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1. Introduction
This assignment focuses on real world’s application about powertrain analysis. It devides into two main parts: with the help of Scan XL software, the first part will compile and process a set of raw data files about typical daily ‘drive cycle’ gathered from 3 different vehicle’s OBDII port. The test data included every road conditions via daily commute and each car had the same route in order to find out the difference between their powertrains. Besides, with offcial specification about 2016 Toyota Aygo 1.0 VVT-I hatchback, 2016 Volvo V40 Cross-Country D2 and 2011 Triumph Tiger 800 XC, this assianment will mainly concentrate on engine load, drivability, effciency and performance between gasoline and diesel, cars and motorcycle.
The next part author will demonstrate an ‘ideal’ vehicle model for 60km daily commute based on Toyota Aygo. It had equipped a plug-in Toyota Hybrid System in order to get lower fuel comsumption and better performance. Based on 2019 Toyota Camry sedan car, the modified 3 cylinder engine adopted Atkinson cycle to match the electrical motor. Finally,the assignment will provide a specification about the ‘ideal’ vehicle model and illustrate the source of the powertrain data.
[bookmark: _Toc29083320]2. Raw data processing
Here is the simplified raw data from Scan XL. From these tables, the information about test journey could be displayed in an easy-to-understand way:
[image: ]
[bookmark: _Hlk35786936]Table-1-1  Triumph’s simplified raw data
[image: ]
Table-1-2  Triumph’s simplified raw data
[image: ]
Table-1-3  Triumph’s simplified raw data
[bookmark: _Hlk35790727]The data showed that Triumph’s maximum accleration was 0.325g, while the peak engine power of 34.943kW was output at wheels. The average speed was 50km/h, with the maximum value about 119km/h.
[bookmark: _Hlk35789448][bookmark: _Hlk35790561]After the 31.2 km journey, a total volume of 2.6 litres of fuel was comsumed. It could be calculated that the average fuel economy was 8.33L/100km, which was close to the value about 8.4L/100km (28mpg) calculated by the software. Compared with the official data (53mpg), there was about 89% error. 
[image: ]
[bookmark: _Hlk35792197]Table-2-1  Volvo’s simplified raw data
[image: ]
[bookmark: _Hlk35789918]Table-2-2  Volvo’s simplified raw data
[image: ]
Table-2-3  Volvo’s simplified raw data
[bookmark: _Hlk35790948]The Volvo’s total moving distance was 30.7km, which consumed 4.4 litres diesel. With a maximum accleration of 0.273g and an average speed of 57km/h, the fuel consumption was 14.5L/100km (16.3mpg) for the result. Compared with official data (60.3mpg), the 270% error was shockingly to see. Unless it was driven very intensely, or else the data had something wrong.
[image: ]
[bookmark: _Hlk35792216][bookmark: _Hlk35794692]Table-3-1  Toyota’s simplified raw data
[image: ]
Table-3-2  Toyota’s simplified raw data

