Leighton Coughlin (1802971)                                                                                                                               
Emissions Control
University of Wales Trinity Saint David
School of Engineering
Leighton Coughlin (1802971)
Bsc Automotive Engineering
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1. Introduction
Since the dawn of the steam locomotive humans have been burning fossil fuels at an almost exponential rate. Fortunately, prosperity afforded to us by the use of fossil fuels has also allowed us to realise the detrimental impact burning hydrocarbon fuels has on the Planet. Although considerable effort has been made to reduce all Emissions from the transportation industry, it is a fact any ICE using hydrocarbon-based fuels will emit pollutants to a certain degree. It has been the treatment of said pollutants which have become the focus point for the automotive industry for a very long time however, for many manufacturers the direction is beginning to switch. Hybrid and electric vehicle sales are on the rise both due to customer demand and government legislation. Alternative fuels are also on the rise with a big push for the use of hydrogen fuel cells. The promise for these new solutions is great and like many other European countries the UK has proposed a ban on all new petrol and diesel engine only vehicles by 2035. This seems like a complete step in the right direction; however, the reality is whilst an electric vehicle doesn’t directly pollute the during operation, The Electricity is currently produced elsewhere through fossil fuels. As well as this, currently petrol and diesel engine vehicles dominate the wheeled transportation industry. This means the current infrastructure of the country must change drastically in order to accommodate this different mode of transportation.  It is for this reason that innovation in the reduction of emissions from fossil fuels is equally important as investment in alternative fuels/electrification if not more important until a more permanent solution has been adopted nationwide.

In this report attention is going to paid to the systems in place on passenger vehicles to try and reduce the pollutants emitted by the vehicle. There were five systems that were looked at in detail and these include EVAP, EGR, SAIR, PCV and the catalytic converter. These systems will be discussed looking at how they help to reduce emissions but also how the vehicle knows the systems are working. The air/fuel ratio will also be discussed as it plays a pivotal role in the Emissions produced during the combustion process. The systems relation to Euro 5 legislation will also be discussed as well as possible modifications required to meet the standard of Euro 6 and possibly Euro 7 legislation. To do this Individual research as well as a workshop session will be completed to gain insight into the different emission control devices. Speculation into the future of reducing emissions will also be discussed.
2. Research
2.1 Background
[bookmark: _Hlk34218577]The Burning of fossil fuels on a large scale first began in Britain during the industrial revolution. The steam engine as well as many other inventions played a key role in the country’s success. One Tristan Hughes explains (Hughes, 2018) The steam engine allowed both people and products to be transported around the country much faster than previously thought possible. This partnered with the fact that goods could now be produced faster, cheaper and arguably better thanks to standardisation meant that the demand for fossil fuels grew rapidly. This is clearly expressed bellow by two authors. (Rosser, Ritchie, 2018).
Figure 2


What the steam locomotive did to public transport, the steam powered car did to personal transport. Jim Motavalli writing in the book Forward Drive (Motavalli, 2000, p.4) explains, the success of the steam locomotive saw many engineers trial with many different methods of propulsion. Starting with the steam engine, companies such as Stanley and white saw great success producing iconic vehicles such as the Stanley steamer which in 1906 set a world record by achieving an average top speed of 126 mph. The invention of the rechargeable lead acid battery in 1859 also meant electric vehicles became practical. 
The US government website for energy explains (energy.gov, No Date) between 1900 and 1912, one third of all vehicles in the US were electric. However eventually the world settled with the internal combustion engine. Although the first ICE powered production vehicle was in 1886 it was the invention of the electric starter which brought about the ICE’s dominance. Now almost any man or woman was physically capable of driving, and that they did. The Benz Patent Motorwagen led the way in 1886 and now, in a recent study, 92.5% of all UK newly registered personal and commercial vehicles are powered using petrol or diesel as shown below. 

