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ABSTRACT 

 

 Nowadays carburetted fuel supply systems of petrol engines are being replaced by the 

electronic gasoline injection systems, in order to overcome the drawbacks of carburetted systems 

and also, to meet the present stringent emission norms. These systems are gene ally termed as 

Electronic Fuel Injection (EFI) systems. The fuel is injected in to the throttle body or in to the 

inlet manifold through an electronic fuel injector, which is controlled by an electronic control 

unit. The quantity of fuel injected by the injector plays a vital role as far as performance and 

emission characteristics of spark ignition engines are concerned. The characteristics of the fuel 

injector are different under static conditions. Static characteristics can be found out by an 

electronic fuel injection test bench. The quantity of fuel injected depends upon a number of 

parameters like engine speed, fuel pressure, injection duration, injector supply voltage and dead 

rime etc.The effect of the above parameters on the quantity of fuel to be injected gives the 

injection characteristics of the gasoline injector. The test bench setup for the injector test consists 

of fuel tank, in-tank electric fuel pump, electronic fuel injector, electronic control circuit, 

injection chamber and pulse generator. This research work deals with the fuel injection 

characteristics of the gasoline fuel injector. The effect of different injection parameters like fuel 

injection pressure, injection duration, supply voltage to injector and engine speed on the quantity 

of fuel injected have been studied for the injector. 
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1. INTRODUCTION  

 

In internal combustion engines, Gasoline Direct Injection (GDI), also known as Petrol Direct 

Injection or Direct Petrol Injection or Spark Ignited Direct Injection (SIDI) or Fuel Stratified 

Injection (FSI), is a variant of fuel injection employed in modern two-stroke and four-

stroke gasoline engines. The gasoline is highly pressurized, and injected via a common rail fuel 

line directly into the combustion chamber of each cylinder, as opposed to conventional multi-

point fuel injection that happens in the intake tract, or cylinder port. In some applications, 

gasoline direct injection enables a stratified fuel charge (ultra lean burn) combustion for 
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improved fuel efficiency, and reduced emission levels at low load. The major advantages of a 

GDI engine are increased fuel efficiency and high power output. Emissions levels can also be 

more accurately controlled with the GDI system. The cited gains are achieved by the precise 

control over the amount of fuel and injection timings that are varied according to engine load. In 

addition, there are no throttling losses in some GDI engines, when compared to a 

conventional fuel-injected or carburetted engine, which greatly improves efficiency, and reduces 

'pumping losses' in engines without a throttle plate. Engine speed is controlled by the engine 

control unit/engine management system (EMS), which regulates fuel injection function and 

ignition timing, instead of having a throttle plate that restricts the incoming air supply. Adding 

this function to the EMS requires considerable enhancement of its processing and memory, as 

direct injection plus the engine speed management must have very precise algorithms for good 

performance and drivability. The engine management system continually chooses among three 

combustion modes: ultra lean burn, stoichiometric, and full power output. Each mode is 

characterized by the air-fuel ratio. The stoichiometric air-fuel ratio for gasoline is 14.7:1 by 

weight (mass), but ultra lean mode can involve ratios as high as 65:1 (or even higher in some 

engines, for very limited periods). These mixtures are much leaner than in a conventional engine 

and reduce fuel consumption considerably. 

 

a.Ultra lean burn or stratified charge mode is used for light-load running conditions, at 

constant or reducing road speeds, where no acceleration is required. The fuel is not injected at 

the intake stroke but rather at the latter stages of the compression stroke. The combustion takes 

place in a cavity on the piston's surface which has a toroidal or an ovoidal shape, and is placed 

either in the center (for central injector), or displaced to one side of the piston that is closer to the 

injector. The cavity creates the swirl effect so that the small amount of air-fuel mixture is 

optimally placed near the spark plug. This stratified charge is surrounded mostly by air and 

residual gases, which keeps the fuel and the flame away from the cylinder walls. Decreased 

combustion temperature allows for lowest emissions and heat losses and increases air quantity by 

reducing dilation, which delivers additional power. This technique enables the use of ultra-lean 

mixtures that would be impossible with carburetors or conventional fuel injection. 