[image: ]
Table-3-3  Toyota’s simplified raw data
Toyota had completed the 30.9km journey with only 1.4 litres of fuel. For a maximum speed of 112km/h and 58km/h in average, it had achieved a 4.6L/100km (51.3mpg) fuel consumption. Compered with official data (67.3mpg), the error was about 31%.
For the result of the test, Toyota was the most fuel-efficient vehicle without doubt. There was a huge error in Volvo’s test and the validity of the data needed to be checked.
3. Comparison between different vehicle types
The form below is part of the official data from auto makers, some unnecessary information was removed:
[image: ]
[bookmark: _Hlk35794847]Table-4-1  Simplified official vehicle data
[image: ]
Table-4-2  Simplified official vehicle data
[image: ]
[bookmark: _Hlk35796017]Table-4-3  Simplified official vehicle data
[bookmark: _Hlk35598833]3.1. Engine types
Among these vehicles, both Toyota Aygo 1.0 VVT-I and Triumph Tiger 800 XC were equipped a 3 cylinder 12-valve petrol engine. However with the shorter stroke and higher compression ratio, even Triumph had smaller engine displacement than Toyota (799cc& 998cc), it could reach higher RPM to squeeze more horsepower (93.9bhp& 69bhp). Nevertheless, by the displacement limit, the maximum torque in Triumph was slightly inferior (79Nm& 95Nm).
Volvo V40 Cross-Country D2 was the only diesel vehicle in this comparison. Under the hood was a 1969cc 4 cylinder turbo diesel engine with 16-valve. It was shocking to see that with twice or more engine displacement than Toyota and Triumph, Volvo had the same fuel economy.
[bookmark: _Hlk35618819]Scan XL software was applied in order to find out different engine’s characteristics while working. Figures below illustrated the working condition when engines were idling:
[bookmark: _Hlk35772577]When Toyota was idling, engine outputs 2hp and 10lb.ft, with 850rpm. 
[image: ]
[bookmark: _Hlk35794953]Figure 1  Toyota idling data
[bookmark: _Hlk35772782]When Volvo was idling, engine outputs 10hp and 65lb.ft, with 823rpm. 
Compared with Toyota, both power and torque had an obvious growth.
[image: ]
Figure 2  Volvo idling data
When Triumph was idling, engine outputs 5hp and 24lb.ft, but the engine speed increased to 1194rpm.
[image: ]
Figure 3  Triumph idling data
It can be seen that Toyota and Volvo had lower idling speed than Triumph, which means better fuel economy. With the same idling speed, Volvo had 5 times output power and 6.5 times output torque more than Toyota, which indicates that Vovlo had better power reserve when moving off. In order to keep the enging running, Triumph must use higher revolving speed because the construction of bore and stroke determined that.
[bookmark: _Hlk35598933][bookmark: _Hlk35796849]3.1.1. Engine load and efficiency
Internal combustion engines, used for driving not only at full load, but mostly at the part load. For previous study, the minimum fuel consumption rate usually occurred when the percentage of engine load more than 50%, no matter gasoline or diesel.
[bookmark: _Hlk31814360][image: ]The engine load characteristic curve on the left demonstrated how fuel consumption and fuel consumption rate  vary as engine load. When the vehicle was idling,  tended to be infinity. However with the engine load proportion became bigger,  dropped down and would reach the minimum value point which was the most efficient working condition of the engine. At this point, although went higher comparing with low engine load area, fuel consumption per Ps was minimal. 
[bookmark: _Hlk35795487]Figure 4  Engine’s load characteristic curve
For example, after daily ‘drive cycle’ test, Toyota Aygo had an average absolute load value about 45.1%, which was not in the most fuel-efficient interval. For Volvo and Triumph, even if the load value was not be shown, there was a huge room for improvement because their actual fuel consumption acted significantly worse than that they claimed. Thus it could be seen that increasing the load of the engine appropriately could improve the efficiency.
Increasing compression ratio was an effective method to improve efficiency as well. Since gasoline burns much faster than diesel, an excessive compression ratio can cause engine detonation. The official data proved that Volvo’s diesel engine had highest compression ratio (16.0:1), far more than gasoline-powered Toyota (11.5:1) and Triumph (12.0:1). 
[bookmark: _Hlk35796873]3.1.2. Engine performance
In this study, each engine had a DOHC design so that intake efficiency power could be improved. Besides, it was helpful to drop down fuel consumption at high RPM.
As an economy vehicle, Toyota Aygo was proud of its VVT-I system. The biggest characteristic of the system was that the intake camshaft could be controlled according to the state of the engine, and the timing of the valve distribution could be optimized by adjusting the camshaft rotation angle in order to obtain the best timing of the valve distribution, so as to increase the torque in all speed ranges and improve the fuel economy, thus effectively improving the performance of the vehicle. With these efforts, it became the most economical car in the comparison.
Volvo was the most powerful vehicle among them. With the help of the turbocharger, the pump wheel was driven by the exhaust-driven impeller to send more air into the engine, thereby increasing the power of the engine and meanwhile reducting the fuel consumption of the engine. Diesel engine preferred outputting big torque in very low RPM and turbocharger made this feature more obviously.
