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Introduction.

The Worldwide Harmonised Light Vehicle Test Procedure (WLTP) stands as a comprehensive and standardised method for evaluating various aspects of a vehicle’s behaviour.

In this theoretical scenario, a WLTP test is applied to a 2004 Smart Roadster Coupé. The WLTP aims to scrutinise the Roadster’s fuel consumption, CO2 emissions, and overall performance in simulated real-world driving conditions.

This report will explore how the vehicle, known for its efficiency and dynamic handling, responds across different driving cycles, shedding light on its environmental impact and driving capabilities.





































Test Vehicle Dynamics.

Test Vehicle:
[image: A car parked in a garage
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A Smart Roadster Coupé was chosen as the test vehicle for the WLTP and KERS experiment due to the car’s efficient and sustainable design. The Roadster benefits from a small and lightweight design, utilising easy-to-replace plastic body panels, with a “galvanised Tridion safety cell” (Autocar – 2018). 

The vehicle houses a fuel-efficient turbo-charged 698cc 3-cylinder in a mid-engine layout, giving an NEDC estimated highway fuel-consumption of 66mpg and Co2 emissions rating of 121g/km (Car.Info – 2004). 
Chosen Test Vehicle: Smart Roadster Coupé, due to the vehicle’s sleek design, aerodynamic rear canopy, and the considered ‘free’ front boot space, allowing for KERS development.
(Burnside, R. – 2022).

The rear-wheel-drive, mid-engine layout leaves an open area in the nose of the vehicle underneath the bonnet, usually acting as free boot space, allowing for the development of a Kinetic Energy Recovery System that utilises the free-spinning front wheels.

In addition to usable energy through recovery, the KERS will also benefit the vehicle balance in shifting more weight across the front axle, alongside the KER system sharing its housing location with the Internal Combustion Engine’s starter battery, allowing for simplistic component mapping and overall system synergy.

Vehicle Dynamics:

Test Mass (m) = 									810kg
Weight Distribution = 								44:56(F:R)
Frontal Area  = 									0.9617
Rolling Resistance Coefficient  = 						0.013
Aerodynamic Drag Coefficient (CD) =						0.38













WLTP Test.

The vehicle’s power-to-mass ratio (PMR) of 74.074 and maximum speed (v_max) of 111mph mean the Roadster corresponds with the WLTP categorised ‘Class 3’ test; involving speed phases of low, middle, high, and extra-high. These speed phases and driving cycles are “an essential element for the measurement of fuel consumption and emissions” (transportpolicy.net – 2018).

Relevant WLTP Figures:

Power = 80bhp = 60kW
v_max = 111mph = 49.62m/s
PMR = (60,000/810) = 74.074
0-60 = 10.6s
Torque = 110Nm
CO2 Emissions = 121g/km
Euro E. Standard = 4
Miles per tank = 423
Fuel tank cap. = 35 litres (9 gal)
3-cylinder 698cc (2x3 valves)
Brake Dimensions = (280mm Diameter), (9mm Thickness), (38mm Height), (58mm Bore D.)
Urban = 6.4l/100km (37mpg)
Highway = 4.3l/100km (66mpg)
Combined = 5.1/100km (55mpg)
Est. real consumption = 7l/100km (39mpg) 
(average 42% more fuel than original factory data)
NEDC rated mpg = 55
Max. output (P)  = 5250RPM
Max. output (T) = 2250
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Data Analysis.

To officially conduct a WLTP test for a Smart Roadster Coupé, or any vehicle model, would require collaboration with a certified testing laboratory or facility that follows WLTP testing standards. This process is typically done by manufacturers and regulatory bodies to ensure that vehicles comply with emission and efficiency standards.

With the available data from the listed sources and vehicle measurements undertaken, it is possible to view what theoretical results may look like for later comparison with an official and sanctioned laboratory test.

“The testing procedure is rigorous and aims to provide more realistic and accurate data on a vehicles fuel efficiency and emissions, compared to the previous New European Driving Cycle (NEDC) test” (fleetnews.co.uk – 2017).

Vehicle Speed Phase: Low

[image: A screenshot of a graph

Description automatically generated]This test simulates urban driving conditions involving frequent stops, starts and low-speed driving. This test speed-phase is designed to measure fuel consumption and emissions in an urban environment, such as a city or town centre.

This graph displays the test speeds necessary, and the resultant acceleration force required to cycle car through frequent stops, simulating busy traffic and congestion between accelerator pedal usage and sudden engine idle.

