly 

(Problem Is 

NOT case) 

Pressure Stage 

(Guide dia.*Seat dia.) 

(mm*mm) 

4*2.2 4*2.0 

Nozzle opening 

Pressure 
300+14bar 295+8bar 

 

Needle Seat diameter 2.2 mm 2.0 mm 

Needle Lift 0.35 mm 0.3mm 

Spring 

Stiffness(N/mm) 
146.1N/mm 197.2N/mm 

 

Since Lower Seat diameter helps in early opening 

of the nozzle, we propose a new seat area of 2mm and a 

spring stiffness of 197.2N/mm, this lead to higher closing 

pressure of 225bar from existing closure at 209bar. But 

Needle lift is kept at 0.35mm to impart higher delivery. 

Again Oscilloscope measurement is carried out to test the 

gas entry phenomena. 

 

 

III. RESULTS AND DISCUSSION 

Graphs 3.1 are plotted at each point and the each 

graph showed substantial reduction in gas entry. Among the 

80 data capture points, all major working range of trucks 

and tractor trailers are recorded with no gas entry, except at 

full throttle points. But Since Practical usage of Heavy 

Vehicles will be at medium RPM’s solution is considered as 

Break through. 

 
 

IV. CONCLUSION 

1.Reduction in nozzle seat diameter from 2.2mm to 

2mm with corresponding increase in spring stiffness  from 

146.1N\mm to 197.2N/mm showed reduced gas deposition 

on nozzle seat area. 

2.Problem solving approach is an  effective and 

efficient way of finding the root cause for complex 

problems.  
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Fig. 3.1 Needle Lift –Pressure Graph

Due to early closure of the 

needle, combustion gas entry is 

eliminated.

 

 

 

 

Fig.3.2 Fuel Layout System 