Figure 3
Market share of fuel types for newly registered cars in the UK








2.2. Pollutants
Now more than ever has the need for the reduction pollutants become apparent. However, the fear that pollutants create within our society isn’t new. Julia Martinez explains (Martinez, 2019) that as far back as the 1600s measures were being put in place to try and reduce pollution thanks to the thick smog that had become a signature landmark of London.  King James I tried to set up legislation which reduced the burning of coal; however, it would eventually prove in-effective as a lack of enforcement meant more and more coal was being burned each year. The real turning point began in 1952 with the great smog of London. As a direct result of the impenetrable smog, London came to a standstill with the deaths being in the thousands. Many deaths were caused by the poor visibility but also the reported cases of pneumonia and bronchitis also greatly increased. This led the British government to eventually release the CAA ( Clean Air Act 1956 ). This Attempted to clean up the pollution by restricting the use of coal as well as creating smoke free zones. It also gave incentives to members of the public to convert from a coal burner to natural gas, oil or an electric heater. This was a huge step in the right direction and although it only passed the buck to other fossil fuels, it played a major role in the rise of environmentalism.  

[image: ]Fast forward to the year 2009 and in the UK any light passenger / commercial vehicle is regulated by Euro 5 (Euro 5, 2009) which limits the amount emissions each vehicle can emit by setting specific limits for manufacturers to adhere to. This means that, as shown below, chemicals such has CO and NOx for both compression and spark ignition engines are limited to a specific mass per Km dependant on the pollutant. Figure 4


The five main chemicals which are monitored are the Total amount of hydrocarbons or THC, non-methane hydrocarbons or NMHC, carbon monoxide or C0, nitrogen oxides or NOx and PM or particulate matter. In addition to this, the Euro 5 Legislation aims to try and ensure that as the vehicle breaks and wears the level of emissions remains the same.

 ‘’in addition, this Regulation lays down rules for in-service conformity, durability of pollution control devices, on-board diagnostic (OBD) systems, measurement of fuel consumption and accessibility of vehicle repair and maintenance information’’ 
(Euro 5, 2009)

This Constant need for lower emissions set out by the legislation has led to great innovation within the emissions control device sector with more and more devices and monitoring systems being implemented. Some basic information on some of these systems will be discussed below.


















2.3. OBD and Self Diagnosis 
OBD or on-board diagnostics is now standard for all new vehicles in the EU. since January 2001 as expressed by Euro 3 (Euro 3, 2000) the OBD system version to be used was EOBD. OBD has progressed a lot since then and is basically a system within each vehicle, which allows the vehicle to monitor itself in the hope of detecting and preventing faults or reporting them to the driver. As vehicles become more complex, so to does the monitoring equipment. This tries to ensure that the increase in components doesn’t produce an increase in unreliability. Inside the ECU a variety of measured data is checked against expected values. This allows the ECU to monitor all of its actuators and sensors in Realtime. It also allows for some of the systems to be tested, like ABS, during the start of a trip. In some cases, if some of the sensors are giving completely incorrect readings, the ECU can also detect this and revert back to expected readings or use other forms of data to calculate the expected value. During this operation a vehicle will tend to operate in limp mode until the problem can be rectified. 

EOBD plays a very pivotal role when it comes to emissions. As shown below standards set out by Euro 3 (Euro 3, 2000) suggest that the emissions control devices on a vehicle must be able to monitor themselves so that when certain limits are exceeded the driver can be made aware. This means if serviced correctly a vehicle produced now will emit the same level of pollutants as it did in 20 years’ time.
[image: ]







Figure 5

2.3. Emissions Control Devices
2.4. EVAP
Evaporative emissions or tank ventilation is featured on almost all new spark ignition engines. The Bosch automotive handbook (Bosch, 2014, p 601) explains an evaporative emissions control system is in place to stop the vapours from the fuel tank caused by petrol, leaking to atmosphere. The Evaporative vapours consist of Hydrocarbons or HCs. This system is extremely important as Larry Carley explains (Carley, 2019) it doesn’t matter if a vehicle is in use or not vapours are still being produced 24/7. This leads to approximately 20% of all HCs emitted by a vehicle come from evaporative sources. As shown below, a typical EVAP system will consist of a fuel tank, vent lines, carbon cannister or EVAP cannister, purge valve, and any necessary sensors which change as the years progress to have better control and ensure the systems operation.

[image: ]









Figure 6










2.5. EGR
The EGR valve or exhaust gas recirculation valve aims to try and reduce the amount of Nitrogen oxides or NOx created during the combustion process. One author, James D. Haldeman (Haldeman, 2016, p 327) explains NOx is created when the Flame front within a cylinder reaches a temperature exceeding 1,370 degrees C. At this temperature oxygen and nitrogen combine within the cylinder to form NO and NO₂. when in the atmosphere these react with other HC’s. This process in turn produces ozone or O₃ which Pollutes the air, exaggerates conditions like bronchitis and asthma, as well as producing a red-brown haze over major cities.

