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			-Figure 1: Engine Testing Rigs
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Abstract

The systematic testing of the three-engine control system testing rigs, in the University of Wales Trinity Saint David Workshop is the study of this emissions report. An explanation of the key emission control devices used within the systems has been stated alongside the Euro legislation set since the early 1990s. Data has been acquired by performing testing using the correct methodology and equipment, including the use of Bosch oscilloscopes and the correct personal protective equipment. An analysis of scope readings produced was carried out, including suggestions for modifications, for each system to reduce emissions emitted. A conclusion includes future Euro 7 discussions and possible alternative fuel ideas.




















1. Introduction

An emissions control and diagnosis report, will include the analysis and evaluation of the operation of emission control devices. This report will introduce and outline the previous testing carried out, investigating three engine control system testing rigs. Each of these test rigs have been designed under different Euro legislation and therefore would not fit to today’s Euro 6 standards. Research into the background of emissions and the pollutants produced will be shown, with a description of the various control devices used.

Applying test measurements in a working group, an analysis of the engines emissions and combustion performance will be determined. Testing will be carried out at the University of Wales Trinity Saint David’s vehicle lab, where appropriately selected equipment will be used to carry out a full systematic fault diagnosis. Selected equipment is; a digital multi-meter and a Bosch oscilloscope to successfully produce scope patterns, to help to justify a repair recommendation to reduce emissions. These scope patterns alongside data books, manuals and wiring diagrams will be used to analyse the control systems present, justifying modifications to improve emissions and devices to fit the Euro 6 standards.

Using data collected from testing, a discussion into how each emissions control device monitors and reduces emissions produced will be stated, including each device’s overall importance. A discussion into the effects of EGR on and off, fitted to a modern engine will be shown, alongside the effect EGR has on NOx produced.

Finally, using statements from technical papers, a conclusion can be made for the changes needed to bring one of the engines into Euro 6 standards. Reasoning and evidence for any change to reduce emissions will be stated, alongside a discussion about alternative fuels.





2. Research

The research section of this report, will include the relevant background information on emissions. This would include changing points in time, where the need to reduce emissions, has been much greater and therefore made the government obligated to set standards and legislation for manufactures. The pollutant standards set between Euro 1 and Euro 6 will be stated, to help justify improvements to the emission control devices fitted to the testing rigs. The control devices present will be discussed, including their main features and monitoring process.

[bookmark: _Hlk34666583]2.1. Emissions Background

Emissions control has not always been seen as an important factor in the automotive industry, only since the mid 1960’s has there been legislations set in place. California was the first to introduce an emissions legislation and all other industrialized countries followed the use of limiting the pollutants produced from gasoline and diesel engines (Tappe and Bender, 2014, p.532).

The key changing point in time where emission control was realised to be detrimental to clean cities, was after the Great London smog in December 1952, where London’s streets stayed thick of polluted foggy air, lifting after four days and resulting in over 12,000 deaths (Alan Martin, 2016).

It changed the way the world looks at pollution. Before the incident, people in cities tended to accept pollution as part of life. Afterward, more and more, they fought to limit the poisonous side effects of the industrial age.
(Laskin, 2006, p.42)

As stated in the article ‘Great London Smog’, after the catastrophic event in December 1952, drastic changes were enforced by the government to try and reduce these pollutants being released to the streets and the atmosphere. In 1956, the British parliament introduced the ‘clean air act’, where industrial and domestic smoke is controlled with ‘smokeless zones’, which was the first ever act to deal directly with air pollution (Laskin, 2006, p.45).

2.2. Pollutants and Eu Legislation

The main pollutants produced from the combustion process emitted into the atmosphere have been dramatically reduced by around 90% since the 1970s. Regrettably, due to the increase of vehicles driven on the road, the overall pollutants produced from motor vehicles is still very high (Halderman, 2016, p.308). The main pollutants produced from the combustion process are carbon monoxide (CO), hydrocarbons (HC), nitrous oxide (NOx) and sulfur dioxide (S). With the help of many control devices these pollutants can be turned into harmless gases at a rate of 99%, which are then let into the atmosphere (Khler and Allgeier, 2006, p.270).