The orange markers on the graph indicate possible Kinetic Energy Recovery points that could be harnessed and stored during periods where acceleration has stopped and energy recovery is possible, minimising losses of available energy regeneration.
Acceleration Resistance in Newtons was calculated through the formula:



Alongside Rolling Resistance, also calculated in Newtons:


Resulting in:


And Aerodynamic Resistance:



To finally calculate the Total Resistant Forces on the vehicle:
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Total resistance to the forward motion of the vehicle is displayed in a time graph, signifying a correlation between the measurement of acceleration force and the total resistance figure.
The graph highlights the majority of the resistance force as acceleration, indicating minimal defiance from rolling resistance and aerodynamic drag. These dynamics are in part due to the well-balanced features of the Roadster, such as rear-axle-biased “44:56 weight distribution” and centre of gravity, sleek and compact design within “1192mm height [and] 1615mm width”, “126mm ground clearance” and smoothed-underfloor panels (Car.Info – 2004).

Below is a graph to display the vehicle power (in Watts) required to overcome the total resistance forces (shown in Newtons) to meet the velocities necessary to perform the test.
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[image: A graph of blue lines

Description automatically generated]Using the formula  it is possible to derive the accumulated energy of the vehicle throughout the speed phases, allowing further research into Kinetic Energy Recovery System charging opportunities, and KERS energy collection and storage capabilities. The yellow markers indicate energy lost through vehicle deceleration and braking that could be recovered by a KER system and redistributed to the vehicles wheels to aid in propulsion, or assist the alternator and starter battery with ancillary loads such as heater and heated seats, radiator fan, electronic steering rack, electronic gearbox, headlamps, and stereo.



Vehicle Speed Phase: Middle

[image: A graph of a graph

Description automatically generated with medium confidence]The medium speed phase is designed to simulate suburban and town driving conditions, consisting of a mix of acceleration, deceleration, and constant speed driving. The test measures fuel consumption and emissions in mixed driving conditions.

The Roadster Coupé showcases minimal impedance from both aerodynamic and rolling resistance, again displaying the majority of the force as acceleration resistance creating a strong correlation between vehicle acceleration and the resultant force. 
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[image: A graph of a graph

Description automatically generated with medium confidence]It can be seen in the below graph that the vehicle’s highly efficient power to weight ratio, created by the plastic panels and aluminium-alloy metals, allows for the vehicle to remain un-hindered from forces that might impact less aerodynamic and heavier alternatives/competitors.



The build-up of accumulated energy can be seen ranging between 7000kJ and -6000kJ.
Values in the positive indicate energy that can be added to the KER system, and negative results display power being removed or consumed. The graph represents the total accumulated energy; it should be noted that 95% efficiency is likely due to losses in the energy recovery and storage process.

[image: A graph of blue lines

Description automatically generated]
Vehicle Speed Phase: High

[image: A graph of a vehicle speed

Description automatically generated]The High-Speed-Phase of the WLTP test simulates highway or motorway driving conditions, involving sustained high-speed driving and aerodynamic effects. This test measures the fuel consumption and emissions during high-speed travel (WLTPFacts.eu – 2019).

The graph shows an increase speed throughout the 150 and 350 second mark along the X axis, paired with a decreased acceleration force and pedal usage.

This not only supports the functionality of the vehicle’s aerodynamics and fuel-efficient engine design, but also shows the car comfortably maintaining a higher vehicle velocity of 15.732m/s with minimal accelerator input required. This created less resultant force on the vehicle, as can be seen by the total resistance to motion:
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Due to the vehicle’s ‘rev-happy’ 3-cylinder, turbocharged engine, the vehicle power required to overcome the total resistance forces is easily obtained and maintained. This, however, does equate to less energy accumulated over a speed-cycle such as motorway driving, limiting the usability of the desired Kinetic Energy Recovery System with less fluctuation on overall  throttle usage across the journey. Despite this, we can see an increase in recoverable energy with more Internal Combustion Engine usage and accelerator input.
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Vehicle Speed Phase: Extra-High

[image: A graph of a graph

Description automatically generated]The Extra-High vehicle test represents high-speed driving with increase loads on the engine. The test focuses on fuel consumption and emissions at higher speeds and is not a standard part of the test. The test involves “maintaining a steady speed over an extended period, simulating highway driving conditions” (VCA – 2021).