On the contrary, Triumph’s engine needed higher RPM in daily driving in order to get its power. It also had the highest volume power and the lightest body so that it could produce the greatest forward acceleration of the three.
3.2. [bookmark: _Hlk29152755]Drivability
Drivability could be understand as handling, which was mainly reflected in lateral acceleration in corners and vehicle ride comfort.
Above all, an impact that could not be neglected on drivability was tyres. On the one hand, wider tyres and larger wheeltrack benefitted the stability: Volvo had the best tyres for handling, whether its 225mm tyre width or front track and rear track. Considering that Triumph was a motorcycle, tire width was the only thing to care about. On the other hand, greater tire flatness ratio means better comfort: whether Toyota or Triumph had a bigger flatness ratio than Volvo, which means when judged by comfort, Volvo's tyre performance was no longer bright.
Furthermore, the influence of suspension could not be ignored as well. For Toyota and Volvo, both two cars had adopted MacPherson strut at front because it had low cost and simple structure. However it also had small transverse stiffness and poor stability as well. In Volvo’s official data, they said that hydraulic shock absorbers and stabilizer bar were used in order to overcome the drawbacks.
However, in the treatment of the rear suspension, Toyota had adopted a simpler and lower-cost torsion beam suspension. Although it had better bearing capacity, the limit of the compression stroke of the spiral spring of the torsional beam suspension was limited by the torsional beam so that it became difficult to control the roll of the body. Inversely, the independent suspension in Volvo was more expensive and complicated, but it increased the floor performance of tires, which could improve the grip to improve the maneuverability and comfort of the vehicle.
Suspension mounted on a motorcycle had totally different construction. For Triumph’s upside down forks front suspension, although the cost was more expensive than the vertical front forks, it was helpful to reduce the unsprung weight and increase torsional rigidity so that it made the motorcycle lighter and more sensitive to control. For monoshock rear suspension, with the help of remote oil reservoir, hydraulically adjustable preload and rebound damping adjustment, not only handling, but also comfort had been improved.
4. Ideal vehicle model for 60km daily commute
After the comparison between 3 vehicles, Toyota Aygo was chosen to be the start point to model an ideal vehicle. It was fuel-efficient, small enough to drive or park in city center, cheap to maintain and usable in bad weather.
The original powertrain of the car was economical but not powerful and efficient enough. The alternative solution was a Toyota Hybrid System (THS) which mainly consisted of two motors (including generator), an engine and a set of power distribution devices.
[image: ]
Figure 5  The structure of THS
The power control unit (PCU) would rely on complex calculations to make engine and motors working together. While in cruising condition, THS provided most of the power source by electric motor which had larger and more direct touque. When the car was in high speed, engine would act as the protagonist to provide a stable power output platform, at which time the motor was mostly auxiliary output.
The output energy would more than the vehicle need when engine was in high revs. The extra power would be transferred through engine, power split device, generator and PCU to store in battery.
The motor would be driven by wheels when vehicle slowing down or braking. At that time the motor would be used as a generator. The energy stored in battery would help to drive the vehicle while overtaking or climbing.
To make the entire system work smoother, the new 3 cylinder engine would be modified with a pendulum-type double-mass flywheel with an absorbent, which effectively absorbs the engine torsion vibration. The gearbox would be replaced by an E-CVT transmission as well. Different from the original one, it would combine a planetary gear set with an auxiliary motor to achieve a non-polar adjustable transmission ratio.
To improve the engine thermal efficiency, the modified engine would replace Otto cycle by Atkinson cycle. With some modification such as antifriction coating, rolling antifriction and efficient transmission technology, the power defect of Atkinson cycle would be overcome to the maximum. Beyond that, automatic start-stop technology would have a positive effect on fuel consumption, especially in rushing hours.
In lightweight design, the engine would use a large number of aluminum and composite materials to rebuild, the lighter weight could not only further reduce fuel consumption, but also improve the flexibility of the head, reduce the phenomenon of understeering. 
Because plug-in hybrid system had high requirements for battery capacity, a  Lithium-ion battery would be installed under the floor, which would bring a lower center of gravity and improve the limitation of lateral acceleration. Suspension would remain the same because it was enough for daily commuting.
5. [bookmark: _Hlk35796055]Specification for ‘ideal’ vehicle model
	[bookmark: _Hlk35725442]Toyota Aygo Hybrid 5dr Hatchback

