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For the spring powered car simulation I ran two loops, one for each Numerical Integration method. The methods I used are the same two I discussed in Part 1, Euler’s and The Runge-Kutta (Rk4) Methods. I had them write their results to separate files, and reused the variables between them by resetting them between loops.
For the code that was reused in multiple places and required testing I used a separate header file, and an additional header file was created for the testing code.
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Both the Euler’s and RK4 method simulations produced similar results, with both their final distances being within .3m of one another and Euler’s only taking one additional step. I did not have time to create a graph demonstrating both of their results
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To ensure my program was working correctly I created a series of tests for each function, to ensure their outputs were correct. I had to decide on test data for each function and come up with an input and calculate what the output should be if the code is working correctly. 
I used a calculator to generate the data to test against. I would have liked to use premade programs specifically for numerical integration using Euler’s and RK4 methods, as these would ensure that my functions are implemented correctly, as when manually calculating I could make the same mistakes in my formulas that I could have made in the code. However, I could not find a suitable calculator for either method, as most required significantly more inputs and produced outputs in different formats to mine. 
I created a testing harness via a function in a separate header file. It calls each function, sends it test inputs, checks its outputs against the pre-calculated results and prints a string to the console depending on whether it is correct or not. For each test that passed I would increment a value that stored the number of passed tests, so a the end I could show how many of the tests passed.
For the FileWriter function I created a new testing file, wrote some data to it and read the data back. If the read function output the column headings the file writer automatically generated, then the function is working correctly. The file can be manually read by the user through an external program to ensure the values passed were written correctly also.
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For the tractive force calculation function I ran the function twice with 2 different values for distance. One below 6 that should output a normal tractive force, and one above that should output 0. I checked that both outputs were correct, however I ran into a problem during testing where the function would return 14.4 and 0, the expected values the testing harness was looking for, but it would claim the test failed regardless. I believe this was caused by floating point inaccuracy [1] and was fixed by checking if the value for the first output was in a very small range around 14.4 instead.
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For the drag force calculation I ran the function with a velocity of 10 and set all the other values to what they would be in the program normally. I once again checked that the value was within a small range to account for floating point error.
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For the Euler’s Method calculation function I simply checked that if x started as 1 and increased by 2 per second for 1 second it would calculate the result as 3. 
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Due to a lack of time, I was unable to test the RK4 calculation function, as its calculations are more complex and would require a more complex testing method than I could have implemented. 
[image: A computer screen with white text

Description automatically generated]
All of the tests I ran produced expected values and therefore all tests were passed. While the RK4 method did not get tested, in practice it appeared close to Euler’s method, suggesting it is likely working correctly.
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float integrateEulers(float changeInX, float deltaTime, float x)

{
| return x + changeInX * deltaTime;
}
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while (!stopped)

//similation 2 - RK4 / The Runge Kutta Method
7/ RKu also needs to be used twice, for velocity and acceleration
7

//calculating the tractive force generated by the spring
tractForce = calculateTractForce(distance);

//calculating the drag on the vehicle
[dragForce = calculatebragForce(velocity, rollResist, vehMass, gravity, dragCoeff, airDensity, frontArea);

acceleration = (tractForce - [iragForce) / vehMass; //Calculating the change in acceleration of the vehicle

//using RKu to calculate velocity
velocity = integrateRku(acceleration, deltaTime, velocity);

//checking if drag force has reduced velocity to © or less after vehicle has started moving
if (velocity <= 0 and distance > 8)

{

| stopped = true; //Telling the loop to stop Llooping

| //Preventing the vehicle from going backwards when it should stop
| velocity = o;
)

acceleration = o;

//using RKu to calculate position (distance) based on the velocity calculation
distance = integrateRku(velocity, deltaTime, distance);

tine += deltaTime; //Incrementing the total simulated time
step++; //Increment current simulation step
#w2_write(velocity, distance, step, time, acceleration);//Saving the current simulation step to the csv file
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//RRu method of numerical integration

Float integrateRKU(float changeInX, float deltaTime, float x)//changeInX =y, deltaTime = h, x= x(n)

