[image: cid:image001.jpg@01CEAFCA.5F8242F0]


University of Wales Trinity Saint David
School of Engineering

BSc AUTOMOTIVE ENGINEERING



Emissions



Gareth England

1702839

Emissions Control & Diagnosis 
M5X02202

	

Contents
Introduction.	4
Research.	5
Catalytic converter.	6
Evaporative Emission Control System.	8
Exhaust gas recirculation.	9
Secondary Air Injection.	10
Positive Crankcase Ventilation.	11
Air fuel ratio (AFR).	12
Emission standards (Euro 6).	13
Conclusion.	14
Works Cited	15






















[bookmark: _Toc35820076]Introduction.
This assignment is to analyse different aspects of the emission systems fitted to vehicles to control the produced gasses and particulates that are created by the combustion process. These devices are fitted so that the gasses and particulates produced that are harmful to either people’s health, the ozone layer or soil fertility etc. can be reduced or converted into less harmful gasses. 
This assignment will also look how these devices are governed and why they are a necessary and legal requirement on the modern-day vehicle. It will also look at how they are maintained and how they are adhered to MOT standards.



[bookmark: _Toc35820077]Research.
As engine management and on-board diagnostic systems continue to evolve, so too do the oxygen sensors that monitor the air/fuel mixture. The latest generation of "wideband" oxygen sensors from Robert Bosch are smarter, faster, more durable and capable of precisely measuring exact air/fuel ratios - a feat that was impossible with earlier generations of O2 sensors. Traditionally, oxygen sensors have been used to monitor the level of unburned oxygen in the exhaust. The amount of oxygen that's left in the exhaust following combustion is a good indicator of the relative richness or leanness of the fuel mixture. When air and gasoline are mixed together and ignited, the chemical reaction requires a certain amount of air to completely burn all of the fuel. The exact amount is 14.7 lbs of air for every pound of fuel. This is called the "stoichiometric" air/fuel ratio. It's also referred to the the Greek letter "lambda." When lambda equals one, you have a 14.7:1 stoichiometric air/fuel ratio and ideal combustion. When the air/fuel ratio is greater than 14.7:1, lambda also will be greater than one and the engine will have a lean mixture. Lean mixtures improve fuel economy but also cause a sharp rise in oxides of nitrogen (NOX). If the mixture goes too lean, it may not ignite at all causing "lean misfire" and a huge increase in unburned hydrocarbon (HC) emissions. This can cause rough idle, hard starting and stalling, and may even damage the catalytic converter. Lean mixtures also increase the risk of spark knock (detonation) when the engine is under load. When the air/fuel ratio is less than 14.7:1, lambda also is less than one and the engine has a rich fuel mixture. A rich fuel mixture is necessary when a cold engine is first started, and additional fuel is needed when the engine is under load. But rich mixtures cause a sharp increase in carbon monoxide (CO) emissions.
(Bosch, 2019)
The OBD (On-Board Diagnosis) exhaust emission reduction and diagnosis system became compulsory under law for the first time in the United States of America. Since 1970, the California Air Resources Board, or CARB for short, has been instrumental in reducing air pollution levels through the imposition of statutory requirements. From this evolved the OBD I concept which provided for an OBD system for all vehicles from model year 1991. OBD I was followed by a further directive which prescribed an extension of OBD II for petrol and diesel engines with effect from 1996 and 1997 respectively. On October 13 1998, the European Union passed an EU directive stipulating the introduction of the European On-Board Diagnosis (EOBD) for all member countries. This directive was incorporated into national law in the Federal Republic of Germany. New diesel-powered passenger car models will only be eligible for homologation with effect from January 01, 2003 if they are equipped with an EOBD system. Production diesel-powered passenger cars are required to be equipped with an EOBD system with effect from 2004. The deadline with regard to new petrol-driven models was January 01, 2000.
The EOBD checks components, subsystems and electrical components which are relevant to exhaust emissions and, in case of malfunction or failure, can cause defined emission limits to be exceeded. EOBD is a "lifetime" function. It is required to last for the entire life cycle of a vehicle. The duration of a vehicle life cycle is defined in the EU3 European exhaust emission standard. At this time, EOBD is required to ensure compliance with EOBD exhaust emission limits over a mileage of at least 80,000 km. When EU4 comes into force in 2005, EOBD must function properly over a mileage of 100,000 km.
(VolksWagon)

[bookmark: _Toc35820078]Catalytic converter.