 

b.Stoichiometric mode is used for moderate load conditions. Fuel is injected during the intake 

stroke, creating a homogeneous fuel-air mixture in the cylinder. From the stoichiometric ratio, an 

optimum burn results in a clean exhaust emission, further cleaned by the catalytic converter. 

 

c.Full power mode is used for rapid acceleration and heavy loads (as when climbing a hill). The 

air-fuel mixture is homogeneous and the ratio is slightly richer than stoichiometric, which helps 

prevent detonation (pinging). The fuel is injected during the intake stroke. It is also possible to 

inject more than once during a single cycle. After the first fuel charge has been ignited, it is 

possible to add fuel as the piston descends. The benefits are more power and economy, but 

certain octane fuels have been seen to cause exhaust valve erosion. For many years, innovative 

engine technology has been a development priority of Mitsubishi Motors. In particular, 

Mitsubishi has sought to improve engine efficiency in an endeavour to meet growing 

environmental demands, such as those for energy conservation and the reduction of CO2 

emission to limit the negative impact of the green-house effect. 

In Mitsubishis endeavor to design and build ever more efficient engines, it has devoted 

significant resources to developing a gasoline direct injection engine. For years, automotive 
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engineers have believed this type of engine has the greatest potential to optimize fuel supply and 

combustion, which in turn can deliver better performance and lower fuel consumption. Until 

now, however, no one has successfully designed an in-cylinder direct injection engine for use on 

production vehicles. A result of Mitsubishis engine development capabilities, Mitsubishis 

advanced Gasoline Direct Injection GDI engine is the realization of engineering dream. 

 

 2. GDI ENGINE 

 

a. Major Objectives of the GDIengine 

 

         Ultra-low fuel consumption that betters that of even diesel engines Superior power to 

conventional MPI engines. The difference between new GDI and current MPI  

For fuel supply, conventional engines use a fuel injection system, which replaced the carburetion 

system. MPI or Multi-Point Injection, where the fuel is injected to each intake port, is currently 

the one of the most widely used systems. However, even in MPI engines there are limits to fuel 

supply response and the combustion control because the fuel mixes with air before entering the 

cylinder. Mitsubishi set out to push those limits by developing an engine where gasoline is 

directly injected into the cylinder as in a diesel engine, and moreover, where injection timings 

are precisely controlled to match load conditions. The GDI engine achieved the following 

outstanding characteristics. 

  Extremely precise control of fuel supply to achieve fuel efficiency that exceeds that of 

diesel engines by enabling combustion of an ultra-lean mixture supply. 
 Very efficient intake and relatively high compression ratio unique to the GDI engine 

deliver both high performance and response that surpasses those of conventional MPI 

engines. 
 

b.Major characteristics of the GDI engine 

 

(i).Lower fuel consumption and higher output Optimal fuel spray for two combustion mode  

Using methods and technologies unique to Mitsubishi, the GDI engine provides both lower fuel 

consumption and higher output. This seemingly contradictory and difficult feat is achieved with 

the use of two combustion modes. Put another way, injection timings change to match engine 

load. 

 

For load conditions required of average urban driving, fuel is injected late in the compression 

stroke as in a diesel engine. By doing so, an ultra-lean combustion is achieved due to an ideal 

formation of a stratified air-fuel mixture. During high performance driving conditions, fuel is 

injected during the intake stroke. This enables a homogeneous air-fuel mixture like that of in 

conventional MPI engines to deliver higher output.  

 

 Ultra-lean Combustion Mode 

Under most normal driving conditions, up to speeds of 120km/h, the Mitsubishi GDI 

engine operates in ultra-lean combustion mode for less fuel consumption. In this mode, 

fuel injection occurs at the latter stage of the compression stroke and ignition occurs at an 

ultra-lean air-fuel ratio of 30 to 40 (35 to 55, included EGR). 
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 Superior Output Mode 

When the GDI engine is operating with higher loads or at higher speeds, fuel injection 

takes place during the intake stroke. This optimizes combustion by ensuring a 

homogeneous, cooler air-fuel mixture that minimized the possibility of engine knocking. 
(ii). The GDI engines foundation technologies  

There are four technical features that make up the foundation technology. The Upright Straight   

 Intake Port supplies optimal airflow into the cylinder. The Curved-top Piston controls 

combustion by helping shape the air-fuel mixture. The High Pressure Fuel Pump supplies the 

high pressure needed for direct in-cylinder injection. And the High Pressure Swirl Injector  

Controls the vaporization and dispersion of the fuel spray. These fundamental technologies, 

combined with other unique fuel control technologies, enabled Mitsubishi to achieve both of the 

development objectives, which were fuel consumption lower than those of diesel engines and 

output higher than those of conventional MPI engines. The methods are shown below.  

