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[image: BMW Brings 5 Series Plug-In Hybrid To U ...]For this assignment I chose the BMW i5 plug-in hybrid due to several compelling reasons. As a plug-in hybrid vehicle, the BMW i5 combines the benefits of both electric and internal combustion engine technologies, making it an ideal candidate for studying the integration of KERS. The BMW i5 is renowned for its advanced engineering, high efficiency, and innovative features, making it a benchmark in the hybrid vehicle segment. Its aerodynamic design, efficient powertrain, and cutting-edge technology provides a solid foundation for assessing the impact of KERS on the overall vehicles performance.
[image: View Interior Photos of the 2024 BMW i5]
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Figure 2 – BMW I5 (Interior)
) (
Figure 1 – BMW I5 (Chosen vehicle)
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· Curb Weight: 2,205 kg
· Gross Vehicle Weight Rating (GVWR): 2,740 kg
· Payload Capacity: 610 kg
· Fuel Tank Capacity: 60 litters
· Distribution of Weight: 50% front, 50% rear (for balanced handling)
· Centre of Gravity: Lowered for improved stability and handling
· Suspension Type: Adaptive M Sport suspension
· Brake System: Regenerative braking with standard hydraulic brakes
· Power: 250 kW (340 hp)
· Torque: 400 Nm
· Acceleration (0-100 km/h): 6.0 seconds
· Top Speed: 193 km/h (120 mph)
·  (
(Bmw.co.uk, 2023)
)Electric Range (WLTP): Up to 356 miles 
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The required dynamic characteristics of the BMW i5 plug-in hybrid include several key parameters that influence its performance and efficiency:
· Frontal Area:                                                                                                                                         The frontal area of a vehicle is the cross-sectional area that faces the direction of travel. This area is crucial for determining aerodynamic drag, which affects the vehicle's fuel efficiency and performance. To calculate this we use the formula-                                                                              Frontal Area (A)=Height (H)×Width (W)                                                                                               A = 1.5m × 1.8m = 2.7 m2
· Coefficient of Aerodynamic Drag:                                                                                                       The coefficient of aerodynamic drag (Cd) is the measure of how aerodynamic a vehicle is, affecting its efficiency and fuel consumption. To calculate this, we use the formula- 
 [image: ]                                                                                                                                     Drag Force (Fd): 300 N                                                                                                                                               Frontal Area (A): 2.7 m²                                                                                                                                              Wind Speed (v): 30 m/s (108 km/h)
[image: ]Cd = 0.202
·   (CrCr) quantifies the resistance a vehicle encounters from its tires rolling on a surface. This resistance affects fuel consumption and overall vehicle efficiency. We can calculate this by- 
[image: ] (
=
 
0.00693
)[image: ]                                                                                  Rolling resistance force = 150N                                                                                                             Mass of the vehicle = 2205KG                                                                                                 Acceleration due to gravity = 9.81 m/s2                                                                                                 Vehicle Mass: 2,205 kg (curb weight)