The standards set for The Europe Union, also known as the Euro standards, are defined by the EU commission. The emission control legislation set for passenger cars/ light-duty trucks is the ‘Directive 70/220/EEC’ from 1970. This legislation was the first set standards for exhaust emission limits and more defined regulations have been updated since (Kesch, Amirpour and Eggers, 2006, p.299).
[image: https://www.acea.be/uploads/news_images/Euro_Standard_limits_PC_1000.png]







-Figure 2: History and Levels of Euro Standards for Passenger Cars (ACEA, 2020)

The Euro standards define the limits of CO, HC, NOx and particulates produced and emitted. The first Euro 1 standard was set in 1992 and since then 5 newer Euro standards have been set with the newest being Euro 6, as shown in figure 2 (Kesch, Amirpour and Eggers, 2006, p.301).

2.3. Emission Control Devices

After discussing the pollutants produced and the Euro standards set to reduce these, the basic principles of each control device will be stated. The monitoring process and importance of the device will also be discussed using relevant diagrams and figures where appropriate.

2.3.1. Catalytic Converter

Catalytic converters are outside the engine and the combustion process, fitted between the manifold and the rear silencer, typically positioned after the lambda sensor. These devices are fitted to vehicles to reduce harmful pollutants escaping into the atmosphere. For a catalytic converter to be 100% efficient, the temperature must be between 482 and 871, so the closer to the manifold the better, before gases start to cool (Halderman, 2016, p.344).
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-Figure 3: Catalytic Converter Process (DRiV Inc. 2020)

The process reduces emissions of noxious gases such as nitrogen oxides, unburnt hydrocarbons, and carbon monoxide and replaces them with less harmful emissions, either by oxidizing them into carbon dioxide and water or reducing them to nitrogen.
(Park, 2007)

Similar to most emission control devices, the catalytic converter is monitored by the ECU and tests the device whenever the engine load is steady and less than 65%, the engine speed is below 4,000 rpm, closed loop status, intake temperature over zero degrees and the engine coolant is over 18. This monitoring system means a catalytic converter can last up to 80,000 miles if not damaged by the driver.

2.3.2. EVAP

As previously stated, the combustion process produces large quantities of hydrocarbons through evaporation of fuel in the fuel system and tank. The evaporative emissions also known as EVAP, reduces the gasoline vapours escaping into the atmosphere with little maintenance and when a problem occurs, the check engine light will turn on.
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			-Figure 4: EVAP Emissions System (Nicole, 2018)

The EVAP system works by trapping gasoline vapours through the vent line, fed into the charcoal canister and then supplied to the intake. This process allows the vapours to be burned in the engine instead of escaping into the atmosphere (Halderman, 2016, p.317). The diagram in figure 4 shows a simple design of an EVAP system.

2.3.3. EGR

Exhaust gas recirculation also know as EGR, is a control device used to lower the quantity of nitrogen oxides (NOx) produced during the combustion process. EGR massively reduces the quantity of NOx produced, by recirculating around 10% of all exhaust gas back into the intake. This process of introducing gases into the intake lowers the peak combustion temperature and reduces any NOx emissions (Fuchs et al. 2006, p.57).
EGR can be monitored on board a vehicle to make sure the valve is opening, by measuring the voltage difference in the exhaust oxygen sensor, before and after the EGR valve opens. By using EGR and therefore lowering the combustion temperature, also directly effects detonation. This is due to the temperature drop, reducing the chances of the air / fuel mixture igniting (Halderman, 2016, p.328-331).

[image: EGR system diagram]








-Figure 5: EGR System Diagram (Samarins, 2020)

2.3.4. SAIR

Secondary air injection reaction, is the process of providing air to the exhaust system to oxidise hydrogen and carbon monoxide emissions to water and carbon dioxide. The system injects air, just after the exhaust valves into the exhaust gas manifold, before the lambda sensors and catalytic convert. The system should be tested when a vehicle is running poorly or fails an emissions test (Halderman, 2016, p.340).

2.3.5. PCV

Positive crankcase ventilation (PCV) is the process of ventilating unburned hydrocarbons from the combustion chamber, that have passed the piston rings and into the crankcase, called blowby gases. Positive ventilation devices recirculate these unburned gases and directs them back into the intake to be burnt (Halderman, 2016, p.340).

Figure 6 below shows an illustration of the process of PCV in three phases of opening. An example of PCV functioning while driving under the condition of idle cruising, is that the air flow will be restricted and the inlet vacuum will stop. The PCV valve regulates the air flow through the crankcase like this example, depending on the driving condition of the vehicle.

[image: ]







-Figure 6: Positive Crankcase Ventilation (PCV) Function Illustration (Bender,2019)

2.3.6. Air / Fuel Ratio

If the air / fuel could be fully combusted, only water vapour and carbon dioxide should be produced. Due to the combustion process not being 100% efficient, devices must be chosen to reduce certain emissions. The air / fuel ratio can be used to control the NOx, by enriching the mixture and lowering the NOx emissions. This also reduces fuel efficiency and other emissions but increases the hydrocarbons produced (Khler and Allgeier, 2006, p.268).