	ENGINE

	Type
	[bookmark: _Hlk35723807]1.0-litre VVT-i Atkinson cycle

	Configuration
	3-cylinder, in-line

	Valve mechanism
	12-valve DOHC, chain drive

	Displacement (cc)
	998

	Bore x stroke (mm)
	71 x 84

	Compression ratio
	13.5:1

	Max. power (bhp/kW @ rpm)
	63/46 @ 5,250

	Max. torque (Nm @ rpm)
	88 @ 3,750-5,250

	Cylinder body material
	Aluminium alloy

	Cylinder head material
	Aluminium alloy

	MOTOR

	Type
	Permanent magnet synchronous motor

	Max. power (bhp/kW )
	56/41

	Max. torque (Nm)
	125

	Battery type
	[bookmark: _Hlk35720182]Lithium-ion battery

	Battery capacity
	5.2kwh

	Hybrid type
	PHV

	OVERALL OUTPUT

	Max. power (bhp/kW )
	87/64

	Max. torque (Nm)
	180

	BRAKES

	Front
	Ventilated discs, 247 x 20mm

	Rear
	Drums, 200mm inner diameter

	SUSPENSION

	Front
	MacPherson strut

	Rear
	Torsion beam

	STEERING

	Type
	Rack and pinion, electric power steering

	TRANSMISSION

	Type
	E-CVT non-polar transmission

	Gear ratios
	N/A

	Differential gear ratio
	3.550

	PERFORMANCE

	Max speed (mph)
	95

	0-62mph acceleration (sec)
	10.5

	Braking distance 62-0mph (m)
	38.4

	FUEL CONSUMPTION

	Combined (mpg)
	91

	Urban (mpg)
	94

	Extra urban (mpg)
	88

	EMISSIONS & VED

	CO2 (g/km)
	63

	VED band
	A

	WEIGHTS
	

	Kerb weight (kg)
	1,030

	Gross vehicle weight
	1,400

	EXTERIOR DIMENSIONS

	Overall length (mm)
	3,455

	Overall width (mm)
	1,615

	Overall height (mm)
	1.460

	Front overhang (mm)
	675

	Rear overhang (mm)
	440

	Wheelbase (mm)
	2,340

	Front track (mm)
	1,425

	Rear track (mm)
	1,420

	Drag coefficient (Cd)
	0.28

	Wheel size
	14in

	Tyre size
	165/65R14

	Turning radius – tyre (m)
	4.8

	[bookmark: _Hlk35728687]INTERIOR DIMENSIONS

	Interior length* (mm)
	1,630*

	Interior width (mm)
	1,300

	Interior height (mm)
	1,205

	Couple distance
	806

	Fuel tank capacity (l)
	35

	Luggage capacity (l)
	168


* Measured from accelerator pedal to rear seat hip point.
[bookmark: _Hlk35796186]Table-5  Specification of ‘ideal’ vehicle
Source of the specification data was mostly from the vehicle manufacturer. For hybrid part, because there was no hybrid version Aygo in the market, author found data about Toyota Hybrid System and understood its operating principle. As Toyota said, electric vehicle suffers from low driving range since battery energy density is about 1/50 compared with fossil fuels, even when adopting the latest Lithium-ion battery technology. However, PHV never had range anxiety because when the battery was depleted, the engine started to charge the battery and/or to drive the wheels. Meanwhile, PHV could achieve a CO2 emission of 59g/km under plug-in EV mode and HV mode.
For charging system, a charging circuit interrupter device and a battery charger connector would be offered with the vehicle, which could convert AC power from a household power source to DC power for battery charging.
For the engine part, the reference vehicle was 2019 Toyota Camry, a popular 4 door sedan in China. The model had two options of 2.5 litre 4 cylinder engine and one of them was an Atkinson cycle version with hybrid system:
[image: ]
[bookmark: _Hlk35796296]Table-6-1  Specification of reference vehicle
[image: ]
Table-6-2  Specification of reference vehicle
As the data shown above, the hybrid model had increased 80kg weight because of the battery set and motor. Although it had stronger overall maximum output power, the top speed decreased because the high speed characteristic of electric motor was not as well as internal combustion engine. With motor’s help, the hybrid model could cut fuel consumption by a third. According to the above content, the modified performance data about Toyota Aygo Hybrid could be determined.
6. [bookmark: _Hlk35624809]Conclusion
For this assignment, author had learned to use Scan XL to complie the raw data about daily ‘drive cycle’. During comparison between different vehicles, no matter reaching higher RPM to pursue more horsepower as Triumph, or using turbocharger with diesel engine in order to obtain huge torque in low engine speed like Volvo, the performance could be both improved. In addition, to enhance drivability, weights, wheel sizes, suspension and braking system were all factors that need to be think about. 
To make the engine more fuel economically, increasing engine load properly is benificial. Atkinson cycle had a better thermal efficiency than ordinary Otto cycle and could have higher engine load when matching with an electric motor. Considered that Toyota had a set of tested hybrid system and the Aygo was the most economical car among them, author then modified the powertrain of an Aygo with a set of plug-in Toyota Hybrid System. The new model had better fuel economy and quicker dynamic response so that it could be a better daily commuting vehicle. With the development of technology, vehicles in the future will strike a better balance between power and economy.
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CALC.TRIP.GEAR
CALC.TRIP.POWER
CALC.TRIP.RPM
CALC.TRIP.SPEED
CALC.TRIP.STOPS
CALC.TRIP.TIME
CALC.TRIP.TORQUE
CALC.VSS C
CONST.FINAL DRIVE RATIOS
CONST.FUEL_CO2_CONTENT
CONST.FUEL DENSITY
CONST.FUEL TANK_CAPACITY
CONST.LAMBDA_ACTUAL PID
CONST.MAF_PID
CONST.MAP_PID
CONST.MAX_RPM
CONST.MIN_RPM
CONST.SHIFT_RPM
CONST.SPEED_CORRECTION
CONST.SPEED_ZONES

