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[bookmark: _Hlk35057070]1.Abstract
In order to deepen and demonstrate the knowledge and understanding of the vehicle's kinematics and load transfer characteristics under steady state longitudinal and lateral acceleration, and test vehicle behavior analysis and simulation software. I will use a basic performance simulator to design and run an Aston Martin DB9 vehicle test to characterize how the roll stiffness distribution affects the steady-state load distribution of a racing model, and to study the accuracy and practicality of the vehicle load transfer prediction equation. At the same time, I will also study how aerodynamic settings affect the load distribution of the vehicle so that we can better understand the impact of aerodynamics on the overall balance of the vehicle.







[bookmark: _Hlk35855146]2.Introduction
First, the basic simulator software of choice is Motec i2 pro, and I will learn how to use it. And extensively research the data to determine the correct setting of vehicle parameters in the simulated environment. Team members then worked together to collect data from actual testing of the vehicle. After completing the data collection, combined with the content taught by Tim in the classroom and the introduction of the course files, to understand the experimental principles and calculation formulas of each part of the data, prepare for the subsequent personal analysis.
Before completing tasks 1 and 2, I must first fill in all the setup information for all runs in the setup form. Then write all the mathematical channels, which include aerodynamics, actual and predicted weight transfer, and understeer.












[bookmark: _Hlk35855175]3. Setup and Math Channels
3.1 Math Equation
Before completing the establishment of the setting table and the formula reference in the math channel, we must first understand what formulas we need in this experiment
3.1.1 Mathematical formula in task one
[image: ]
[bookmark: _Hlk35848414]                 Figure 4-2 –Double wishbone suspension 
 As can be seen from the figure, θ is the roll angle of the car, and the Aston Martin db9 we studied is a double wishbone independent suspension, so the formula for the roll angle is [image: ]，but the roll angle is usually small, so the formula can be approximated as： [image: ]，So we can calculate further to know：  [image: ]，

The anti roll moment is the moment produced by the springs and ARM which opposes the body or chassis roll.
[image: ]       
       [image: ]               [image: ]

	Roll stiffness ([image: ] ) describes the amount of torque required to roll the chassis through 1 radian 
[image: ]
[image: ]             [image: ]
Each suspension has its own roll stiffness and Kθ is the sum of the front and the rear roll stiffness’s
[image: ]            [image: ]
Kwf/r is the front/rear wheel rates and the equation to caculate is:
[image: ]
Overturning Moment is the moment created by the lateral acceleration which tires to rotate the sprung mass about the roll center. It is resisted by the anti roll moment and for equilibrium (steady state) must be equal.
[image: ] (H is the distance between the RC and CoG)
 Chassis roll angle can be calculated by dividing the rotational torque (Overturning moment) by the rotation stiffness and roll stiffness is the total roll stiffness as the chassis can only have one roll angle. (When we assume a rigid chassis)  
[image: ]  [image: ]   [image: ]
(For each part of the formula Ms -Sprung mass   ay -Lateral acceleration H - height of CoG from roll axis  Tf/r -Front/ rear tracks  kwf/r -wheel rates front/rear)
The corresponding suspension deflections and therefore wheel ;oad due to the weight transfer can be calculated because roll angles effect on suspension forces.
[image: ]   [image: ]     [image: ]
 Elastic weight transfer can be calculated at either end of the vehicle when it is sprung mass. 
[image: ]
The sprung mass geometric weight transfer due to the sprung mass acting at roll centre height.
[image: ]
 The unsprung masses are taken to act at wheel centre height and thus their weight transfer can be defined.
[image: ]  
 Load transfer can be broken down into three components.
   [image: ]
Figure 4-3 Composition of load transfer
So, the predicted total weight transfer is:[image: ]
[image: ]
The actual weight transfers can be calculated within the lectures: 
[image: ]


 CoG Height above Roll Axis(H)



3.1.2 Mathematical Formulas in Task 2 (Aerodynamics)
 Aerodynamic load can be calculated from Coefficients of lift and the aerodynamic coefficients will be different on each axle and it is depending on the position of the pressure. 
[image: ]
Then we can calculate the Aero load from different wheel through equation when car is driving along a straight line with a constant speed.
[image: ](when[image: ])and[image: ](when[image: ]) and[image: ]([image: ])