 

Realization of lower fuel consumption 

 

(i) Basic Concept  

 

In conventional gasoline engines, dispersion of an air-fuel mixture with the ideal density around 

the spark plug was very difficult. However, this is possible in the GDI engine. Furthermore, 

extremely low fuel consumption is achieved because ideal stratification enables fuel injected late 

in the compression stroke to maintain an ultra-lean air-fuel mixture. 

An engine for analysis purpose has proved that the air-fuel mixture with the optimum density 

gathers around the spark plug in a stratified charge. This is also borne out by analyzing the 

behaviour of the fuel spray immediately before ignition and the air-fuel mixture itself.  

 

(ii) Combustion of Ultra-lean Mixture  

 

In conventional MPI engines, there were limits to the mixtures leanness due to large changes in 

combustion characteristics. However, the stratified mixture of the GDI enabled greatly 

decreasing the air-fuel ratio without leading to poorer combustion. For example, during idling 

when combustion is most inactive and unstable, the GDI engine maintains a stable and fast 

combustion even with an extremely lean mixture of 40 to 1 air-fuel ratio (55 to 1, EGR 

included). 

 

(iii) Vehicle Fuel Consumption during Idling 

 

The GDI engine maintains stable combustion even at low idle speeds. Moreover, it offers greater 

flexibility in setting the idle speed. 

 

Compared to conventional engines, its fuel consumption during idling is 40% less. 

 

GDI is an advanced injection system for gasoline engines that, thanks to high operating pressures 

(more than 100 bars) and sophisticated strategies of multi-point injection combined with 

turbocharger, allow engine downsizing, improved performances, and significant reductions in 

fuel consumption and emissions.GDI direct injection represents an effective power train 
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technological solution in order to fall in step with the trend of emission reduction required by 

regulations in several countries and markets. In this scenario, Magneti Marelli’s technological 

offer covers all the GDI system components (injectors, pump, electronic control unit, software) – 

as well as the integration know-how. Magneti Marelli so far has produced approximately 18 

million GDI injectors. This is a technology that originated from mass production and has already 

been applied in the Motorsport as well (specifically in the WRC), and in 2014 will also be used 

in Formula 1: for this racing application, Magneti Marelli is currently testing injectors and 

pumps for engines with petrol pressures of up to 500 bar. 

 

 

3. EXPERIMENTAL SER-UP 

The injection characteristics of a gasoline injector are described as the static and the dynamic 

types. Figure 1 and Figure 2 shows the schematic layout or the test bench setup for the injector 

test, which consists of fuel injector, electronic control circuit, injection chamber and pulse 

generator. In the static test the amount of fuel injected, static is obtained by measuring the 

quantity of fuel injected for injection duration of 60 seconds at different fuel pressures and 

injector supply voltages without the control from the electronic injection circuit. The quantity of 

fuel injected is calculated in terms of grams per second (g/s) or kilogram per hour (kg/hr).  

 

 
Figure 1. Layout or the test bench setup for the injector test 
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Figure 2. Layout or the test bench setup for the injector test 

 

4. DIRECT INJECTION GASOLINE FUEL SYSTEM 

 

Direct fuel injection is a fuel-delivery technology that allows gasoline engines to burn fuel more 

efficiently, resulting in more power, cleaner emissions, and increased fuel economy. Gasoline 

engines work by sucking a mixture of gasoline and air into a cylinder, compressing it with a 

piston, and igniting it with a spark; the resulting explosion drives the piston downwards, 

producing power. Traditional (indirect) fuel injection systems pre-mix the gasoline and air in a 

chamber just outside the cylinder called the intake manifold. In a direct-injection system, the air 

and gasoline are not pre-mixed; air comes in via the intake manifold, while the gasoline is 

injected directly into the cylinder. 

