[image: ]
University of Wales
Trinity Saint David
School of Engineering
Real World Powertrain Analysis
Xiaotong Jiang
1904747
Level 6
22/03/2020
Powertrain and Sustainability
M6X01206



Content
1.Introduction	3
2.Vehical Data from the Application Software	4
2.1 Analyzing and deleting the unnecessary data from test	4
2.2 The accuracy of the data from vehicle test	5
3. Comparisons of different aspects in different vehicle types	8
3.1 Engine load	8
3.2 Drivability	9
3.3 Efficiency	10
3.4 Performance	11
4. Modeling vehicle based on the initial data	13
4.1 Hybrid electric vehicle	13
4.2 Vehicle stop-start system	13
4.3 Kinetic energy recovery system (KERS)	14
5 Reasonable Vehicle Specification	15
5.1 Technology	16
5.2 Other parameters	17
6.Conclusion	18
Reference	19



[bookmark: _Toc35820658]1.Introduction
The report is based on the 3 vehicle tests from Toyota, Volvo and Triumph Tiger. These three vehicles were put under the condition that they drove the same 30km road including motorway, urban area etc. The data were outputted and gathered which were provided for the author to analyze the performances from different aspects like engine load, drivability etc.
Firstly, the author sorted out the data to shorten the large quantities of data. Meanwhile, the author could validate the accuracy of the relative data according to the technical specifications of 3 vehicles.
Then comparing the parameters amongst three vehicles’ data, the author could deeply understand the factors which affect the relative performance or ability, and also draw the conclusion after analyzing different types of the vehicles.
In addition, deeper research and investigation could be applied to make the author have a comprehensive knowledge of the vehicles performance and technologies applied into the vehicle. The author needs to model a vehicle based on the initial data which should also be suitable for the daily commuting journey. 
Finally, one novel and curious task should be taken that the author need to design the special vehicle specifications for the ‘drive cycle’ but also need to take the economic and political factors into consideration.



[bookmark: _Toc35820659]2.Vehical Data from the Application Software
[bookmark: _Toc35820660]2.1 Analyzing and deleting the unnecessary data from test
Three vehicles were tested under same testing condition which includes motorway, city driving etc. And all the ‘daily drive cycle’ data were recorded and outputted via OBDII port, which can be obtained from the task delivery
Because the author did not have the license of the special software, data file from excel can be used directly.
Throughout the data, it covers some aspects of the vehicle which is recorded with quite big numbers of frame times – accelerations, vehicle speed, data from GPS sensor, parameters of fuel, engine etc. Large quantities of data need to be sorted and unnecessary one should be deleted.
[image: ]In each excel, some parameters appear ‘N/A’ shown below which means it is not applicable and cannot be obtained. Hence, the author deleted all the data which just has a N/A data.
Table2-1 N/A example
Also, some parameters show the same value in 3 vehicle testing data.
[image: ]As the figures show below,

[image: ]Table2-2 Same value of the parameters
The parameters like the two above are all the same amongst the 3 vehicles data because they are the settings and would not be changed. Hence, these parameters like the above two can be deleted.
[bookmark: _Toc35820661]2.2 The accuracy of the data from vehicle test
The tutor provided the author with the technical specifications of these three vehicles. And the author compared the raw data with specifications to validate the accuracy of these data.
2.2.1 Maximum vehicle speed
(1) Toyota 

       
	
	Toyota

	Maximum speed from specification (km/h）
	159.3

	Maximum speed from test (km/h)
	112


Table2-3 Maximum speed comparison(Toyota)
The speed from test is lower than that from specification, which is reasonable and accurate.
(2) Volvo
	
	Volvo

	Max speed from specification (km/h）
	190

	Max speed from test (km/h)
	119


Table2-4 Maximum speed comparison(Volvo)
Reasonable.