 Now we can calculate the coefficient of lift for both axles
For front:[image: ]
For rear: [image: ]
For the front lift in total lift:[image: ]
 For the force experienced by the car, when it is at a high speed, it can be assumed that the resistance consists of air resistance and rolling resistance. 
[image: ]
Figure 4-5 Coast down Test
At the high speed:[image: ]
At the low speed:[image: ]
Now we can calculate the aerodynamic drag force: [image: ]
However, out of the nine experiments that our group tested, only four sets of data indicate that the car has minimized the speed of passing resistance. Therefore, use the average of these four sets of data to calculate the air resistance coefficient of the car.
[image: ]     and    [image: ]
[image: ]

3.2 Setup sheets

[image: ]
Figure 4-6 Setup sheets

[image: ]
Figure 4-7 Set up sheets

For picture one and picture two, it shows all the setting information for different settings (suspension setup constants (Spring Rate, Arb Rate)), such as Wheel Rate Front (Kwf)，Wheel Rate Rear (Kwr)， CoG Height above Roll Axis (H)，Roll Stiffness Front，Roll Stiffness Rear
For these calculated values, by setting the time, you can directly see the calculated values under different settings in the date source. And the values calculated in the setting table can be directly used in the math channel。



3.3Math channels
[image: ]
Figure 4-8 Math Channels

In the analysis in Figure 3, we can see that in the setup of the mathematical channel, I introduced the actual mass transfer equation and the predicted mass transfer equation. The value required for the actual equation can be directly selected in the simulator, and the data in the prediction equation is introduced from the values calculated in the setting table. That's why the value must be determined before the math channel is established








4.Task one 
4.1 Introduction
I used the Motec i2 pro to analyze the steering movement of the car and collected data. I compared the actual motion of the car with the load transfer prediction equation calculated in the Excle table and discussed the validity of the car's prediction equation under non-steady-state conditions.
My group obtained the experimental data by changing the "anti-roll bar wheel speed" of the front and rear of the car

[bookmark: _Hlk35851385]4.2 Compare Actual and predicted Weight transfer

        [image: ]
[bookmark: _Hlk35850139]Figure 4-9 Actual and Predict Front Weight transfer against Front Roll Stiffness distribution
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[bookmark: _Hlk35851476]Figure 4-10 Actual and Predict Rear Weight transfer against Front Roll Stiffness distribution

It can be seen from the figure that as the percentage of front wheel roll stiffness increases, the actual weight transfer and predicted weight transfer at the front of the car also increase with the increase. However, the predicted value of the mass transfer of the front axle is smaller than the actual calculated value, the predicted value of the mass transfer of the rear axle is also smaller than the predicted value, and the actual value of the total mass transferred is also larger than the predicted value.
As the roll stiffness distribution increases, the curve of the actual value at the front gradually becomes slower, and the predicted value grows faster and gradually approaches the predicted value. The subsequent actual value curve gradually decreases, and the predicted value becomes faster and gradually deviates from the actual value. It shows the accuracy of the vehicle mass transfer prediction equation over time, but its accuracy needs to be improved. At the same time, because the weight transfer at the front is greater than the weight transfer at the rear. According to the previous formula, the understeer of the car also increases, and solving the problem of excessive understeer of the car can increase the roll stiffness of the rear of the car or reduce the roll stiffness of the front, that is, increase the rear ARB coefficient or reduce the front ARB coefficient


4.3 Compare Actual and predicted Magic Number
[image: ]
  Figure 4-11 Actual and Predict Magic Number against Front Roll Stiffness distribution

It can be known from the analysis of the graph that as the roll stiffness distribution of the car increases, the actual magic number and predicted magic number of the car also increase, but the curve increase rate of the actual value tends to be smooth and the predicted value increases. Rate increases. The result is that after the front wheel roll stiffness accounts for 75% of the total value, the predicted value of the magic number of the car is greater than the actual magic number of the car, which indicates that the critical value is reached after the actual weight transfer roll stiffness. The load transmission capacity will be weakened, which means that the vehicle's lateral acceleration transmission will be weakened, and the car's balance will be reduced. At the same time, it also shows that the transmission efficiency of the lateral stabilizer bar is reduced, because the lateral stabilizer bar has its own stiffness strength, and the alternating change of the weight that can be transmitted by itself will reduce the efficiency, so the weight transmission efficiency of the car will be reduced.