A catalytic converter is a device fitted externally to the engine via the exhaust system to convert and reduce harmful pollutants. Harmful pollutants such as Oxides of nitrogen NOx, carbon monoxide CO and hydrocarbons HC and converted into more inert gasses such as carbon dioxide CO2 and water H2O, and NOx is split to produce nitrogen and oxygen.
As the catalytic converter is external to the engine and there’s no moving components, it’s a complete sealed unit. Diagnosing its condition was difficult and normally done by a technician. the condition of the catalytic converter could be tested by multiple methods.
One method is to tap the outer casing with a soft rubber mallet to hear if the substrate inside the unit rattles and if it does the catalytic converter should be replaced.
Another is to test the back pressure either with a vacuum gauge or a pressure gauge. connect a vacuum gauge to a vacuum port on the intake manifold. Start the engine and note the vacuum reading at idle. Then increase engine speed to about 2,500 rpm and hold steady. Normal vacuum at idle for most engines should be 18 to 22 inches Hg. When the engine speed is increased there should be a momentary drop in vacuum before it returns to within a couple of inches of the idle reading. If the vacuum reading is 10 percent lower than normal and/or continues to drop as the engine runs, it probably indicates a buildup of backpressure in the exhaust.
Checking backpressure requires connecting a pressure gauge to the exhaust system. Use a gauge that reads up to 8 to 10 psi and is calibrated in 1/2-inch increments. A backpressure gauge can be connected to the exhaust system one of several ways: by removing the oxygen sensor and connecting the gauge to the hole in the exhaust manifold; by removing the air check valve in the air pump or pulse air system and connecting the gauge here; or by drilling a small hole into the head pipe just ahead of the converter to attach the gauge (never drill a hole into the converter itself!). One drawback of drilling a hole is that the hole will have to be plugged by a self-tapping screw, plug or welded shut after you've taken your measurements. Also, drilling is not recommended if the head pipe has a double-wall construction.
Once you've made your connection, start the engine and note the backpressure reading. Depending on the application, the amount of backpressure that's considered "normal" will vary. On some vehicles, backpressure should read near zero at idle, and should not exceed 1.25 psi at 2,500 rpm. Others can handle 0.5 to 1.25 psi at idle, but should have more than 4 psi during a snap acceleration test.
(Carley, Catalytic Converter, 2019)
The catalytic converter can also be tested via temperature. The chemical process of converting the harmful gasses into inert ones also produces heat, so to check if the catalytic converter is processing the gasses properly, the temperature at the exhaust exit side of the cat should be higher than the temperature pre-catalytic converter. The temperature difference should be at least 10%.
Emission tests examine two main types of emissions from passenger cars and vans. The first type is carbon dioxide (CO2), which has a relationship to fuel consumption, while the second type comprises pollutants such as carbon monoxide (CO), hydrocarbons (HC), oxides of nitrogen (NOX) and particles (number of particles and total mass of particles).
Modern systems now utilize two lambda sensors one pre and one post catalytic converter, the first analyses the gasses leaving the cylinder and controls fuelling between rich and poor mixtures and the second lambda sensor tests the post catalytic gasses for oxygen content to make sure the cat works correctly.
(Gibson, 2020)
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Evaporative (Evap.) control systems are designed to collect the vapour produced by evaporating petrol in the petrol tank. The vapours produced are volatile organic compounds, they contain a variety of different hydrocarbons (HC). The lighter elements in petrol evaporate easily, especially in warm weather. These include aldehydes, aromatics, olefins, and higher paraffins.

These compounds are harmful to human health and the ozone, they react with air and sunlight (called a photochemical reaction) to form smog. Aldehydes are often referred to as instant smog because they can form smog without undergoing photochemical changes.

Fuel vapours are produced at a constant rate even when the fuel is sitting in the tank. That means if the fuel system is unsealed or open to the atmosphere, it can pollute 24 hours a day even if the vehicle is not being driven. Uncontrolled evaporative emissions like this can account for as much as 20 percent of the pollution produced by a motor vehicle.
(Carley, Catalytic Converter, 2019)
Before nineteen seventy the fuel vapours were ventilated from the fuel tank straight into the atmosphere, then in the seventy’s governments released a regulation governing the emissions produced from the vapours as follows:

1201.22 - Standard for fuel evaporative emissions 

Fuel evaporative emissions from vehicles beginning with the 1972 model year shall not exceed 
1) Hydrocarbons 2 grams per test.
(Final Evaporative Emission Regulations for Light Duty Vehicles and Trucks , 1976)
Modern systems have evolved exponentially, but not in its basic process. 