In order to reduce the combustion temperature, Haldeman (Haldeman, 2016, p327) suggests the most efficient way without significantly altering the performance or other emissions is to recirculate the inert exhaust gas. This inert or chemically inactive gas does not participate in the combustion process thus lowers the peak combustion temperature and reduces any oxides produced. 

[image: EGR system diagram]Figure 7


2.6. Catalytic Converter
The function of a catalytic converter is to again try and reduce emissions leaving the exhaust. Haldeman states (Haldeman, 2016, p 344) It does this by acting as a catalyst. The converter will have inside it, chemicals such as palladium, platinum and rhodium. These chemicals help the oxidisation and reduction process but do not participate in the reaction itself. This allows for harmful chemicals such hydrocarbons, carbon monoxide and NOx to be converted into H₂0 and C0₂.  As shown below a three-way cat or TWC makes use of two chemical processes, oxidation and reduction.
[image: Image result for catalytic converter diagram 3 way]
Figure 8


The catalytic converter also makes use of an oxygen sensor. The Bosch handbook expresses (Bosch, 2014, p 153) that an oxygen or lambda sensor can measure the oxygen content present in an exhaust. With this information the ECU can adjust the air/fuel ratio to get as close to stoichiometric as possible. In all modern vehicles an oxygen sensor is present before and after the converter. One to monitor the oxygen content leaving the engine and one to ensure the converter is working. One way the emissions of a vehicle can be tested is by using
A five-gas analyser. This allows for the gasses leaving the exhaust to be tested and compared with the manufacturer’s specification. However, this doesn’t isolate the converter as the problem. One website (discount converters, no date) explains, a switch ratio test or oxygen storage capacity test can be used to check the efficiency of the converter. 




2.8. SAI
SAI or secondary air injection is used to help with the oxidisation process. Haldeman expresses (Halderman, 2016, p 339) As shown in the diagram above O₂ is required for oxidation. In order for this oxygen to be provided, air is injected either into the exhaust or the catalytic converter itself. The system will contain an AIR or thermactor pump which will either be belt driven or an electronically driven pump for newer vehicles. The system will then pump air through one or more distribution manifolds or nozzles into the exhaust at the hottest point possible, either in the exhaust manifold or the cylinder head itself. A simple diagram of this system can be found below. The system also features an exhaust check valve to stop the high flow exhaust gases going the wrong direction and damaging the pump.

[image: Image result for secondary air injection]











Figure 9









2.7. PCV 
[image: positive crankcase ventilation system and PCV valve](Halderman, 2016, p 335) PCV or positive crank ventilation has been a topic of discussion since the dawn of the ICE. This is in part due to the fact piston rings are not 100% effective and do not create a complete seal. This means that as the air/fuel mixture combusts and forces the piston down, some of the gases are forced past the seal created by the piston rings. These gases then form vapours which must be vented from the crankcase and not to the atmosphere as it contains hydrocarbons and carbon monoxide. To do this a similar solution for the EVAP system is employed. The crankcase vapours are first vented from the crankcase and then supplied to the induction system. The system will also have a device of some kind which will remove oil and water. This can either be a PCV valve, calibrated orifice or an orifice and separator. The system will also feature a PCV inlet filter and any required hoses.
Figure 10








3. Methodology
3.1. Safe Working Practises
In order to obtain some insight into how these emissions control devices operate some waveforms were produced using an oscilloscope. In order to ensure safe working practises when working on a live engine it is very important to follow the correct guidelines for the environment your in. The HSE or health and safety executive (HSE, 2009) express that, steel toe cap boots to protect your feet and overalls to protect your skin and clothes must be worn before entering the workshop. It is also very important to use protective eyewear to protect the eyes from any liquids or dust that may be encountered in the automotive workshop environment. Any loose accessories must also be removed such as jewellery, ties and watches to prevent them from being either snagged or coming off during testing.  The HSE also state that protective gloves can be used to stop the effects of dermatitis as well as hard hats to prevent damage from falling objects when working under a vehicle. Pictured below is an example of the correct PPE to be worn. 
[image: 
    screen_shot_2016-03-28_at_4.14.24_pm-1  ]