CONST.STOICHIOMETRIC_AIR_FUEL_RATIO

CONST.WHEEL_CIRCUMFERENCE
SAE.BARO

SAE.MAF

SAE.MAP

SAERPM

SAEVSS

Name
Fuel consumed for each trip

Trip gear statistic

Trip power stats; Max

Trip RPMs, Max, Average

Trip speeds, Max, Average with idle, Average without idle

Number of stops for each trip

Trip time stats for each trip (RUN, IDLE, DRIVE, START, ELAPSED)

Trip torque stats; Max

Corrected vehicle speed

Final drive ratios validated and converted from ‘Final drive ratios’ vehicle setting
€02 content derived from the ‘Fuel type’ vehicle setting

Fuel density derived from the 'Fuel type’ vehicle setting

Fuel tank capacity from vehicle setting

Lambda PID used by the system

Mass air flow PID used by the system

Manifold absolute pressure PID used by the system

Maximum engine speed validated from the ‘Maximum engine speed" vehicle setting
Minimum engine speed validated from the "Minimum engine speed’ vehicle setting
Shift point engine speed validated from the ‘Shift point’ vehicle setting

Speed correction coefficient validated and converted from the Vehicle speed correction factor’ vehicle setting
Shifting speed zones

Stoichiometric air/fuel ratio derived from the ‘Fuel type’ vehicle setting

Wheel circumference derived from vehicle settings

Barometric Pressure

Air Flow Rate from Mass Air Flow Sensor

Intake Manifold Absolute Pressure

Engine RPM

Vehicle Speed Sensor

Value Units
),4.440000 |
N/A
86.981825 kW | ps
71.479067 r/min
59.596448 km/h
0,0,0,0,0
0,1959904 ms
35.467151 Nom | kg-Fm
0.000 km/h
N/A
2.322kg/l
720 g/l
N/AL
N/A
SAEMAF
SAEMAP
N/A|r/min
N/A|r/min
N/A|r/min
N/A coefficient
N/A km/h
14.640 coefficient
N/A r/km
100 kPa
847 g/s
99 kPa
823 rpm
0 km/h

0.000

2322
720

Avg

56.519

2322
720

14.640

99
23.87
116
1469
57

Max

118.000

2322
720

14.640

96.09
209
2967
118
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PID
AUX.ACCEL.FORWARD
AUX.ACCEL.LATERAL
AUX.GPS.ALTITUDE
AUX.GPS.COURSE
AUX.GPS.HORZ_ACCURACY
AUX.GPS.LATITUDE
AUX.GPS.LONGITUDE
AUX.GPS.SPEED
AUX.GPS.VERT_ACCURACY
AUX.ROTATION.PITCH
AUX.ROTATION.ROLL
CALC.ACCELERATION
CALC.ACCELERATION_G
CALC.BOOST_PRESSURE
CALC.DISTANCE
CALC.ENGINE_ POWER
CALC.ENGINE_TORQUE
CALC.FCAFC
CALC.FC.AVERAGE
CALC.FC.FUEL_VOLUME
CALC.FCIFC
CALC.FCIFC_AVG
CALC.FILLUP
CALC.FILLUP.CORRECTION
CALC.FILLUP.FUEL_PRICE
CALC.FUEL_CONSUMPTION
CALC.FUEL FLOW
CALC.FUEL_FLOW_AVG