(3) Tiger
	
	Tiger

	Max speed from specification (km/h）
	196.3

	Max speed from test (km/h)
	118


Table2-5 Maximum speed comparison(Tiger)
2.2.2 Maximum torque and power
(1) Toyota 
	
	Toyota 

	Max torque and power from specification (Nm)
(hp)
	95
69

	Max torque and power from test (Nm)
(hp)
	65
29


Table2-6 Maximum torque and power comparison(Toyota)
(2) Volvo
	
	Volvo

	Max torque and power from specification (Nm)
(hp)
	280
120

	Max torque and power from test (Nm)
(hp)
	335
117


Table2-7 Maximum torque and power comparison(Volvo)
The max torque data from test is beyond the maximum value the vehicle can achieve, it is not accurate.
(2) Tiger 
	
	Tiger

	Max torque and power from specification (Nm)
(hp)
	79
93.9

	Max torque and power from test (Nm)
(hp)
	51
47


Table2-8 Maximum torque and power comparison(Tiger)
2.2.3 Average fuel consumption


(1) Toyota
	
	Toyota

	Average fuel economy/consumption from specification (mpg)
	68.9

	Average fuel economy/consumption from test (mpg)
	51.0


Accurate.
Table2-9 Fuel consumption comparison(Toyota)
(2) Volvo
	
	Volvo

	Average fuel economy/consumption from specification (l/km)
	3.7

	Average fuel economy/consumption from test (l/km)
	10.9


Table2-10 Fuel consumption comparison(Volvo)
Accurate.
(3) Tiger
	
	Tiger

	Average fuel economy/consumption from specification (mpg)
	53

	Average fuel economy/consumption from test (mpg)
	28.7


Table2-11 Fuel consumption comparison(Tiger)
Accurate.



[bookmark: _Toc35820662]3. Comparisons of different aspects in different vehicle types
Since the entire data of three different vehicles have been provided, contrasts can be applied to evaluate how they behave in different aspects of engine load, drivability, efficiency and performances when the fuel economy figures they provide are the same.
[bookmark: _Toc35820663]3.1 Engine load
Engine load means the torque or power output of the engine. 
[bookmark: OLE_LINK1]3.1.1 Intake manifold absolute pressure
Torque is proportional to the force applied to the piston, which is proportional to the amount of air burning in the combustion chamber. Hence, the engine load is related to the amount of the air absorbed in the engine.
Intake manifold absolute pressure is the measurement of the changes in absolute pressure (vacuity) in the intake manifold according to the load status of the engine(Jiang, 2007, pp.22-23).
Barometric pressure is measured 99kPa which can be found from the data. When engine is running, the suction effect caused by the downward movement of the piston during the intake stroke makes the intake manifold pressure lower than barometric pressure. And when the pressure gets higher, the engine load respectively increases.
Through the testing data from Toyota, Volvo and Triumph Tiger during the 30km driving, the pressure data are sorted as followed.
	Intake manifold absolute pressure
	Toyota
	Volvo
	Triumph Tiger

	
	Timestamp
(ms)
	Pressure
(kPa)
	Timestamp
(ms)
	Pressure
(kPa)
	Timestamp
(ms)
	Pressure
(kPa)

	Minimum
	5.6
	19
	11.8
	40
	9.2
	31

	Maximum
	29.5
	100
	61.7
	209
	28.9
	98


Table3-1 Intake manifold absolute pressure
Hence, Volvo shows the largest amount of pressure which indicates the biggest engine load. And Triumph Tiger shows the bigger engine load than that of Toyota.


3.1.1 Calculated engine power & torque
From the data, calculated engine power and torque can be found to compare the engine loads. 
	power
	Toyota
	Volvo
	Triumph Tiger

	
	Timestamp
(ms)
	power
(hp)
	Timestamp
(ms)
	power
(hp)
	Timestamp
(ms)
	power
(hp)

	Minimum
	527
	1
	1393052
	1
	645
	3

	Maximum
	1264786
	29
	576451
	117
	682637
	47

	Torque (ft.lb)

	Minimum
	7
	8
	16

	Maximum
	65
	335
	51


Table3-2 Maximum power and torque
Obviously, the same conclusion is drawn.