 

Advantages of direct fuel injection 

 

Combined with ultra-precise computer management, direct injection allows more accurate 

control over fuel metering (the amount of fuel injected) and injection timing (exactly when the 

fuel is introduced into the cylinder). The location of the injector also allows for a more optimal 

spray pattern that breaks the gasoline up into smaller droplets. The result is more complete 

combustion -- in other words, more of the gasoline is burned, which translates to more power and 

less pollution from each drop of gasoline. 

 

Disadvantages of direct fuel injection 

 

The primary disadvantages of direct injection engines are complexity and cost. Direct injection 

systems are more expensive to build because their components must be more rugged -- they 

handle fuel at significantly higher pressures than indirect injection systems and the injectors 

themselves must be able to withstand the heat and pressure of combustion inside the cylinder. 



International journal of advanced scientific and technical research               Issue 4 volume 1, January-February 2014          

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com Page 425 
 

Renewed interest in direct fuel injection 

 

Direct injection technology has been around since the mid-20th century; however, few 

automakers adopted it for mass-market cars. Electronically-controlled indirect fuel injection did 

the job nearly as well at a significantly lower cost, and offered huge advantages over the 

mechanical carburetor, which was the dominant fuel delivery system until the 1980s. However, 

recent developments such as skyrocketing fuel prices and stricter fuel economy and emissions 

legislation have led many automakers to begin developing direct fuel injection systems. You can 

expect to see more and more cars make use of direct injection in the near future. 

 

Diesels and direct fuel injection 

 

Virtually all diesel engines use direct fuel injection. However, because diesels use a different 

process to combust their fuel (gasoline engines compress a mixture of gasoline and air and ignite 

it with a spark; diesels compress air only, then spray in fuel which is ignited by the heat and 

pressure), their injection systems differ in design and operation from gasoline direct fuel 

injection systems. Direct injection means injecting the fuel directly into the cylinder instead of 

premixing it with air in separate intake ports. That allows for controlling combustion and 

emissions more precisely. But it demands advanced engine management technologies. 

Mitsubishi, Toyota, and Nissan have introduced direct injection engines for gasoline powered 

vehicles, and some European automakers have introduced gasoline direct injection engines since 

2000. The first commercial systems employed constant fuel pressure, but the industry is moving 

toward variable-pressure systems. Similarly, multiplunger designs are giving way to simpler, 

single-plunger designs in the high-pressure pumps. And automakers are shifting to variable 

volume pumps, from constant-volume models, to accommodate their variable-pressure fuel 

systems. Each automaker adopts unique spray characteristics in their high-pressure injectors to 

accommodate the combustion concept of their engines. Injectors that form a cone-shaped spray 

are most common, though Toyota has begun using a fan-shaped spray. 

 

We began limited production of components for gasoline direct injection engines in 1996 and 

have been mass-producing them since 1997. In 2000, we supplied components for about 120,000 

gasoline direct injection engines. We strengthened our product line during the year by 

introducing lighter-weight, higher-performance components. Direct fuel injection is not a new 

idea. Diesel engines have always used the technology, which squirts fuel under high pressure 

into an engine’s cylinders rather than into the intake manifold. In a diesel engine, the process of 

injecting fuel directly into the combustion chamber at the top of the compression stroke initiates 

and controls combustion. The Robert Bosch Company perfected the modern mechanical 

injection pump for small diesels in Germany in 1927. 

 

Bosch developed the first automotive direct injection system using gasoline, and 

Mercedes introduced it on the 1955 Mercedes Benz 300SL. Engine power was double that of its 

carbureted counterparts and allowed a top speed of up to 161 mph, making it the fastest 

production car of its time. It might be easiest to see how direct injection works by comparing it 

to traditional fuel injection methods. With conventional fuel injection, injectors supply all 

cylinders with a mist mixture of air and fuel, averaging a constant 14.7:1 ratio, known as 

astoichiometric mixture. Vacuum draws the mixture into the cylinder where the spark plug 
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ignites it. The throttle valve determines how much of the air/fuel mixture enters each cylinder, 

keeping the mixture at an optimum 14.7:1 ratio. Lean air/fuel mixtures won’t ignite well, 

creating excessive NOx and hydrocarbon emissions which the catalytic converter must then 

capture and process.  Figure 3 shows the components of Gasoline Direct Injection. 

