TSFS03: Assignment 2, Tutorial 2

Before this tutorial, make sure you go through the MATLAB introduction/tips files available at the Lisam course page. The tips you find there will be useful for the remainder of hand-in 2.

In the previous tutorial, we developed equations to model energy transfer through the hybrid powertrain. In this tutorial, we will implement those equations in MATLAB, to calculate fuel consumptions for various driving scenarios, and eventually (though, not in this tutorial) to find optimal control strategies for driving hybrid vehicles.

We need some files available on the Lisam course page. Download the “Hand-in 2”-folder, run MATLAB and set the folder as working directory. 

The provided files are:
· dynProg1D: Solver for one-dimensional dynamic programming problems.
· dynProg2D: Solver for two-dimensional dynamic programming problems.
· parallelHybrid: function template for the parallel hybrid case.
· seriesHybrid: function template for the series hybrid case.
· City_MAN_DDP: Drive cycle data for the city cycle.
· EUDC_MAN_DDP: drive cycle data for the EUDC cycle.
· Template_Assignment2_TSFS03: A folder containing .tex and word template files for the report.
· runOptimization: Template script for using the dynProg-functions.
· checkValues: Template script to run for checking the values of hand-in 2 part 1.
· Parameters: A script that allocates vehicle parameter values to a variable struct “p”.
· Tutorial2: A place to work during tutorial 2.

The template functions parallelHybrid() and seriesHybrid() are empty for now, but eventually, you will copy the code we develop here into parallelHybrid().

Remember that these tutorials are only meant to help you get started with the hand-in tasks.
They are not meant to replace them. Make sure you are aware (by reading the ProjectTasks.pdf) what is required for each submission.


Exercise 1. Look through the provided code. Open “parameters.m”. Check that the parameter values match those given in the project tasks pdf.

Exercise 2. Open and run tutorial2.m
Note: In the previous tutorial, we used an arbitrary time interval to develop our equations. We called it . Now, we will choose a specific test interval from the drive cycle. The test points used in the first part of hand-in 2 are provided in tutorial2.m.

Here is an explanation for each of the drive cycle variables:
· D_z: Distance vector in meters.
· G_z: Selected gear vector.
· p: The parameter struct.
· T_z: Time vector.
· V_z: Velocity.

For the gear ratio, it doesn’t make sense to take averages. For each interval, assume that the starting selected gear holds during the entire interval.

One of the test intervals required for hand-in 2 is [59 60]. We will use this interval throughout this tutorial. For now, please use this time interval as well. We will develop the code with the assumption that certain angular velocities are non-zero, and then return to fix these issues later.
 (For example: If the vehicle is standing still, converting from power to torque, by dividing with angular velocity, results in infinite torque. We do not have to consider this for the interval [59 60])

Now we will implement the equations we developed in tutorial 1.
Exercise 3. Implement your equation for energy at the wheel. Calculate energy required for the given test interval.
Note: Approximate answer: 12.5 kJ.

Exercise 4. Implement your equation for energy at the Gearbox. Calculate energy required for the given test interval.
Note: Approximate answer: 12.7 kJ. Notice that it is slightly higher than the energy at the wheel.

Exercise 5. Implement your equation for energy produced by the battery following a change in SoC. Calculate energy produced for the given test interval.
Note: If , then the approximate energy production is 6.66 kJ.

Exercise 6. Implement your equation for electric machine energy and torque. Calculate the energy and torque for the given test interval.

Exercise 7. Implement your equation for ICE energy and torque. Calculate the energy and torque for the given test interval.
Exercise 8. Implement your equation for fuel consumption. Calculate the fuel consumed for the given test interval. Set the fuel consumption to zero if it is negative.
Note: Approximate consumption: 0.74 gram.

Exercise 9. Vectorize your code. Let  be a vector and make sure that your code calculates the corresponding fuel consumption.
Note: If , 0.1] %, then the approximate fuel consumption is [0.74, 1.53] g. Do these values make sense? For the first element, we discharge the battery and let the internal combustion engine supply the remaining energy. For the second, we require energy at the gearbox, and also at the electric machine, meaning that the internal combustion engine has to supply both, leading to a much higher fuel consumption.
Tip: To do element-wise calculations in MATLAB, it’s usually a matter of adding a “dot” before each operation, so “*” becomes “.*” and “/” becomes “./”.