[bookmark: _Toc35820664]3.2 Drivability 
The term drivability indicates the driver's complex subjective perception of the interaction between the driver and the vehicle in relation to forward acceleration. Hence, it means the vehicle’s handling performance and stability.
3.2.1 Lateral acceleration
The lateral acceleration represents the tendency which vehicles may drive off the road because it indicates the acceleration caused by centrifugal force which is generated during the turning period of the vehicle.
From the data, the absolute largest lateral acceleration which can reflect the lateral stability when driving can be found for the comparison.
	Toyota
	Volvo
	Triumph Tiger

	0.53Gs
	0.98Gs
	1.14Gs


Table3-3 Lateral acceleration
Hence, Tiger shows lower drivability in the aspect of lateral acceleration during the turning period.
3.2.2 Calculated vehicle pitch
Since the vehicle pitch and relative parameters are given, the author calculated the maximum pitch angle amongst these three vehicles.
(1) Toyota



(2) Volvo



 (3) Tiger



For the motorcycle Tiger, it only has two wheels and more flexibility than other two vehicles. Obviously, it may show lower drivability than others.
[bookmark: _Toc35820665]3.3 Efficiency
Generally, vehicle efficiency means the fuel economy performance. According to the fact that these 3 vehicles provide the same fuel economy figure, and through the data it indicates that they all use the same fuel.
[image: ]From the specifications of these 3 vehicles, theoretical fuel consumption can be searched. Firstly, for Toyota, 
Figure3-1 Fuel consumption(Toyota)
[image: ]For Volvo, 
Figure3-2 Fuel consumption(Volvo)
[image: ]For Tiger,
The author applies these data into a unified unit mpg for the following comparison.

Figure3-3 Fuel consumption(Tiger)

Nevertheless, these three vehicles deliver the 501mpg fuel consumption data. For Toyota and Volvo, they can respectively use per gallon fuel to drive 68.9 and 76.3 miles which are more than how far Tiger can achieve. And as the values get bigger, vehicles will get better economic performance and also save fuels. 
The driving behavior may subtly influence the data. For instance, vehicle speed is an important factor which affect the fuel economy. When the vehicle keeps the medium speed close to lower speed, the efficiency may become high. Also, if the vehicle keeps long time for idle speed, it has the capacity of rapidly increased the fuel consumption.
From the data, Toyota and Volvo kept more time for idle speed than Tiger which led to the consequence that they didn’t fully realize their high fuel economy and their efficiency are lower than Tiger.
[bookmark: _Toc35820666]3.4 Performance
Vehicle performance means the motion of a vehicle. The evaluation of the vehicle performance is equal to evaluate the power performance. Three criteria can be proposed to study- maximum vehicle speed, acceleration time and climbing ability.


3.4.1 Maximum vehicle speed and displacement
From three vehicles’ technical specifications, maximum vehicle speeds are marked and the author compared these data in the unified units.
	
	Toyota
	Volvo
	Tiger

	Maximum speed from specification (km/h）
	159.3
	190
	196.3

	Maximum speed from test (km/h)
	112
	119
	118


Table3-4 Maximum speed
Comparing four-wheel-vehicles firstly, the author found Volvo has better motivation than Toyota and from common sense maximum vehicle speed for Toyota is low and not suitable for long-distance driving, since it has only 3 cylinders and small engine displacements.
	
	Toyota
	Volvo
	Tiger

	Displacement 
	1.0
	2.0
	0.8





Table3-5 Displacement
For the motorcycle, Tiger has three-cylinder engine and its displacement is 799cc which indicates a quite strong powerplant and stable power delivery.
3.4.1 Acceleration time
The vehicle technical specification shows the acceleration time from 0km/h to 100km/h which can vividly indicate the power performance.
[image: ]For Toyota,
Figure3-4 Acceleration time(Toyota)

[image: ]For Volvo,
Figure3-5 Acceleration time(Volvo)

Volvo shows a better power performance than Toyota.