Figure 11


In the UK there is many health and safety laws which employers must adhere to. Regulations such as the workplace regulations (The Workplace, health, safety and welfare regulations, 1992) advises   businesses to provide employees which adequate facilities in the works place. These facilities include but are not limited to toilets, washing stations and a canteen to eat and rest. The regulations also state that at an employee’s workstation, the area must be safe, hygienic and well ventilated to ensure the safety of the employee.
3.2. Measurements 
As mentioned previously an oscilloscope was used to look at the different waveforms produced by the different systems. As expressed by Tom Denton, (Denton, 2000) The oscilloscope is very useful as it allows the plotting of voltage in real-time. This allows for the data to be visually displayed which makes it much easier to observe any weaknesses or strengths within said system. In order to be able to collect data from the vehicle a probe or probes are used in conjunction with an earth cable. As pictured below the probe used had a crocodile clip attachment which cuts into the wire and takes the signal that way however many other types of probes can be used. The earth cable is then attached to any suitable location which can provide a good ground or earth. Multiple circuits can also be monitored simultaneously. As shown below four different channels are in use and in the case of this report up to two channels were monitored simultaneously. The correct Time and voltage scales are also required to display the data as well as possible to make any problems with the data more easily detectable.  
[image: https://d9j5qtehtodpj.cloudfront.net/thumbnail/?image=0b2145da36ef11ea93680aa6ff135cff&maxWidth=800&fittedCrop=0&version=196112]









Figure 12


4. Results
4.1. Ford Engines 
4.1.1. Camshaft Phase Sensor 
[image: C:\Users\1802971\Downloads\89519236_546802042621941_8648598553863651328_n.jpg]Below is an image of the waveform produced by the camshaft phase sensor. The ECU uses this as a speed and load reference to subsequently know when to inject fuel into each cylinder. 











4.1.2. Injector 3 and 4 
Pictured below is a waveform produced by the earth via ECU for injector number 4 and 3 (pin 35 and 39). As expressed by Joe Bruzek (Bruzek, 2016) This is a great improvement upon the more traditional single point or throttle body injection, however, still has the inherent problem which any non-sequential injection system has. And that is that typical multipoint fuel injection systems inject fuel all at the same time or in groups.  This means that the air/fuel mixture can remain in the port for up to 150 milliseconds during idle. 

[image: C:\Users\1802971\Downloads\89313302_203080317699353_5438479944600518656_n.jpg]






4.1.3. Idle Speed Control Valve
[image: https://scontent-lhr8-1.xx.fbcdn.net/v/t1.15752-9/p1080x2048/89436426_1122964474716530_1661996470598893568_n.jpg?_nc_cat=109&_nc_sid=b96e70&_nc_ohc=6WbLFXS_MXMAX9GX4NE&_nc_ht=scontent-lhr8-1.xx&_nc_tp=6&oh=fb2ea897bc2de624539ce7fb71a32224&oe=5E9156D9]Below is the signal waveform produced by the pulsed side of the idle control valve (pin 21). As expressed by James Haldeman (Haldeman, 2016, p 295) any vehicle using fuel injection will control idle speed, by either decreasing or increasing the quantity air by-passing the throttle plate. This will either be through the use of a stepper motor or a solenoid operated valve. Pictured below is a solenoid operated valve which can adjust the amount of air coming through as the engine gets warmer. Once the engine is at operating temperature the amount of air let through will not change.























4.2. Ecotec Engine
4.2.1. EGR Solenoid valve 
[image: C:\Users\1802971\Downloads\89573703_247901272884726_5733807393431617536_n.jpg]The EGR valve, as mentioned before is used to try and reduce combustion temperatures which in turn reduce the amount of NOx created as well as reducing any knocking or pre-ignition. Although the system is great in principle, the first generation of these devices weren’t great. First generation systems would use the throttle being open as an indicator to open the EGR when realistically the system is only needed when combustion temperatures reach, as previously stated, temperatures exceeding 1,370 degrees C. 