{

| float ki = changeInX;//k1, 1st order, current change in x at start of step

| float k2 = changeInX + (deltaTime / 2) * ki;//k2, 2nd order, estimate of midpoint of the time step based on ki

| float k3 = changeInX + (deltaTime / 2) * k2;//k3, 3rd order, estimate of midpoint of the time step based on k2

| float ku = changeInX + deltaTime * k3;//ku, Uth order, estimate of end point of the time step based on k3

{ return x + (deltaTime / 6) * (K1 + (2 * k2) + (2 * k3) + k#);//Calculating new value using the k values calculated above
1
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int passedTests = 6
//Testing the File Writer
Fileuriter testFu(test.csv
testFW.write(1, 2, 3, 4, 5);
‘testFW.close();
std::ifstream testFile,
testFile.open("test.csv’
std::string teststring
std: :getline(testFile >> std::ws, teststring);

std::cout << "Test string = " << teststring << std::endl;

testFile.close();

if (teststring == "Velocity(m/s), Position(m), Time Step(s), Time Elapsed(s), Acceleration (m/s/s)")

cout << "FileWriter Test Passed" << std::endl;;
passedTests++;
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//Testing the tractive force function

float testFloat = calculateTractForce(4);

std::cout << testFloat << std::endl;

float testFloat2 = calculateTractForce(18);

std::cout << testFloat2 << std::endl;

if (testFloat > 14.399999 and testFloat < 14.468001 and testFloat2 == 8)//C

{

std::cout << "calculateTractForce Test Passed” << std::endl;
passedTests++;
else

}

{
std::cout << "calculateTractForce Test Failed" << std::endl;
}
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//Testing the drag force calculation

testFloat = calculateDragForce(1, 0.21, 1, 9.81, 6.34, 1.2, 6.01)
std::cout << testFloat << std::endl;

if (testFloat > 2.264 and testFloat < 2.26u2)

{

| std::cout << "calculateDragForce Test Passed" << std::endl;
| passedTests++;

}

else

{
std::cout << "calculateDragForce Test Failed" << std::endl;
}
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//Testing the Euler's integration method
testFloat = integrateEulers(2, 1, 1);

std::cout << testFloat << std::endl;

if (testFloat == 3)

{

| std::cout << "integrateEulers Test Passed” << std::endl;
| passedTests++;

}

else

{

| std::cout << "integrateEulers Test Failed" << std::endl;
bl
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Velocity: 1, Position: 2, Time Step: 3, Time Elapsed: 4, Acceleration: 5
Test string = Velocity(m/s), Position(m), Time Step(s), Time Elapsed(s), Acceleration (m/s/s)
FileWriter Test Passed

14.4

0

calculateTractForce Test Passed

2.2641

calculateDragForce Test Passed

3

integrateEulers Test Passed

Total tests passed: 4/4
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while (!stopped) //main simulation loop

//sinulation 1 - Euler's Method

// vie need to use Euler's Method twice, once for the velocity, to update it based on its acceleration, then its position, based on its current
/1

//calculating the tractive force generated by the spring:

tractForce = calculateTractForce(distance);

//calculating the drag on the vehicle
dragForce = calculateDragForce(velocity, rollResist, vehMass, gravity, dragCoeff, airDensity, frontArea);

acceleration = (tractForce - dragForce) / vehMass; //Calculating the change in acceleration of the vehicle
velocity += acceleration * deltaTime; //Using Euler's Method to calculate change in velocity

//Checking if drag force has reduced velocity to © or less after vehicle has started moving
if (velocity <= @ and distance > 6)

stopped = true; //Telling the loop to stop looping

//Preventing the vehicle from going backwards when it should stop
velocity
acceleration
dragForce

o

distance += velacity * deltaTime; //Using Euler's Method to calculate change in distance

time 4= deltaTime; //Incrementing the total simulated time
stept+; //Incrementing the current simulation step
fn.write(velocity, distance, step, time, acceleration); //Saving the current simulation step to the csv file