[bookmark: _Toc35820667]4. Modeling vehicle based on the initial data 
The author chose Volvo V40 as the research object to apply technology or change some parameters to realize an ideal commuting vehicle for daily 60km driving which is based on the initial 30km driving data from GPS.
From the data which GPS recorded, the altitude ranged from 6m to 221m which means the vehicle needs to commute up and down the hill. Hence, the vehicle, to a large extent, is obliged to have a good climbing ability. 
In addition, reducing fuel consumption and harmful greenhouse gas emissions contributes to the better environment. For a daily commuting car, electrical and hybrid and other relative methods could be taken into account.
[bookmark: _Toc35820668]4.1 Hybrid electric vehicle
The electric motor of a hybrid electric vehicle is powered by a battery and meanwhile the battery is charged by the gasoline engine. But the engine only works one time. H.E.V.'s recapture lots of energy that regular cars just throw away (Lake, 2010).
Hybrid electric vehicle could be an efficient way to reduce the fuel consumption to increase the fuel economy. For instance, with respect to a normal car, braking may convert the kinetic energy into heat and noises could appear in the brake pads. For hybrid electric vehicles, when tapping the brake pedal, the motor generator is touched and works, and then recharges the battery. (Lake, 2010).
Considering the condition that during daily 60km route including going up and down hills, the hybrid electric vehicle can make the energy which is used to up or down hill and idle recycled by the battery.
Also, the vehicle needs to drive through the urban area, hybrid electric could realize zero emission because the battery can individually drive the car.
However, using this device may increase the car weight because of the battery weight. The author proposed the advice that Aluminum can be applied to the material of structure instead of steel to reduce the weight.
[bookmark: _Toc35820669]4.2 Vehicle stop-start system 
The vehicle stop-start system is targeted to cut fuel use and eliminate emissions. When the vehicle stops at rest, the engine will be switched off to save fuel use and reduce the idle emissions. It can also restart the engine automatically when the driver starts to leave the brake pedal or touches the clutch to select 1st gear and start driving 
(Edmunds, 2014).
The vehicle normally drives through the urban area and even metropolitan, busy and heavy traffic causes many stops and the vehicle may keep a long time for idling speed, which simultaneously consumes lots of fuel. Hence, this technology could be applied to this vehicle according to the condition.
[bookmark: _Toc35820670]4.3 Kinetic energy recovery system (KERS) 
[image: ]Generally, hybrid and electric vehicle will be equipped with the kinetic energy recovery system. It serves as a link between the gasoline engine and battery. As it mentions above, when driver touches the braking pedals, the vehicle needs to slow down and brake, and the kinetic energy could be absorbed and converted to electric energy which is stored in the battery by KERS. And when the vehicle is accelerating, the energy will be released which is beneficial for the efficiency and power ability.
Figure4-1 KERS schematic (Batalha,2012)





[bookmark: _Toc35820671]5 Reasonable Vehicle Specification
In order to determine produce a specific vehicle for this ‘Drive Cycle’ which is realizable and reasonable in the economic and political aspects, vehicle specification need to be determined through the contemporary technology and research.
For the Volvo, 
	ENGINE
	Plug-in hybrid powertrain system