Name
Forward Acceleration
Lateral Acceleration
GPS Altitude
GPS Course (Direction of Travel)
GPS Horizontal Accuracy
GPS Latitude
GPS Longitude
GPS Vehicle Speed
GPS Vertical Accuracy
Vehicle Pitch
Vehicle Roll
Current accelaration based on the last two speed readings
Acceleration expressed as g (gravity)
Boost pressure estimation
Distance travelled since last fuel consumption reset
Calculated engine power output at wheels
Calculated engine torque at the wheels
Average fuel economy/consumption for past periods
Average fuel economy/consumption since last fuel consumption reset
Volume of fuel consumed since last fuel consumption reset
Intantaneous fuel consumption
Average instantaneous fuel consumption
Manage values displyed on Fillup dashboard
Fuel consumption correction factor based on fillup adjustment
Fuel price entered at last fillup
Fuel economy/consumption calculations
Fuel flow calculated based on a MAF value (estimated or direct)
Average fuel flow

51.62075 °
-3.93245°
0 km/h
4m
2
e
-0.000 m/s?
-0.000 g
-67.325 kPa | Bar |
30.9 km
1213 kW | ps
13.628 Nm | kg-f
0.000000 1/100km
4.6/1/100km
141
N/A/1/100km
5.21/100km
1.422000,1.000000,
1.000 coefficien
3.500 currency (
Active
0.458 I/h
2.681l/h

Min
-0.35
-0.53

5
1
5
51.62045
-4.17461

2711
-0.276
-82.325
0.0
0.824
7.225
46
0.0
07
11
1.000
3.500
0.359
0.608

Avg
0.26
-0.03
83/
128
5
51.70046
-4.04132
58
4
20
3
-0.000
-0.000
-41.320
13.9
6.991
30.395

16.0
07
54
6.5

1.000
3.500

2.654
2401

Max
0.58
0.51

222

359

10
51.74820
-3.91199
113,

12

55

48

3.427
0.349
-1.325
30.9
21.377
65.028

14084.2

2334

10.9

3.500

8.065
2.955.
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PID

CALC.GEAR
CALC.IS NEW_DAY
CALC.LAMBDA_ACTUAL
CALC.MAF
CALCMAF A
CALC.MAP

CALC.TRIP
CALC.TRIP.ACCEL
CALC.TRIP.AFC
CALC.TRIP.BOOST
CALC.TRIP.CO2
CALC.TRIP.DISTANCE
CALC.TRIP.FILLUPS
CALC.TRIP.FUEL_COST
CALC.TRIP.FUEL_FLOW

Current and suggested gear with shift indicator, calculated based on speed and engine rpm

Returns true when a new day starts

Lambda - either uses the specified PID from vehicle settings or the best for the vehicle if no setting is provided
Mass air flow - either uses the specified PID from vehicle settings or the best for the vehicle if no setting is provided
Estimated mass air flow - method A

Manifold absolute pressure - either uses SAEMAP or the best calculation for the vehicle if SAEMAP is not provided
Trip computer calculations

Trip acceleration; Max forward, Max Braking

Average fuel consumption for each trip

Trip boost/vacuum, max boost, max vacuum, average

CO2 emission calculations for each trip

Distance travelled for each trip

Number of fillup for each trip

Fuel cost for each trip

Trip Fuel Flow; Max, Average

Value Units

N/A Cur, Sug, |
false true | false
N/A lambda
1342g/s
1342g/s
34.000 kPa
Active
0276478 g
4.600000 1/100km
1343354 kPa | bar |
3.302000,3.302000,
0.923200 km
0,0,0,0,0
1314620 currency
2.667691 I/h

Avg

Max

23.615
23.615
100.000
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PID

CALC.TRIP.FUEL_USED
CALC.TRIP.GEAR
CALC.TRIP.POWER
CALC.TRIP.RPM
CALC.TRIP.SPEED
CALC.TRIP.STOPS
CALC.TRIP.TIME
CALC.TRIP.TORQUE
CALC.VSS C
CONST.ENGINE_DISPLACEMENT
CONST.FINAL_DRIVE RATIOS
CONST.FUEL_CO2 CONTENT
CONST.FUEL_DENSITY
CONST.FUEL_TANK_CAPACITY
CONST.LAMBDA_ACTUAL PID
CONST.MAF_PID
CONST.MAP_PID
CONST.MAX_RPM
CONST.MIN_RPM
CONST.SHIFT_RPM
CONST.SPEED_CORRECTION
CONST.SPEED_ZONES

CONST.STOICHIOMETRIC_AIR_FUEL_RATIO

CONST.WHEEL_CIRCUMFERENCE
SAE.LOAD_ABS

SAE.MAP

SAERPM

SAEVSS

Fuel consumed for each trip

Trip gear statistic

Trip power stats; Max

Trip RPMs, Max, Average

Trip speeds, Max, Average with idle, Average without idle

Number of stops for each trip

Trip time stats for each trip (RUN, IDLE, DRIVE, START, ELAPSED)