The test considers the aerodynamic effects on the vehicle at higher speeds. Aerodynamic drag becomes more significant at increased velocities, impacting fuel consumption. “The test cycle includes periods of acceleration and deceleration to assess the vehicle’s behaviour during changes in speed” (GOV.UK – 2018).  The high-speed test aims to replicate real-world highway driving conditions to provide more accurate data on fuel consumption and emissions at higher speeds.
The test “varies in load conditions to evaluate how the vehicle performs under different loads during high-speed driving” (UNECE – 2016).
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The Smart produces quantifiable results showing an efficient power-to-weight ratio and agile design, minimising rolling resistance and aerodynamic drag for optimal driving performance. The vehicle’s lightweight construction contributes to impressive performance and fuel efficiency.
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Despite portraying a vast amount of Joules available for a Kinetic Energy Recovery System, losses can incur before power usage throughout inefficiencies in energy storage, energy retrieval, electrical resistance, heat dissipation, and system inefficiencies contributing to energy losses, resulting in accumulated energy being higher than the ultimately usable energy available for assisting in acceleration or other power demands.

[image: A graph of a pulse

Description automatically generated with medium confidence]
Conclusion.

The WLTP testing of the Smart Roadster Coupé has provided valuable insights into the performance and efficiency of the vehicle across various driving conditions and cycles. The results indicate a noteworthy balance between power, fuel consumption, and emissions.

The Smart, a Class 3b vehicle, showcases a blend of economy and sportiness with an emphasis on agility, minimal rolling resistance, and reduced aerodynamic drag. This design philosophy aims to optimise fuel efficiency and enhance overall performance. With the WLTP test results in mind, the characteristics suggest a well-balanced approach to driving dynamics. The vehicle’s ability to sustain minimal impact from resistant forces contribute positively to the test’s mix of suburban and town driving scenarios.
Furthermore, the Smart Roadster Coupé’s aerodynamic design and economical focus result in favourable outcomes in terms of fuel consumption and emissions. 

The Roadster demonstrates commendable acceleration and performance, achieving the 0-60mph benchmark in 10.6 seconds, showcasing the responsive power delivery. The weight distribution of 44:56 contributes to stable handling, enhancing the overall driving experience.

The vehicle’s fuel efficiency is within expected ranges, with urban, highway, and combined fuel consumption figures, aligning well with manufacturer specifications. Real-world fuel consumption, estimated at 7l/100km (or 39mpg), provides practical reference for potential owners. However, it should be noted that this is still 42% higher than the manufacturer’s supplied data. With this noted, the CO2 emissions levels of the vehicle conform to Euro Emission Standard 4, reflecting the Smart Roadster Coupé’s adherence to stringent environmental regulations. The aerodynamic drag coefficient of 0.38, coupled with the calculated aerodynamic resistance, underscores the vehicle’s design efficiency.

In summary, the WLTP testing indicated that the Smart Roadster combines a sporty performance with reasonable fuel efficiency and compliance with emission standards.
The findings serve as valuable information for potential buyers, regulators, and stakeholders interested in the vehicle’s environmental impart and overall driving experience.
 

















References.

(Autocar Magazine – 2018).
Used car buying guide: Smart Roadster.
https://www.autocar.co.uk/car-news/used-cars/used-car-buying-guide-smart-roadster
Accessed 11th January 2024.

(Car.Info – 2004).
Specifications: Smart Roadster-Coupé.
https://www.car.info/en-se/smart/roadster/roadster-coupe-07-sa6-2004-8097163/specs
Accessed 4th January 2024. 

(TransportPolicy.net – 2018).
International Light-Duty: Worldwide Harmonized Light Vehicles Test Procedure (WLTP).
https://www.transportpolicy.net/standard/international-light-duty-worldwide-harmonized-light-vehicles-test-procedure-wltp/
Accessed 12th Jan 2024.

(VCA – 2021).
Vehicle Certification Agency: The Worldwide Harmonised Light Vehicle Test Procedure.
https://www.vehicle-certification-agency.gov.uk/fuel-consumption-co2/the-worldwide-harmonised-light-vehicle-test-procedure/
Accessed 10th January 2024.

(UNECE.org – 2016).
Technical Report: Development of a WLTP.
https://unece.org/fileadmin/DAM/trans/doc/2015/wp29grpe/GRPE-72-02.pdf
Accessed 2nd January 2024.