3. Methodology

To effectively test and diagnose an occurring problem or the efficiency of an emission control device, there are three main techniques used. If used effectively these techniques can be adapted and used to diagnose any system. On board diagnostics (OBD) are used within the system to self-monitor all systems present within the vehicle. OBD are used with most of the control devices previously stated in ‘2.3. Emission Control Devices’, these systems allow for the vehicle to notify the driver that there is an issue present by constantly checking the sensors connected to the device (Denton, 2000, p.20).

Off board diagnostics, such as hand held, portable or stationary equipment are most commonly used to determine a whole range of faults that cannot be done on board. Multi-metres are a very common use of equipment to test electrical systems to check voltage and current readings to then be checked against manufacturers tolerance specifications (Denton, 2000, p.29).

A Bosch oscilloscope was used during testing, creating a range of waveform patterns for each testing rig, to then allow for an analysis of the function of the control devices, aimed at each set of Euro legislation. These scope patterns show the operation of the devices as they turn on to reduce the emissions produced. Scope patterns allow for intermittent or recurring faults to be displayed and paused on the screen (Denton, 2000, p.31-33).

Other diagnosis techniques that are commonly used include exhaust gas analyser, which can measure four of the main exhaust gases including CO, C, HC and . This form of measuring can also show the lambda value and air to fuel ratio alongside the four gases. This diagnose technique shows real time exhaust gas data, to then be frozen for future retrieval (Denton, 2000, p.34-35).





4. Results / Analysis

Systematic testing was performed on three engine control systems, the first system is a Motronic 1.5 system first introduced in the mid 1980’s fitting in with Euro 2 / 3 standards set at the time, which was the first system to be fitted with a catalytic converter. The second system to be tested was a Ford EEC IV zetec engine which was engineered to fit within the Euro 3 / 4 standards and is the next generation from the 1.5 Motronic. The third system tested was a Vauxhall 2.0 Motronic EcoTec engine, fitted with sequential injection introduced in the mid 1990’s, aimed at the Euro 4 / 5 standards which was the first to introduce the EGR solenoid valve. In this section of this emissions report, statements will be made to determine the functions of control devices fitted to each system, with scope patterns to guide explanations.

The Motronic 1.5 system fits within the Euro 2 and 3 standards, being fitted with a catalytic converter and charcoal canister but would not fit within the Euro 6 standards. The system is fitted with single phase lambda but this could be replaced with a wide band lambda sensor to monitor the charcoal canister. Another modification to reduce the emissions would be to replace the rotary idle valve with a solenoid idle control to increase activation time. Due to age of this system it is fitted with OBD and not EOBD plugs.

[image: ][image: ]The Ford zetec system uses sequential injection to open the injectors in engine firing order as shown in figure 7, instead of groups. This means that the ECU must know the operating stroke of the engine, and this is done by using a camshaft phase sensor as shown in figure 8.








-Figure 7: Injectors Pulsing Scope Pattern (Ford)		-Figure 8: Camshaft Sensor Scope Pattern (Ford)
The scope pattern shown in figure 7 shows injectors 3 and 4 (pins 35 and 39), opening after each other. This waveform shows how the voltage switches from around 15 V to 0 V as the injectors are operated. Figure 8 shows the camshaft sensor which is used to reference the speed and load to allow the ECU to know when to pulse each injector. A hot wire air flow sensor and a new mass metre is also used to better indicate mass and increase the quality of spark.

[image: ][image: ]The idle speed control valve fitted to the Ford and Vauxhall system “allows more or less air past the throttle plate thereby controlling idle speed” (Halderman, 2016, p.438). The pulse air system allows air to be drawn into the exhaust manifold to continue to burn of excess hydrocarbons and accelerates the warm up phase of the catalytic converter.
-Figure 9: Idle Speed Control Valve (Ford)			-Figure 10: Idle Control Valve (Vauxhall)

Figures 9 and 10 show the idle speed control valve wave forms for the Ford and Vauxhall systems. The waveforms show that the voltage will not change other than as it gets warmer, the valve will no longer be needed to be left open. The newer Vauxhall system shows a square boxy pattern, unlike the saw tooth pattern that the Ford system produces. The Vauxhall system is a solenoid not rotary and monitors the voltage as the current draw changes, while maintaining the base idle and allowing more air in, until operating temperature is achieved.