 

In a direct injection engine, the injection nozzle is located inside the combustion chamber and 

injects a finer spray, like that from an atomizer bottle. Each solenoid-controlled injector has 

minute outlet holes which exude a fine mist. Injectors positioned to the side of each cylinder, aim 

the fuel into the cylinder, adjacent to the spark plug, and alongside the intake and exhaust valves. 

 

 
Figure 3 Components of Gasoline Direct Injection 

 

FUEL ECONOMY AND EMISSIONS 

 

Modern gasoline engines face fuel efficiency challenges due to a number of limitations that are 

inherent to the Otto cycle that defines the spark-ignited engine. With many governments 

beginning to regulate CO2 emissions, the spark ignited engine must continue to improve its 

efficiency to remain the power train of choice for light-duty (automotive) applications while 

continuing to produce ultra-low emissions. For alternative applications that would typically 

require a diesel engine, the ultra-low emissions capability of the spark-ignited engine is an 

attractive benefit, given the increased cost and effort required for the traditional diesel engine to 

meet modern emissions standards. However, to be a realistic competitor to a diesel engine, 

spark-ignited engines must improve their fuel efficiency. Unfortunately, addressing one aspect of 

inefficiency frequently means making a trade-off with separate inefficiencies elsewhere in the 

combustion or exhaust cycle. For example, strict emissions regulations require that most typical 

gasoline engines maintain a fixed, stoichiometric air-fuel ratio to ensure proper functioning of 

the three-way catalyst that removes pollutants from the exhaust. However, to achieve this ratio in 

low-load conditions requires throttling, or restricting air flow, which leads to efficiency losses 

called pumping losses. A commonly proposed method to reduce pumping losses is to decrease 

engine displacement and use a turbocharger to increase the power output. Since the vehicle 

power requirements will not change, the reduced-displacement engine must operate at higher 

levels of specific power output, greatly reducing the need to operate the engine at the lowest 

loads. However, there is a catch.i At high loads, knock is a more significant source of efficiency 
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losses than pumping work. Knock is the spontaneous ignition of part of the charge. This can lead 

to excessively high cylinder temperatures and pressures as well as objectionable noise. If allowed 

to occur continually, knock can also cause significant engine damage. Knock is addressed in a 

number of different ways in engines, including reducing the compression ratio and retarding 

sparks timing. While it is possible to achieve good fuel consumption results at high power levels 

and reduced compression ratios, the fuel consumption at low to partial loads is often 

compromised. Using Spark-retard to combat knock leads to reduced efficiency and excessive 

exhaust temperatures at high loads. 

 

Typically, the solution to the exhaust temperature problem has been to enrich the fuel-air mixture 

to reduce combustion temperatures. This not only wastes fuel, but it also makes it difficult to 

meet carbon monoxide (CO) and hydrocarbon (HC) emissions standards at high load sand, 

although they are not currently regulated, also leads to very high levels of particulate emissions 

(PM).Recent studies performed by engineers at Southwest Research Institute (SwRI) have 

examined the role that exhaust gas recirculation (EGR) can play in reducing, or even eliminating, 

these sources of inefficiency in gasoline engines. In internally funded research, they determined 

that EGR can improve the fuel consumption of both direct injected and port-injected gasoline 

engines by reducing pumping losses, mitigating knock, cooling the exhaust and eliminating the 

need for fuel enrichment. 

 

Emission of oxides of nitrogen (NOx) into the atmosphere from combustion engines presents a 

significant global health threat. Over several decades emissions of NOx from vehicles have been 

progressively mitigated by a range of strategies, enforced by legislation, including pgm after 

treatment. As legislation around the world is extended, tightens and covers more vehicle 

types,pgm use in emissions control is expected to grow.PGM demand should benefit from 

integrated catalyst solutions currently being developed that combine the functionality for NOx 

reduction with that to reduce other pollutants. 