4.2.2. Idle Speed Control Valve
Pictured below is the signal waveform produced by pin 52 of the Ecotec engine. It shows a solenoid operated Idle control valve allowing air into the engine during idle. Unlike the Ford engine the valve is a solenoid rather than a rotary valve. This means it has one position either on or off. This in turn means the engine will allow more air in until the engine reaches operating temperature as the colder air means a higher density of air. 
[image: C:\Users\1802971\Downloads\89025087_217732402749559_2234638296896503808_n.jpg]






5. Conclusion 
In conclusion, the limits set out by Euro 6 require very similar requirements to Euro 5. All that Euro 6 Asks is that manufacturers reduce pollutants even further with Euro 7 operating on a similar premise. The Governing body doesn’t suggest or require certain technologies to be implemented but simply sets out the limits which must be met. In order for all the engines above to meet said regulations then all the systems above must be implemented. EVAP, EGR SAIR, PCV as well as a catalytic converter are all essential. Sequential injection must be also implemented in order to achieve a much more efficient burn by getting as close to stoichiometric as possible throughout each cylinder. It would also be required that each engine be fitted with a rotary idle speed control valve in order to moderate the amount of air coming in during idle to better suit different conditions
In order to meet euro 6 and euro 7 however there is still more that needs to be done. Recently Koenigsegg revealed its first production example of a vehicle using free valve technology. The free valve website explains (Free Valve, No date) that although its current use is in extreme high-performance scenarios its use in reducing emissions are paramount. Not only reducing the engine weight due to it being a Camless engine but also allowing for complete control of valve lift, timing and duration. This also reduces the need for a throttle body as the air entering the engine can be controlled via the opening of the valves. With more stringent limits being put on manufacturers every year. it is only a matter of time until such systems can be incorporated into the mass market.
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procedure in Appendix I to this Annes. Tests are carried out a¢ the conclusion of the Type V durabliy testing,
When no Type V durability testing is carried out, or a the request of the manufacturer, 2 suitably aged and
cepresentative schicle may be used for these OBD demonstration test.

‘The OBD system must indicae the failure of an cmission-elated component or system when that filure resuls in
an increase in emissions above the limits given below
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Monitoring requirements for vebicles equipped with postive-igntion e
In stisying the requirements of 3.3.2 the OBD system must, at & mirimum, monitor for:

reduction in the effcincy of the catalytic conerter with respect (o the emissions of HC only;

the presence of engine misfie in the engine operating region bounded by the following lincs:

(2) 8 maximum specd of 4 S00min or 1000 mir! geeater than the highes speed occurring during a Type I test
Cycle, whichever s the lower;

(b)the positive torgque line (.. engine load with the transmission in neutrall

€) 3 lne oining the following cngine operating poins: the positve torque line at 3 000 min" and  point on the
maximum specd line defined in (a) above with the cngine’s manifold vacuum at 13,33 kPa lower than that at
the posiive torque line.

oxygen sensor deteroration

other cmission conteol system components or systems, or cmission-related powertrain componcats or systems
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until the engine s started, is warm and is being driven. The PCM then opens the canister purge valve,
which allows intake vacuum to siphon the fuel vapors into the engine. The charcoal canister is connected
1o the fuel tank via the tank vent line. Under normal circumstances, the EVAP canister causes few
problems. Since the charcoal does not wear out, it should last the life of the vehicle.

The most common problem with the EVAP canister is a faulty purge control or vent solenoid. Vacuum-
type purge valves can be tested by applying vacuum directly to the purge valve with a hand-held vacuum
pump. The valve should open and not leak vacuum f it is good. With solenoid-type purge valves, voltage
can applied directly to the Solenoid to see if the valve opens. The resistance of the solenoid can also be
checked with an ohmmeter to see if it is open or shorted

The purge control strategy on many late model EVAP systems can get rather complicated, so the best
advice here is to look up the EVAP diagnostic procedures in the OEM service literature

The OBD Il EVAP monitor tests the fuel system for vapor leaks.
O0BD2 EVRAP SYSTEM MONITOR ::ico oo
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EVAPORATIVE EMISSIONS & OBD2

On 1996 and newer vehicles, the OBD2 system monitors the fuel system for fuel vapor leaks to make
sure no hydrocarbons are escaping into the atmosphere. The EVAP monitor does two things: it verifies
there is airflow from the EVAP canister to the engine, and that there are no leaks in the fuel tank, EVAP
canister or fuel system vapor lines.

‘The OBD2 EVAP monitor runs once per drive cycle and only when the fuel tank is 15 to 85% full. The
EVAP monitor uses a "purge flow sensor” to detect leaks as small as 040 inches in diameter on 1996-99
models, and as small as 020 inches on most 2000 and newer vehicles.
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