Trip torque stats; Max

Corrected vehicle speed

Engine displacement derived from ‘Engine displacement’ vehicle setting

Final drive ratios validated and converted from ‘Final drive ratios’ vehicle setting
€02 content derived from the ‘Fuel type’ vehicle setting

Fuel density derived from the 'Fuel type’ vehicle setting

Fuel tank capacity from vehicle setting

Lambda PID used by the system

Mass air flow PID used by the system

Manifold absolute pressure PID used by the system

Maximum engine speed validated from the ‘Maximum engine speed" vehicle setting
Minimum engine speed validated from the "Minimum engine speed’ vehicle setting
Shift point engine speed validated from the ‘Shift point’ vehicle setting

Speed correction coefficient validated and converted from the Vehicle speed correction factor’ vehicle setting
Shifting speed zones

Stoichiometric air/fuel ratio derived from the ‘Fuel type’ vehicle setting

Wheel circumference derived from vehicle settings

Absolute Load Value

Intake Manifold Absolute Pressure

Engine RPM

Vehicle Speed Sensor

Value Units

1422000 |
N/A
1376537 kW | ps
9.321517 r/min
0.639858 km/h
0,0,0,0,0
11924913 ms
8.905401 N'm | kg-f
0.000 km/h
0.800 |
N/A
2.322kg/l
720 g/l
N/AL
N/A
CALC.MAF A
SAEMAP
N/A|r/min
N/A|r/min
N/A|r/min
N/A coefficien
N/A km/h
14.640 coefficien
N/A r/km
200%
34 kpa
850 rpm
0/km/h

0.000
0.800

2322
720

14.640
114
19
555,

0

Avg

57.909
0.800

2322
720

14.640

45.0

2038,
£

Max

112.000
0.800

2322
720

14.640

95.3
100
3531
112
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Type Toyota Aygo- Triumph Tiger- Volvo V40 Cross+
1.0-litre VVT-i 800 XC -Country D2:

Configuration 3-cylinder, in- Transverse 3- In-line 4 cylinder,
line: cylinder: Turbodiesel

Valve mechanism

12-valve DOHC,

Four stroke, 12-

16-valve DOHC

chain drive: valve DOHC
Displacement (cc) 998 799 1,969
Bore x stroke (mm) 71 x 84 74 x61.9 82x93.2
Compression ratio 11.5:1 12.0:1 16.0:1
Max. power (bhp/kW @ | 69/ 51 @ 6,000 | 93.9/69.1 @ 120/ 88 @ 3,750
Tpm) 9,300
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Max. torque (Nm @ 95 @ 4,300 79 @ 7,850 280 @ 1,500-2,280

rpmy

Max. speed (mph) 99 122 118

0-62mph acceleration 15.5 12.2 (Standing %= | 10.6:

(sec) Mile )

Top gear ratio: 0.804 N/A: 0,510(MT)/
0,672(AT)

Differential gear ratio: 4.294 N/A: 4,000(MTy/
3,365(AT)

Front suspension MacPherson Showa 45mm MacPherson Strut:

strut upside down forks:
Rear suspension Torsion beam Showa Independent
monoshock: Suspension,
Combined Fuel 67.3: 53 60.3:

Consumption (mpg)
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CO2 (g/kmy) 97. N/A 96 (MT)/ 101 (AT)

Kerb weight (kg) 860 - 905 2145 1,569 - 1,643

Gross vehicle weight 1,240 N/A 1,970 - 2,055

Tyre size: 165/65R14 or Front 90/90 R21 225/45 R18
165/60R15 Rear150/70 R17-

Front track (mm) 1,425 N/A 1,552/1,547-

Rear track (mm) 1,420 N/A 1,5640/1,535

Overall length (mm) 3,455 2,215 4,370

Overall width (mm) 1,615 795 2,041

Overall height (mm) 1,460 1,350 1,470

Wheelbase (mm) 2,340 1,530 2,646

Drag coefficient (Cd) 0.28: N/A: 0.32-0.34
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2019 Toyota Camry 4dr Sedan<