 

NOx is a generic term for oxides of nitrogen, a mixture of nitric oxide (NO) and nitrogen dioxide 

(NO2), which are by-products of combustion at high temperatures, such as those which occur in 

an engine cylinder. NOx is a leading cause of, or contributing factor to, a range of respiratory 

diseases such as asthma, emphysema and bronchitis, conditions which can lead to premature 

death. The formation of ozone, which can result in lung damage, is another major adverse effect 

of NOx emissions. 

 

Control of NOx 

 

Legislation requiring the control of NOx emissions from motor vehicle engines is now in force in 

many countries around the world. Technology to convert NOx to less harmful gases has made 

significant progress over the last few decades, and recent developments mean that NOx 

emissions from both gasoline and diesel engines can now be reduced to extremely low levels. In 

the European Union, the advent of Euro 5 emissions standards in2009 introduced NOx limits of 

0.06 g/km for gasoline vehicles and 0.18 g/km for diesels. Stringent NOx emissions limits are 

also in force in Japan. In the USA, considerably stricter emissions limits are in place for gasoline 

and diesel vehicles alike – on a fleet-averaged basis for each manufacturer, NOx emissions must 

not exceed 0.07 g/mile. The next step-change in European legislation comes in 2014 with the 
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advent of Euro 6, which cuts the allowable NOx limits by over 55% for diesel engines, to 0.08 

g/km, while keeping limits for gasoline engines at their current level. Countries which follow the 

European standards, such as India and China, will also see a tightening of NOx limits in the next 

decade as Euro 5 equivalent legislation is adopted. 

 

Gasoline 

 

The control of NOx using palladium and rhodium in three-way catalysts (TWCs) is a well-

established technology and gasoline emissions control accounts for the vast majority of rhodium 

demand. The new on-board diagnostic (OBD) limits that come into force at Euro 6 reduce by 

70% the threshold amount of NOx emitted before the driver is notified of a problem with the 

catalyst. Manufacturers are therefore currently working on further improving the durability of 

catalysts. One of the potential ways this could be achieved is by increasing relative rhodium 

loadings. Due to the superior activity of rhodium in NOx reduction, it may be possible to thrift 

palladium from a TWC while adding a smaller amount of rhodium, to give a lower cost, higher 

performance system. The drive towards more fuel-efficient engines has led to the development of 

gasoline engines which use a stratified charge, or lean burn, combustion. These engines generate 

more NOx in the cylinder than conventional gasoline engines and require some kind of NOx 

abatement, such as a lean NOx trap (LNT) catalyst in order to deal effectively with these 

emissions. As LNTs are rolled out by certain manufacturers, this will add to future demand 

principally for platinum, but also for palladium and rhodium. 

 

Nitrogen (N2) 

 

Nitrogen is an inert gas that exists naturally in the inlet air (and sometimes in the fuel as). In its 

diatomic form, N2, nitrogen is stable and non-reactive, thus diatomic nitrogen found in engine 

exhaust is not a regulated constituent. Nitrogen is not typically a concern until it is dissociated by 

the high temperatures of combustion, enabling the formation of oxides of nitrogen. 

 

Oxides of Nitrogen (NOX) 

 

Oxides of nitrogen (NOX) is a family of compounds, including nitric oxide (NO) and nitrogen 

dioxide (NO2). These compounds are produced from combustion with air which is 79% nitrogen. 

Nitric oxide (NO) and nitrogen dioxide (NO2) are typically grouped together as NOXemissions. 

Nitric oxide is created from the oxidation of atmospheric nitrogen. Once NO arrives in the 

atmosphere, it reacts with diatomic oxygen to form NO2Nitrogen dioxide is known to irritate the 

lungs and lower the resistance to respiratory infections in humans. It is also an important 

precursor to the production of ozone. In the presence of ultraviolet light and volatile organic 

compounds unburned hydrocarbons), NO2 can promote the creation of O3, or ozone, the primary 

component of photochemical smog. This ozone is present at or near ground level, in contrast 

with the ozone in the upper atmosphere which shields the Earth from excessive ultra-violet 

radiation. Ground level ozone damages lung tissue and reduces lung function. NOx production is 

heavily influenced by combustion temperature which, in turn, is affected by the amount of excess 

air present during combustion. NOX production is also strongly affected by the amount of 

exhaust gas in the cylinder and the ignition timing. Exhaust gas remaining in the cylinder or 

ingested with the intake mixture (EGR) contains inert gases. These inert gases absorb heat and 
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reduce the combustion temperature which subsequently lowers the NOX. Retarding the ignition 

timing reduces the peak cylinder pressure and temperature, again lowering the actual NOX 

output. 