The Vauxhall 2.0 Motronic EcoTec engine is a simtec system and is the first generation to have fully adapted control, but the system runs blind to determine the NOx, meaning there is no means of fully knowing when the engine is running too hot.
[image: ]







-Figure 11: EGR Solenoid Valve (Vauxhall)

Figure 11 shows the EGR solenoid valve functioning on the Vauxhall system, this first generation of EGR, operates when the throttle opens not when the correct temperature is reached. A possible modification for this system would be a newer generation EGR, which operates at the correct temperature not under throttle openings.

5. Conclusion

To conclude this report, modifications that can be made to either of the Vauxhall or Ford system will be stated, with technical papers to support discussions made. Future standards that the Euro 7 is expected to have will be stated, with suggestions on how to reduce emissions further, using various devices or methods. Discussions into possible future fuels and power sources will also be stated to show an insight into the future of the automotive industry.

5.1. Ford System

This system aimed to the Euro 3 and 4 standards is fitted with a lambda sensor, but not after the catalytic converter. A modification to better monitor the efficiency of the catalytic converter would be by adding a Titanium lambda oxygen sensor after the cat, this would help to measure the oxygen content of the exhaust gases without being affected by any contamination from outside air (Halderman, 2016, p.226). The use of the added lambda sensor after the cat also reduces the chances of ammonia caused by malfunction in the catalytic convert.

Advantages of this system is the sequential injection, which allows the injection to be freely programmable to adapt to the engines operating state, which has a significant influence on the mixture formation and unburned HC emissions (Melsheimer et al, 2006, p.109, 111).

5.2. Vauxhall System

Comparable to the Ford system, the Vauxhall system is fitted with sequential injection and was the first system to introduce EGR solenoid type valves. Due to this being the first generation of EGR, the system is not as efficient as newer generations. A modification for this system would be to introduce the newer EGR, to more efficiently monitor engine heat to know when EGR is needed. By introducing the new EGR system, EGR will operate at the correct temperature to reduce oxygen concentration and act as a heat sink, which lowers the combustion temperature, subsequently reducing the NOx formation (Sorathia et al, 2012, p.3).

5.3. Future Euro 7 Standards

The amount of NOx emissions produced is likely going to be a large factor for the new Euro 7 standards. The effects of EGR on and off on a modern Euro 6 system are massive.

Many theoretical and experimental investigation shows that the concentration of NOx in the exhaust gas is closely related to the peak cycle temperature and available amount of oxygen in the combustion chamber.
Sorathia et al, 2012, p.2

EGR is the most efficient and widely used system to control the amount of NOx produced, but other ways include, water injection and catalysts. Recycled water from the exhaust or external water tanks fitted, reduces the NOx emissions and decrease the specific fuel consumption as the water injection increases per kilogram of fuel (Sorathia et al, 2012, p.2).
Automotive emissions are currently one of the main contributors to the destruction of the atmosphere. These include NOx, C and CO as the main contributors, so by setting standards to reduce these it will therefore decrease the damage to the environment and the human population (No Author, 2016, p.1).

The new Euro 7 standards are set to be introduced within the next year and aim to target C emissions, to reduce C from the Euro 6 standards at 130 gm/km to the new Euro 7 at 95 gm/km. Future standards will constantly lower the target C emissions until automobiles are carbon neutral, and the most important and key way to achieve this is to introduce electrification into the powertrain (No Author, 2016, p.3-4).

5.4. Alternative Fuels

As the number of automotive vehicles on the road is ever increasing, the emissions produced are constantly climbing as well. As a result, to this factor, alternative fuels such as hydrogen, electrification and autonomous vehicles will soon be the future. “Global Autonomous Driving Market Outlook, 2018” predicts that autonomous vehicles will be over a $170 billion market by the year 2030 (Frost and Sullivan, 2018, p.1). As also stated by Boris Johnson, the sale of new polluting petrol and diesel cars will end by the year 2035, to respond to the climate emergency (Merrick, 2020). This means the years ahead will be very interesting for all manufactures in the automotive industry.

The future of the automotive market seems to be evolving ever quickly and each year manufacturer add more technologies to advance their vehicles to compete with other manufacturers. These factors are constantly making vehicles more complicated, with extra sensors and systems fitted (Menon, 2018, p.1). As said by Mary Barra, CEO of General Motors, “the auto industry will change more in the next five to ten years than it has in the last 50” (Frost and Sullivan, 2016, p.1).
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