· Test mass of the vehicle 
The reference mass is the unladen vehicle mass (curb weight) plus a standard allowance of 75 kg for the driver and equipment.
For the BMW i5 Plug-in Hybrid:
- Curb weight = 2205 kg (provided earlier).
- Driver & equipment allowance = 75 kg.
Reference Mass = 2205 kg + 75 kg = 2280 kg
The test mass is calculated as the reference mass plus allowances for:
· Optional equipment weight which is Typically, 15–100 kg 
· Fuel: This is calculated as fuel density × 90% of the tank capacity. For a plug-in hybrid, the WLTP uses a set value for the additional weight of fuel and components.
If we assume optional equipment adds 50 kg, the test mass would be:
Test Mass = 2280 kg + 50 kg = 2330 kg.
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The Worldwide Harmonized Light Vehicle Test Procedure (WLTP) is an internationally standardized testing protocol for assessing the performance of light-duty vehicles. Adopted in 2017 to replace the outdated New European Driving Cycle (NEDC), the WLTP is designed to provide more accurate, realistic, and reliable data on fuel consumption, energy consumption, CO2 emissions, and electric range.
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Why WLTP Was Introduced:                                                                                                                                 The NEDC (New European Driving Cycle), introduced in the 1980s, was based on driving conditions that no longer reflect modern vehicle usage.
Advances in vehicle technology (e.g., hybrids, plug-in hybrids, EVs) required a more representative testing approach.
The discrepancy between laboratory results and real-world performance under NEDC had grown, leading to scepticism about reported fuel efficiency and emissions.
Goals of WLTP:                                                                                                                                         Provide a globally standardized method for testing vehicles under conditions closer to real-world driving.
Address modern driving styles, road conditions, and vehicle technologies.
Enhance transparency for consumers and regulators, reducing the gap between test results and actual performance.
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Global Applicability:                                                                                                                                         Developed under the United Nations Economic Commission for Europe (UNECE), WLTP is now used in regions like the European Union, Japan, China, and India                                                                                              
Although The United States uses the EPA (Environmental Protection Agency) testing protocol, but WLTP is recognized internationally.
Dynamic Driving Cycle:                                                                                                                                    Unlike the static NEDC, the WLTP features a more dynamic driving cycle that better represents the real-world driving conditions.                                                                                                It also includes accelerations, decelerations, and varied speeds to simulate urban, suburban, and highway scenarios.
Specific Vehicle Testing:                                                                                                                                 WLTP adjusts results based on specific vehicle configurations, including:
-Weight                                                                                                                                                                                                     - Aerodynamics                                                                                                                                                                 -Rolling resistance

0. [bookmark: _Toc183905470]BMW i5 and WLTP Class 3
The BMW i5, falls into WLTP Class 3. This classification includes vehicles with high power-to-weight ratios and top speeds exceeding 120 km/h.                                                                                                                                     Class 3 testing involves a more dynamic and comprehensive approach compared to classes for smaller or less powerful vehicles. This ensures that the performance values reflect the vehicle's capabilities across highway speeds, urban environments, and varyied driving demands
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The WLTP for the BMW i5 includes four distinct phases—Low, Medium, High, and Extra High—covering a range of driving conditions:
-Low Phase: Mimics slow, urban driving with frequent stops which is suitable for city environments.
-Medium Phase: Represents out of city driving at more moderate speeds.
-High Phase: Replicates faster and more rural or open road conditions.
-Extra High Phase: Focuses on high-speed highway scenarios
[bookmark: _Toc183905472]WLTP for the BMW I5
Each phase evaluates the BMW i5’s energy consumption and emissions under specific conditions, factoring in its electric-only range and hybrid functionality. The extra-high phase is particularly significant for vehicles like the i5, showcasing its performance at sustained speeds of over 120 km/h. (Tan, 2023

For plug-in hybrids such as the BMW i5, WLTP testing measures:
-Electric Range: The i5 offers a WLTP-certified electric range of approximately 84-97 miles, depending on the model and driving conditions.
-Energy Consumption: Averaging between 16.0 and 21.2 kWh per 100 km in electric mode, the vehicle demonstrates efficiency across use cases​
-CO₂ Emissions: The WLTP-certified emissions for hybrid operation reflect the combined use of battery and combustion power.
The WLTP testing for the BMW i5 ensures transparency in performance expectations, allowing potential owners to understand its efficiency in both electric and hybrid modes. Furthermore, the WLTP cycle acknowledges real-world factors such as weather and optional features such as heated seats or larger wheels; making the test results more representative of actual user experiences
(Tan, 2023)
















[bookmark: _Toc183905473] Graphs and analysis for WLTC


The graph shows that both forces are dynamic, with tractive force showing more variability. This can be important for analysing mechanical performance or efficiency in energy ouput.
Total Force:
-The Total force shows less pronounced fluctuations compared to the Tractive force.
-The blue line maintains a relatively smoother pattern, suggesting steadier variations in the overall forces experienced by the vehicle.

Tractive Force:
-The Tractive force displays more pronounced fluctuations, indicating more significant changes in the tractive force applied to the vehicle.
-Peaks and troughs in the orange line highlight moments of high acceleration or deceleration, which are crucial for KERS.