 

6. RESULTS AND DISCUSSIONS 

 

Static injection characteristics 

 

The static fuel injection rate of the injector is influenced by fuel pressure and injector supply 

voltage 

a. Effect of fuel pressure Vs supply voltage. 

b.Variation of fuel injection rate with injection duration at instant speed. 

c.Variation of fuel injection quantity with pressure at different injection duration. 

 

Effect of fuel pressure and supply voltage 

 

The fuel pressure is varied from 0.25 to 2.75 bar insteps of 0.25 bar at different injector supply 

voltages varying from 6 to 12 volt DC in steps of one volt. Figure 4 shows the variation of static 

fuel injection rate with the fuel pressure at different injector supply voltages. The static fuel 

injection rate with the fuel pressure non-linearly as the increase in fuel pressure increases the fuel 

velocity, which increases the fuel injection rate. The relationship is a second order polynomial 

approximation. Also it is found that the same trend is observed for both injectors. 

From the figure 5 it is observed that the injector supply voltage does not influence the static fuel 

injection rate. As the injection dead time is very small, which is in the order of ms, when 

compared to the total injection duration of 60seconds, the effect of injection dead time is 

negligible for all injector supply voltages. Therefore, static fuel injection rate remains nearly 

constant for all injector supply voltages but increases with the fuel pressure for both injectors 

 

 
Figure 4 Variation of fuel injection rate with injection duration at two engine speeds 
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Figure 5 Effect of fuel pressure Vs Supply voltage 

 
Figure 6 Variation of fuel injection quantity with pressure at different injection duration 

 

Effect of fuel pressure 

 

This test was conducted by varying fuel pressure from 0.25 to 2.75 bar at different injection 

durations and constant injector supply voltages of 12 volt DC.Figure 6 shows the effect of fuel 

pressure on the dynamic fuel injection quantity at different injection durations. As the fuel 

pressure increases the fuel velocity increases the fuel injection quantity. The fuel injection 

quantity increases non-linearly with the fuel pressure. The slope of the curve is at low injection 

durations but increases with the increase in injection duration due to the effect of injection dead 

time. The same trend is observed with the two injectors. 
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7. CONCLUSION 

 

EFI/TCCS System 

 

With the introduction of the computer control system (CCS) the EFI system went from a simple 

fuel control system to a fully integrated engine emissions management system. Although the fuel 

delivery systems the same as conventional EFI. 

 

Ignition Spark Management (ESA) 

 

The EFI/TCCS system regulates spark advance angle by monitoring engine operating conditions, 

calculating the optimum spark timing and firing the spark plug at the appropriate time. 

 

Idle Speed Control (ISC) 

 

The EFI/TCCS system regulates engine idle speed by means of several different types of ECU 

controlled devices. The ECU monitors engine operating conditions to determine which idle 

speed strategy to use. 

 

 

Exhaust Gas Recirculation (EGR) 

The EFI/TCCS System regulates the periods under which EGR can be introduced to the engine. 

This control is accomplished though the use of an EGR Vacuum Switching valve. 

 

Summary 

 

The electronic fuel injection system consists of three basic sub systems. 

 The electronic control system determines basic injection quantity based upon electrical 

signals from the flow meter and engine rpm. 

 The fuel delivery system maintains a constant fuel pressure on the injector. This allows 

the ECU to control the fuel injection duration and deliver the appropriate amount of 

engine operating conditions. 

 The EFI system allows for improved engine performance better fuel economy and 

improved emissions control. Although technologically advanced the EFI system is 

mechanically simpler than other fuel metering systems and requires very little 

maintenance or periodic adjustment 
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