Older more basic systems work by venting the vapour into a charcoal canister and recirculating it into the induction manifold. This process works exceptionally well as the fuel vapour bonds to the carbon particles in the charcoal and can be easily purged with fresh air.

The need for evolution came because there’s no governing bodies to measure and maintain correct processing of the vapours. On older models there is no way of knowing if the system is operating at its correct standard, there were no sensors or diagnostics in place to know if the system was purging correctly with good flow or if there are any leaks in the system. 

To resolve the issues of no feed back OBD-II was introduced into the system and sensors were added to monitor and produce fault codes during improper activity.

The later versions of evap. Process fuel vapours as follows: vapours are produced and open a spring-operated valve via a build up of pressure, the pressure is monitored by a pressure sensor in the fuel tank. The vapours travel down a line to a charcoal filled cannister that has a one-way atmospheric vent to let air in. the vapours are now safely stored, and when full the purge solenoid activates allowing fresh air to pass through the charcoal granules breaking the bonds between the carbons and the fuel vapours allowing them to flow into the engine intake manifold to add to the combustion.

It is imperative that vehicles be fitted with these systems as emissions dictate it, if left to be vented atmospherically or even left unmonitored the vapours could contribute heavily to an evermore growing concern over human health and the environment.
(Gibson, 2020)

[bookmark: _Toc35820080]Exhaust gas recirculation.

Exhaust gas recirculation (EGR) was designed as a solution to combat an increasing concern in oxides of nitrogen or NOx gasses, as they became more prevalent. The increase of NOx happened because of the downsize of engines. With laws tightening its parameters on emissions a way to keep up was to make smaller cars with the power of bigger vehicles, this was done by adding turbo chargers and super chargers increasing the compression ratio in the cylinders initially forcing more air and fuel in an already miniscule space. This also allowed engineers to remove cylinders. With the increased compression ratios combustion temperatures also rose increasing the amount of NOx produced. NOx formation increases dramatically for combustion temperatures over 1370°C.

EGR works on the premise that any NOx formed by the engine under 1370°C can be converted by the catalytic converter as the temperature starts to climb past this the NOx produced overwhelms the catalytic converter. To allow the cars to retain the increased compression ratios for times where its needed and NOx is less prevalent such as cold starting, idling and snap acceleration. exhaust gas recirculation was introduced.

EGR is not used at wide open throttle because it inhibits the combustion process when needed the most.

The EGR system utilises a tube connecting the exhaust manifold to the EGR valve. this tube is usually as long as possible so the exhaust gasses have time to cool down, otherwise the temperature could increase to a point of pre-detonation causing engine knock and a loss of power. The gasses are then fed into the intake manifold at the control of the EGR valve. Between 6 and 10 percent of exhaust gasses are normally added to the induction process.

Modern systems utilise an EGR position sensor, a linear potentiometer on top of the valve (EVP) and an Exhaust back pressure sensor or pressure feedback EGR (PFE). Some versions even use solenoids that open different size orifices.
(Gibson, 2020)