Exercise 10. Consider other time intervals. Make sure your code can handle cases when the vehicle is standing still, when angular velocities are zero, and so on.
Note: The selected gear is zero when the vehicle is standing still with the engine turned off. The selected gear variable can be used with if-statements to determine which calculations should be performed. The zero-velocity can give infinite torques if this case is not handled.

Exercise 11. Implement the limits as given in the parameter table. If a variable exceeds its given limit, set the fuel consumption to infinity. Make sure the limit is checked elementwise.
Note: This may seem like a strange thing to do, but it is logical if we consider why we’re coding a hybrid vehicle model.
In the end, the goal is to find a control strategy that uses the battery in such a way that minimizes the total fuel consumption. A valid question is then: how do we make sure that the vehicle operates within its limits? For example: What, from the perspective of the optimization algorithm, forces the battery current to remain below 200 Ampere? The idea is that if we set those strategies that exceed limits to infinite fuel consumption, the optimizer will never choose such a strategy, and all strategies that have finite fuel consumption also satisfy the operating limits!
Tip: Do not check limits during the calculation. Check all limits after the fuel consumption is calculated. Use conditional indexing.

Exercise 12. Paste your code into parallelHybrids(). Run the cases specified in Task 1.1c (ProjectTasks.pdf). Do you get the correct values for fuel consumption?
Note: The parallel hybrid template-function takes as argument a starting SoC and final SoC. We have used only  so far, but remember: , so the difference is only slight.

That was the final exercise for tutorial 2. Below follows some hints for Task 1.1f and the implementation of the series hybrid.



Hints for tasks 1.1f:
In later tasks, we will compare the fuel consumption of hybrid and conventional vehicles. One way to do that would be to simply remove the battery and electric motor from the vehicle. We will be left with a conventional powertrain that has a significantly smaller maximum power output.
To make a fair comparison, we should scale the conventional powertrain so that it has the same maximum power output as the hybrid.
To calculate this scaling factor, first calculate the maximum engine power.

That is, we take the maximum torque multiplied by the maximum angular velocity. This is a crude approximation of the maximum power output, but sufficient if we examine the typical power curve of combustion engines. (Figure below is for reference only and does not correspond to the engine we consider in this project).
[image: How Do Electric Vehicles Produce Instant Torque?]

Now, the scaling factor is

That is, the maximum hybrid power output divided by the maximum engine output. The components that should be scaled for fair comparison are: (They should be multiplied by the scaling factor for the larger conventional powertrain).
· Engine inertia
· Engine maximum torque
· Engine cylinder volume

It is also necessary to calculate the difference in vehicle mass. A larger, more powerful engine is also heavier.

In the parameter table, you are given the engine power density. What is the extra engine mass required to reach a maximum power output of 90.8 kW? (relative to  that you calculated).

Hints for the series hybrid code:

If you look at the fuel consumption values you are required to match in Task 2.1c, you will see that the last four cases are matrices instead of vectors.

This is because these last four cases use vector inputs for both state of charge and engine speed. Thus, we need to calculate the fuel consumption for all possible cases.

In the tutorial above, you vectorized your code in order to handle -vectors. 

For the series hybrid, you must “matrixize” your code. (it’s not a real thing).

It’s easier than it sounds. If you’ve managed to vectorize your code already, it should handle matrices just fine, since MATLAB sees everything as matrices anyway (MATLAB = Matrix Laboratory). The only tricky part is how to produce the state of charge and engine speed matrices, but luckily there is a very handy MATLAB-command for this, called .

A simple way is to assign values to the SOC and engine speed vectors, and then override them using meshgrid():
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This gives you the matrices:
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Now, using these matrices in your series hybrid code will produce matrix fuel consumption outputs.


The (1,1) element will give you the fuel consumption for zero engine speed and 49.9 % state of charge, the (2,3)-element will give you the fuel consumption for 2000 RPM as engine speed and 50 % state of charge, and so on. 
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