Oscillations: The graph shows repeated oscillations between positive and negative values.. Understanding the frequency and amplitude of these oscillations can be crucial for diagnosing underlying issues or optimizing performance.
Potential Causes:
Mechanical Factors: Issues like friction, mechanical wear, or misalignment could lead to variations in tractive power.
Operational Factors: Changes in operational conditions such as load variations, acceleration, or braking can cause fluctuations.
External Influences: Environmental factors like temperature, humidity, or road conditions might also play a role
.









The trends of both lines suggest a possible relationship between tractive and braking energy. The periods where braking energy peaks and then declines could correspond to times when tractive energy increases, indicating a balance between energy exerted and energy recovered or dissipated.
Energy Utilization: The continuous increase in tractive energy without a proportional increase in braking energy might indicate high energy utilization for traction purposes.
Recovery or Loss: The decline in cumulative tractive energy after the peak could imply energy loss or an energy recovery mechanism in play.
  




Rolling Resistance (Series1 - Blue)
Significant Influence: Shows a strong presence throughout the data range, suggesting a major role in overall resistance.
Peaks and Troughs: Understanding the conditions during these peaks and troughs can help in optimizing factors influencing rolling resistance.
Aero Resistance (Series2 - Orange)
Stable but Positive: While less variable, it consistently adds to the resistance, indicating its steady effect on the system.
Acceleration Resistance (Series3 - Gray)
· Dynamic Range: Both positive and negative values imply that it alternately contributes to and mitigates overall resistance.
 Total Resistance (Series4 - Yellow)
· Variability: A wide range of values suggests that total resistance is heavily influenced by fluctuating factors.
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Lithium-ion Battery Based KERS                                                                                                                      A lithium-ion battery-based Kinetic Energy Recovery System (KERS) operates by capturing and storing energy that would otherwise be lost during braking. This energy can then be reused to assist in propulsion, improving efficiency and performance.
Advantages of lithium ion:
-High energy density: Lithium-Ion batteries can store more energy per unit of weight and volume, which is ideal for long trips and daily commutes.
-Scalable and cost-effective: This KERS system is widely available, cost-effective, and can be easily integrated into hybrid vehicles.
-Good overall performance: Provides a balance between energy storage (for longer-range driving) and power output (for acceleration and assisting the engine).
-Regenerative braking: It recovers energy from braking and stores it efficiently, allowing for smoother transitions and better fuel economy.

Energy Recovery During Braking:
-When the driver applies the brakes, instead of relying entirely on friction brakes, the electric motor in the system acts as a generator.
-The kinetic energy of the moving vehicle is converted into electrical energy through regenerative braking.
-this energy is stored in the lithium-ion battery.
Energy Storage:                                                                                                                                                    -The electrical energy generated is stored in a lithium-ion battery pack. These batteries are highly efficient, compact, and capable of charging and discharging quickly.
Energy Deployment:                                                                                                                                              -When the driver accelerates, the stored energy is discharged from the battery to assist the motor in propelling the vehicle.
-This reduces the load on the internal combustion engine (ICE) or complements it, leading to improved fuel efficiency and performance.

1. Control System:                                                                                                                                                         
This system uses a sophisticated control unit to manage energy recovery, storage, and release the energy based on varied driving conditions.
-Sensors monitor limits such as speed, throttle position, and braking intensity to determine how much energy can be recovered and when it should be released.


[bookmark: _Toc183905475]Variations Felt by the Driver Compared to a Conventional ICE and Friction Brake Vehicles:

Braking Feel:
Regenerative Braking: The system introduces regenerative which has a,
-Less immediate response when braking lightly (due to energy recovery).
-A stronger engine braking sensation when lifting off the accelerator, as the motor slows the vehicle to recover energy.

 Acceleration and Power Boost:
Youll feel a smoother and more responsive acceleration due to the additional power provided by the stored energy from the KERS system .
In hybrid setups, the ICE engine may engage less often during low-speed accelerations.
Improved Fuel Efficiency:
Drivers will notice reduced fuel consumption, especially in urban driving, as the KERS reduces reliance on the ICE for propulsion.
Weight and Handling:
The additional weight of the lithium-ion battery and associated components may slightly alter vehicle handling. However, modern systems are designed to minimize the impact by optimizing weight distribution.
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cumulative traction energy and cumulative braking energy
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Kinetic Energy
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