The difference between the actual value and the predicted value of the vehicle may also be a reduction in the attachment rate of the vehicle, that is, the actual weight of the vehicle attached to the ground is different from the expected value, that is, the contact area of the vehicle tire with the ground decreases when the vehicle turns. , Leading to a reduction in the acceptable driving force of the car, which leads to a reduction in the roll stability of the car. The roll stability of the car refers to the ability of the car to resist interference and maintain stable driving when it is subjected to external interference. This capability is determined by the roll angle, lateral acceleration and the load transfer rate of the car. Therefore, this is why the actual value is different from the predicted value.
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[image: ]
[bookmark: _Hlk35852622]Figure 4-12 Total Roll Stiffness with different ARB

It can be analyzed from the figure that the effect of different lateral stabilizer bars on the total roll stiffness of the car is shown in the figure. The broken line in the figure indicates that the roll stiffness of the car is determined by the front and rear lateral stabilizer bars of the car. The stiffness increases with the stiffness of the stabilizer bar. The influence of the front lateral stabilizer bar on the vehicle roll stiffness is greater than that of the rear lateral stabilizer bar.




5．Task two
I use Excle tables to analyze car data. The research method I use is to use the controlled variable method to analyze cars. At the same time, the aerodynamics, CL, CoP, drag and CD at different wing angles and splitter lengths are plotted for the length of the separator.

5.1 Changes in racing data at different wing angles

[image: ]
Figure 4-13 Total CL with different wing angle
[image: ]
Figure 4-14 Total CoP with different wing angle
[image: ]
Figure 4-15 Total CD with different wing angle

From the above three graphs, we can know that as the wing angle of the car increases, the total lift coefficient CL of the car increases. From the formula summarized above, we know that the car ’s CoP is caused by the increase in the total lift received by the car. The coefficient also decreases as the wing angle of the car increases. However, the aerodynamic force of the front part of the car is reduced and the dynamic coefficient of the rear part of the car is increased. The change in the wing angle of the car is a change in the rear part of the car, and the change in the rear part will cause the obstacle of the wing surface layer and the ground surface layer. Will slow down the airflow and reduce the downward negative pressure zone at the rear of the car, thereby increasing the aerodynamic lift at the rear of the car.
The air resistance coefficient of the car generally increases with the increase of the wing angle of the car, but on the curve of SL2, when the wing angle is set to 12, the CD decreases, which proves that the air of the car The drag coefficient is affected by both the Splitter Length and Wing angle at the same time. Under the appropriate setting conditions, it can reduce the air resistance of the car. Comparing the graphs of CL and CD at the same time, we can know that the curves of CD almost overlap, so we can know that the effect of different Splitter Length on CL is higher than that of CD.

5.2 Changes in racing data with different splitter lengths


[image: ]
[bookmark: _Hlk35852850]Figure 5-16 Total CL with different splitter length

[image: ]
  Figure 5-17 Total CoP with different splitter length
[image: ]
        Figure 5-18 Total CL with different splitter length

From the three charts above, we can know that as the car shunt length increases, the total lift coefficients CL and cop of the car also increase. According to the formula of 2.1, we can know that cop is related to the total force that the car is subjected to, so the total force that is carried at the front of the car is increased, and the total force that is carried at the rear of the car is reduced. The air resistance coefficient CD increases with the increase of the splitter length, but on the line WA2, it can be seen that when the splitter is at its maximum value, the air resistance experienced by the car is smaller.
The reason is that the proper height of the spoiler on the front of the car can prevent bumps on the bottom of the car from being directly hit by the airflow, thereby reducing air resistance. Therefore, the proper height and position of the spoiler can reduce the air resistance of the car.

















[bookmark: _Hlk35864884]6. Analysis
For weight transfer, the outer wheel provides greater lateral force than the inner wheel even under greater load. When the overall roll stiffness increases, the total weight transfer increases. As the forward roll stiffness increases, the weight transfer of the front axle will become more and more, which means that the front spring will become stiffer.
The aerodynamic negative lift is caused by the pressure difference caused by the difference in air speed around the wing. After passing through the leading edge, the air divides into two sides around the wing. As the distance traveled is longer, the lower air velocity through the upper part will be faster. This special structure results in lower pressure under the wing and higher pressure on the wing. Downforce and negative lift are then formed.








[bookmark: _Hlk35864918]7. Conclusion
In the steady-state steering experiment of the car, the weight of the car is compared with the predicted value of the car, and the result is constant. This can prove the correctness and effectiveness of the load transfer prediction equation, but the intermediate differences prove the limitations of the prediction equation, making it impossible to accurately predict and calculate under unstable conditions. The greater the proportion of forward roll stiffness in the total roll stiffness, the greater the weight transfer at the front, but the total roll stiffness will fluctuate.
In the straight-line driving performance test of the car, it can be known from the change in the tail angle that as the angle increases, the front load of the car decreases, and the rear load and total load of the car increase, thus leading to the lift coefficient decreases and the rear and total lift coefficients increase. The air resistance and air resistance coefficient experienced by a car decrease as the wing angle increases
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