VERSION« 2.5G< 2.5HG«
ENGINE<
Type< 2.5-litre VVT-i< | 2.5-litre VVT-i Atkinson cycle<
Configuration< 4-cylinder, in-line<| 4-cylinder, in-line<
Valve mechanism« 12-valve DOHC+ 12-valve DOHC+
Displacement (cc)< 2,487< 2,487<
Bore x stroke (mm)<* 87.5x 103.4¢ 87.5x 103.4¢
Compression ratio< 13:1¢ 14:1<
Max. power (bhp/kW @ | 209/154 @ 6,600<] 178/131 @ 5,700
rpm)<
Max. torque (Nm @ 250 @ 5,000 221 @ 3,600-5,200
rpm)<
MOTOR«
Type< e Permanent magnet
synchronous motor<*
Max. power (bhp/kW )< e 120/88<
Max. torque (Nm)<* e 202<
OVERALL OUTPUT«
Max. power (bhp/kW )< 209/154< 218/160<
Max. torque (Nm)<* 250< N/A<





image20.png
TRANSMISSION«

Type< 8AT< E-CVTe
PERFORMANCE<+
Max speed (km/h)< 210« 180<
FUEL CONSUMPTION«
Combined (L/100km)«* 6 4.1¢
BODY«

Fuel tank capacity (1)< 60« 50

Kerb weight (kg)< 1,585¢ 1,665¢
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PID
AUX.ACCEL.FORWARD
AUX.ACCEL.LATERAL
AUX.GPS.ALTITUDE
AUX.GPS.COURSE
AUX.GPS.HORZ_ACCURACY
AUX.GPS.LATITUDE
AUX.GPS.LONGITUDE
AUX.GPS.SPEED
AUX.GPS.VERT_ACCURACY
AUX.ROTATION.PITCH
AUX.ROTATION.ROLL
CALC.ACCELERATION
CALC.ACCELERATION_G
CALC.BOOST_PRESSURE
CALC.DISTANCE
CALC.ENGINE_ POWER
CALC.ENGINE_TORQUE
CALC.FCAFC
CALC.FC.AVERAGE
CALC.FC.FUEL_VOLUME
CALC.FCIFC
CALC.FCIFC_AVG
CALC.FILLUP
CALC.FILLUP.CORRECTION
CALC.FILLUP.FUEL_PRICE
CALC.FUEL_CONSUMPTION
CALC.FUEL FLOW
CALC.FUEL_FLOW_AVG

Name
Forward Acceleration

Lateral Acceleration

GPS Altitude

GPS Course (Direction of Travel)

GPS Horizontal Accuracy

GPS Latitude

GPS Longitude

GPS Vehicle Speed

GPS Vertical Accuracy

Vehicle Pitch

Vehicle Roll

Current accelaration based on the last two speed readings
Acceleration expressed as g (gravity)

Boost pressure estimation

Distance travelled since last fuel consumption reset
Calculated engine power output at wheels

Calculated engine torque at the wheels

Average fuel economy/consumption for past periods

Average fuel economy/consumption since last fuel consumption reset

Volume of fuel consumed since last fuel consumption reset
Intantaneous fuel consumption

Average instantaneous fuel consumption

Manage values displyed on Fillup dashboard

Fuel consumption correction factor based on fillup adjustment
Fuel price entered at last fillup

Fuel economy/consumption calculations

Fuel flow calculated based on a MAF value (estimated or direct)
Average fuel flow

Value Units
0.13Gs
0.04Gs
10m 5
-1 -1
65m 5
51.62088° 51.62056
-3.93271° -4.17490
-1 km/h -1
10m 3
1° 195,
8° -183
-0.000 m/s? -2.430
-0.000 g -0.248
~101.325 kPa | Bar | kg-f/cm? -101.325.
31.2km 0.0
0.000 kW | ps 0.000
N/A N'm | kg-fm 16.374
0.000000 1/100km -
8.41/100km 8.2
261 0.0
N/A 1/100km 33|
9.2 1/100km 19
2.614000,1.000000,3.50 -
1.000 coefficient 1.000
3.500 currency (input) 3500
Active -
0.000 I/h 0.000
N/A I/h 1.831

Avg Max
0.41 0.92
039 090

7 219
130 359
10 65
51.69347 51.74814
-4.02967 -3.91197
50 117

4 10

47 138

78 173
0002 3.183
-0.000  0.325
32509 -3.325
154 312
11107 34.943
36791 51.401
79.8 38786.¢
13 25
109 2458
107 175
1000  1.000
3500 3500
4195 13.184
3.819 4638