	Type
	In-line 4 cyl; diesel engine  PHEV

	Configuration
	4WD

	Displacement
	1969cm*cm*cm

	Bore 
	82mm

	Stroke 
	93.2mm

	Engine management system
	Electronically controlled common rail direct injection

	Engine idling speed
	850rpm

	Fuel, rec. Octane
	diesel

	Max output 
	110 kW 

	Max torque 
	350 Nm 

	Max engine speed
	5000rpm

	First Gear 
	5,250

	Second Gear   
	3,029

	Third Gear
	1,950

	Fourth Gear
	1,457

	Fifth Gear
	1,221

	Sixth Gear
	1,000

	Seven Gear
	0,809

	Eight Gear
	0,673

	Reverse Gear
	4,015

	Performance 
	Automatic

	Acceleration，0-100 km/h, sec
	9 sec 

	Top speed
	195 km/h

	Fuel consumption
	150mph (WLAP)

	Electric 
	

	Battery type
	Lithium-lon battery

	Charge time AC 2.3kW SOC
	5h

	Technology 
	

	Braking system
	Antilock Braking System (ABS) with Electronic Brake Distribution (EBD) and Electronic Brake Assistance (EBA)

	
	Stop-start system

	
	Electronic Stability Program (ESP)

	
	Hybrid propulsion system PHEV with KERS


Table5-1 Specification determined
[bookmark: _Toc35820672]5.1 Technology
(1) Plug-in hybrid powertrain system with KERS
[bookmark: OLE_LINK2]Passat GTE Saloon & Estate adopts this technology which is driven by both a zero-emission electric engine and a traditional 1.4L engine, and it can accelerate from 0 to 62 mph in 7.2 seconds which means the power performance increases (Volkswagon, 2019). 
There was a new car emissions testing called WLTP instead of NEDC, and the fuel consumption and CO2 emissions of Passat are about 200mph and 31g/km (Volkswagon, 2019).
For PHEV, it may be suitable for the condition which involves: town or city driving, commuting, short to medium journeys (20-30 miles) (Fuel Type & Powertrain Technology - SMMT, 2020).
Hence, the author designed PHEV and KERS to maximum its zero-emission ability, reduce the fuel consumption and improve the power ability. It’s an improvement from traditional start and stop technology because it has the ability of switching to electric before the car comes to a complete stop, and then assist the engine when accelerating (Discover the Hyundai Tucson - SUV Range | Hyundai UK, 2020).
 (2) ABS with EBD and EBA
 It is common that ABS is applied in the vehicles, but EBD and EBA are also helpful during driving. For EBA, it assists braking only during the emergency. An emergency condition is pre-programmed and can be recognized by the force and speed of braking behaviors applied by the driver, and the speed of the car. The EBA comes into action within milliseconds and ensures full braking force is generated regardless of the pressure that has been applied by the driver (Vig, 2020). And for the function this special vehicle serves as, it may drive through the motorway with high speed.
[bookmark: OLE_LINK3](3) Stop-start system and ESP
ESP can serve as a function to assist ABS to control the vehicle out of danger. Stop-start system and ESP can respectively increase fuel economy and stability, 
[bookmark: _Toc35820673]5.2 Other parameters
(1) 4-wheel driving instead of front-wheel driving increases the handling ability and stability for cross-country.
(2) Maximum torque, vehicle speed and power contributes to the better power ability considering the special car need to drive 60km road with uphill and downhill.
(3) 8 speed automatic transmission. It appears in the 2018 Volvo V60 vehicle which has high power ability and stable transmission. 





[bookmark: _Toc35820674]6.Conclusion
The author did the task from the easy data analysis to a comprehensive question which may lay a solid foundation for the general knowledge and even cultivate the author’s creativity and competence of thinking question comprehensively.
Throughout the task, comparisons amongst three vehicles show that Toyota Aygo has good economic and practical performance and fuel economic even though it may be lack of sufficient power or endurance to uphill or long-distance driving, considering this vehicle is small. And Volvo shows a normal cross-country ability and performance. Finally, for the motorcycle-Tiger, it has a high speed and low fuel consumption, but it is a little bit difficult for handling the motorcycle.
The author learned about many new technologies of cars and their corresponding functions and scope of application, which may be beneficial to understand the trend and contemporary topic of the vehicles.
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