[bookmark: _Toc35820081]Secondary Air Injection.
Secondary air injection is used to help the catalytic converter to oxidise the HC and CO molecules into water moisture and carbon dioxide, so they are inert when vented to the atmosphere. Secondary air injection is vital to cutting emissions by improving the conversions of pollutants during cold starts and warm up phases because approximately 80% of unburned HCs and COs are produced in the first 40 to 60 seconds after starting up.
The secondary air injection system (SAIS) uses solenoids controlled by the ECU to determine where and when the air is injected. When the engine is cold the air is pumped into the exhaust manifold to help oxidise the hydrocarbon and carbon monoxide, then as the engine reaches optimum working temperature and activates a closed loop system the air gets pumped directly into the catalytic converter. If a vehicle is under fast deceleration the ECU switches the air feed to the air filter to avoid the vehicle backfiring.
 (A. Onorati, G. Ferrari and G. D'Errico, 2003)
(Gibson, 2020)
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Positive crankcase ventilation is designed to circulate the blow by gases from the combustion chamber that have passed the piston rings into the crankcase back into the inlet manifold to be burned off. 
The piston rings are only capable of containing so much which means every so often the gases that leak past are unburned hydrocarbons the PCV relieves these gasses because if they are left to build up the increasing pressure and heat can be explosive.
Keeping the PCV in correct working order is vital for maintaining  good idling conditions as 30% of idle air comes from the PCV. PCVs on older model vehicles were checked by technicians for good working conditions, the tests would be to check the vacuum produced by the engine at the valve cover. This would be done by placing a small sheet of paper or card over the oil cap to see if the vacuum holds it in place. Another test was to use a vacuum tube at the dipstick tube.
To meet modern standards in emissions control from 2004 vehicles with PCVs were required to monitor them this was achieved by adding pressure sensors that can be read by the ECU for diagnostics.
(Gibson, 2020)
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Thermal engines use fuel and oxygen to produce energy through combustion. To guarantee the combustion process, certain quantities of fuel and air need to be supplied in the combustion chamber. The ideal (theoretical) air-fuel ratio, for a complete combustion, is called stoichiometric air-fuel ratio. For a petrol engine, the stoichiometric air-fuel ratio is around 14.7:1.
Spark ignition (SI) engines usually run on gasoline (petrol) fuel. The AFR of the SI engines varies within the range 12:1 (rich) to 20:1 (lean), depending on the operating condition of the engine (temperature, speed, load, etc.). Modern internal combustion engines operate as much as possible around the stoichiometric AFR.
Compression ignition (CI) engines usually run on diesel fuel. Due to the nature of the combustion process, CI engines always run on lean mixtures, with an AFR of between 18:1 and 70:1. The main difference, compared with SI engines, is that CI engines run on non-homogeneous air-fuel mixtures, while SI run on homogeneous mixtures (in case of port-injection engines).
(Gibson, 2020)
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Euro standards define the acceptable limits for exhaust emissions of each new vehicle sold in the EU. They are established through European Union Regulations and, through the years, these standards have introduced increasingly stringent maximum levels for pollutant emissions. The latest standard (Euro 6) establishes a maximum limit of 80 mg of NOx per kilometre.
The Euro 6 standard was introduced in September 2015, and all mass-produced cars sold from this date need to meet these emissions requirements. The aim of Euro 6 is to reduce levels of harmful car and van exhaust emissions, both in petrol and diesel cars. 
Light-duty vehicles are tested primarily in a controlled laboratory environment on a chassis dynamometer, following a predefined drive cycle. Emissions are reported in units of g/km. The pre-defined drive cycle for light-duty vehicles is known as the New European Driving Cycle (NEDC), and it is composed of two sections. 
The first section, the ECE 15 cycle, was intended to represent urban driving and has been supplemented by the second section, which, is a higher speed test intended to represent highway driving. Both sections are necessary to capture the full range of low speed and high-speed urban driving for a typical vehicle in Europe. Prior to the Euro 3 standards, vehicles could run for 40 seconds from cold before emissions were measured, permitting the catalyst on gasoline vehicles (see next section) to heat up and become effective. From Euro 3 onward this allowance was removed to better reflect the effects of cold start emissions, and so measurements are now made from the beginning of the drive cycle. 
Regulation 715/2007, which established the Euro 5 and 6 engine standards, states in its preambular paragraphs that the [European] Commission should “keep under review the need to revise the New European Drive Cycle,” and further notes that “Revisions may be necessary to ensure that real world emissions correspond to those measured at type approval.”5 Since the agreement of Regulation 715/2007, research has shown the NEDC to be a poor representation of real-world driving, with serious implications for emissions, particularly those of NOX from diesel cars, and for the ambient air quality in Europe. The more recently developed Worldwide Harmonized Light Vehicles Test Cycle (WLTC) contains more dynamic driving conditions than the NEDC, such as higher maximum velocity and less idling time, as it was designed using a large number of real world drives to better reflect real-world driving conditions. The European Commission is preparing to add the WLTC for type-approval testing for new vehicles beginning around 2017. A shift to WLTC for certification of new vehicles would lead to improved compliance with diesel NOX emission limits in the real world, although by reducing the importance of cold start emissions, a shift to the WLTC may also reduce the stringency of gasoline emissions limits. The European Commission also plans to implement Real Driving Emissions (RDE), a requirement that adds a road test to laboratory-based certification of vehicle engines, with the goal of further reducing the gap between certification and real-world emissions. This may go even further toward improving real world compliance with emission standards. This is discussed further under “Real World Emissions” below.
(Martin Williams, Ray Minjares, 2016)
(Gibson, 2020)

[bookmark: _Toc35820085]Conclusion.
[bookmark: _GoBack]To conclude engine performance is strongly dictated by government restrictions which leads to great engineering designs and ways of solving pollution problems, but combustion engines still have a way to go in reaching maximum efficiency and zero pollution. Green power vehicles are a strong competitor for combustion engine but in my opinion as legislations have gotten tighter manufacturers have always come back with solutions so due to this fact I believe combustion engines will continue their legacy, maybe in the form of alternative fuels.
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