(GOV.UK – 2018).
Review of the WLTP and Vehicle Taxes.
https://www.gov.uk/government/publications/review-of-wltp-and-vehicle-taxes
Accessed 4th January 2024.

(WLTPFacts.eu – 2019).
What is WLTP and how will it work?
https://www.wltpfacts.eu/what-is-wltp-how-will-it-work/#:~:text=The%20WLTP%20driving%20cycle%20is,stops%2C%20acceleration%20and%20braking%20phases
Accessed 13th January 2024.

(FleetNews.co.uk – 2017).
What is WLTP and RDE?
https://www.fleetnews.co.uk/fleet-faq/what-is-wltp#:~:text=The%20Worldwide%20Harmonised%20Light%20Vehicle,well%20as%20their%20pollutant%20emissions
Accessed 6th January 2024.


(MotorEU.com – 2005).
Smart Roadster Coupe Tech Info.
https://motoreu.com/smart-roadster-0.7-i-data-224038
Accessed 5th January 2024.
image4.png
™ Ac

103.2993

0 v

0.28847501

ota v

103.587775

Powe v

0.54423641

Powe v

544.236413

103.2993

0.28847501

103.587775

0.54423641

544.236413

103.2993

0.28847501

103.587775

0.54423641

544.236413

103.2993

0.28847501

103.587775

0.54423641

544.236413

103.2993

0.28847501

103.587775

0.54423641

544.236413

103.2993

0.28847501

103.587775

0.54423641

544.236413

103.2993

0.28847501

103.587775

0.54423641

544.236413

103.2993

0.28847501

103.587775

0.54423641

544.236413

103.2993

0.28847501

103.587775

0.54423641

544.236413

103.2993

0.28847501

103.587775

0.54423641

544.236413

o|lo|lo|o|o|o|o|o|o|o|o]d

103.2993

0.28847501

103.587775

0.54423641

544.236413

N
N
n

103.2993

0.28847501

126.087775

0.66244842

662.448425

191.25

103.2993

0.28847501

294.837775

1.54903851

1549.03851

585

103.2993

0.28847501

688.587775

3.61774872

3617.74872

922.5

103.2993

0.28847501

1026.08778

5.3909289

5390.9289

866.25

103.2993

0.28847501

969.837775

5.09539887

5095.39887





image5.png
WLTC class 3, | WLTC class 3, | WLTC class 3,
[Ehase QU | Lot2lelopze |[ERYase) version 5, version 5, version’5,
time |elapsedtime | \ohicie speed | acceleration | acceleration

Phase s s kmh mis® kmihis
Low [ 0 0.0 0.00 0.00
Low 1 1 0.0 0.00 0.00
Low 2 2 0.0 0.00 0.00
Low 3 3 0.0 0.00 0.00
Low 4 4 0.0 0.00 0.00
Low 5 5 0.0 0.00 0.00
Low 6 6 0.0 0.00 0.00
Low 7 7 0.0 0.00 0.00
Low 8 8 0.0 0.00 0.00
Low 9 9 0.0 0.00 0.00
Low 10 10 0.0 0.00 0.00
Low 1 11 0.0 0.03 0.10
Low 2 12 02 0.24 085
Low 13 13 1.7 0.72 2.60
Low 14 14 54 114 4.10
Low 15 15 9.9 1.07 3.85





image6.png
low
medium
high
extra high

AR |

duration

589
433
455
323
1800

stop duration

156
48
31

7

242

distance
m
3095
4756
7158
8254
23262

p_stop

26.5%
11.1%
6.8%
2.2%

v_max
km/h

56.5

76.6

97.4

1313

v_ave
without
stops
km/h
25.7
445
60.8
94.0

v_ave with
stops
km/h
189
395
56.6
92,0

a_min

m/s?
-1.47
-1.49
-1.49
-1.21

a_max

m/s?

147
157
158
1.03

Velocity
m/s
5.254
10.984
15.732
25.555




image7.png
frontal A 0.9617

KE 11179.2638
PE 9471.7512
mass 810
rr coeff. 0.013
rr 103.2993
vehicle height 1.192

Coeff of Drag 0.38




image8.png
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(Phase: Low) Total Resistance to Motion.
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(Phase: Middle) Vehicle Speed vs Acceleration Force.
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(Phase: Medium) Total Resistance to Motion.
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(Phase: High) Vehicle Speed vs Acceleration Force.
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(Phase: Extra-High) Vehicle Speed vs Acceleration Force.
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