[bookmark: _Toc321147149][bookmark: _Toc318188227][bookmark: _Toc318188327][bookmark: _Toc318189312][bookmark: _Toc321147011][image: ] School of EngineeringAerodynamic Vehicle Testing and analysis

Advanced Vehicle Dynamics
Beng motorsport engeering 
Anthony Hau | P146898 | M6X00415| 25-12-2018


[bookmark: _Toc498878638][bookmark: _Toc498880658][bookmark: _Toc535211406]Contents
1	Contents	2
2	Aims and Introduction	4
3	Method	4
3.1	job rolls	4
	Driver feedback collect	4
	Live data monitor	4
	Veachle set up	4
	Data collect	4
3.2	Test plan and schedule	5
3.2.1	skid pad test	5
3.2.2	Cost down test	5
3.2.3	Circuit test	5
3.2.4	Schedule	6
4	Equations	7
4.1	Corner radios	7
4.2	Theoretical Steer	7
4.3	Corrected Theoretical Steer	8
4.4	Understeer	8
4.5	longitudinal weight transfer	8
4.6	Aero Load	9
4.7	C.O.P	9
4.8	CL	9
4.9	CD	10
4.10	Drag force	10
4.11	Lift to drag ratio	10
4.12	rake angle	11
4.13	Ride Height front	11
5	Results and Analysis	11
[bookmark: _Toc440230987][bookmark: _Toc440393700][bookmark: _Toc440416359][bookmark: _Toc440455986][bookmark: _Toc468196059][bookmark: _Toc468196799][bookmark: _Toc498878355][bookmark: _Toc498878639][bookmark: _Toc498880659][bookmark: _Toc535211407]Aims and Introduction
Simulator use for vehicle testing have been widely utilise in vehicle and motorsport industry. It can shorten the ruing time and cost of a car. Due to regulation constraints in formula one, on track testing have been limited. Simulator testing have substituted on track testing.
the report includes Simulator tests on GP2 Race car model. the aim of the report is to characterise the aerodynamic and handle performance with changes of down force and ride high of the car. After the simulator data collection, the analysis will be carried out with using MoteC I2 pro analysis software.
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[bookmark: _Toc535211409]job rolls 
to able to gather the data from the sim, there is different jobs for the experimenter. Here are the jobs.
· [bookmark: _Toc535211410]Driver feedback collect
Collecting driver feedback can help to find backup the finding of the sim data. 
· [bookmark: _Toc535211411]Live data monitor
Monitoring live data can make sure the sim function correctly. Well make sure the driver dose drive correctly, to provide useful data.
· [bookmark: _Toc535211412]Veachle set up
To set up the car to the right aerodynamic setting. Also make sure the driver provides correct data. if the car hitting the kerb in the corner to hard, the data may not be useful.
· [bookmark: _Toc535211413]Data collect 
Save and name the data after each session also monitor the driver.


[bookmark: _Toc535211414]Test plan and schedule
[bookmark: _Toc535211415]skid pad test
 to able to calculate the actual steering angle of the car, the relation between theoretical steering angle to the actual steeling angle is needed.
By having the car drive at a constant low speed in a constant steering in the skit pad the steering shouldn’t produce any understeer or oversteer. there for it can gene generate the ratio of steering wheel percentage to between theoretical steer.
[bookmark: _Toc535211416]Cost down test
With cost down test on different aerodynamic setting on the car. It should Gallarate aerodynamic drag force with rolling resistance of the wheel. And when it on low speed, the drag force should be near zero. 
Cost down test on high speed with different aerodynamic setting is needed to define the drag force. Since aerodynamic drag force on low speed is minimal, only one test is needed on the low speed cost down test.
[bookmark: _Toc535211417]Circuit test
different vehicle setup needs to be tested on the circuit to understand the behaviour. To understand the vehicle behaviour fully, the test group decide to test on the Snetterton circuit on the simulator. Because the sizes of the circuit are the smallest with different sizes of turn and a long straight. 


[bookmark: _Toc535211418]Schedule
With only two hours of testing time, the group was aiming to use 30 minutes to finish all the skid pad test and cost down test and about 8 minutes to finish each suasion of testing.
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Overtime 
The group did not put driver practicing time in to consideration. After cutting four of the testing in down force the group still haven’t finish all the test, the group have another driver to test out default ride high and a flat front to rear ride high.
During driver practice the brake balance of the car have been change from the original to 58% to the front for the driver preference.
There is no cost down test been done on different ride high change. Drag force of ride high change can only be assume as the same as default ride high.


[bookmark: _Toc535211419]Equations
Most equations are for maths chancel from I2pro with dynamic changes. The coefficient of drag is calculated by using excel, since they are Constance number.
[bookmark: _Toc535211420]Corner radios
I2pro have log the speed of the car in km/h, it needs to converse in to m/s. also the lateral G force times it by the gravity to turn it to newtons.
(Speed/3.6) ^2/ (G Force Lat*9.81)
[bookmark: _Toc535211421]Theoretical Steer
Change the angle from radians to degree. The minus sign is for matching the steering wheel direction.
-(wheelbase/Corner Radius) *(360/2π)
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Figure 1


[bookmark: _Toc535211422]Corrected Theoretical Steer
To find the corrected theoretical steering and change it to the right ratio. times the theoretical steer to the ratio of steering percentage over the theoretical steer when it’s on low speed circle test. Like theoretical steer the minus sign is to match the right steering deration.
-Theoretical Steer (-20.81/4)
[image: ]
Figure 2
[bookmark: _Toc535211423]Understeer 
When steering wheel percentage grater then corrected steer the car understeering. And when its small, its oversteering.
abs (Steering Wheel Pct) - abs (Corrected Steer)

[bookmark: _Toc535211424]longitudinal weight transfer
sprung mass is 0.85 of the total vehicles.

mass*0.85* G Force Long*9.81*canter of gravity height/wheelbase 


[bookmark: _Toc535211425]Aero Load
Aero load can be calculated from the load of the car minus the static load on the car. longitudinal weight transfer won’t affect the total load on the car but it would shift the load on the car forward and backward. The load goes bigger when the Wight shift forward, that’s why the front aero load has negate the load by minus the Wight shift and the opp\

Front Aero Load
Tire Load FL+ Tire Load FR - static load FL - static load FR - Long WT

Rear Aero Load
Tire Load RL+ Tire Load RR - static load RL - static load RR + Long WT

Total Aero Load 
Front Aero Load +Rear Aero Load

[bookmark: _Toc535211426]C.O.P
Front Aero Load / Total Aero Load

[bookmark: _Toc535211427]CL
[bookmark: _Hlk535201965]L = (1/2) ρ CL v2 A
[bookmark: _Hlk535202020]CL= 2L / ρ v2 A




[bookmark: _Toc535211428]CD
Use the information gather from cost down test to find v1, v2, v3 and v4. Set the time t1 to t2 and t3 to t4 at one second. V3 and v4 should be the velocity of high speed cost down test in 1 second, and v1 and v2 should be the velocity of low speed cost down test in 1 second.
Cd * A = 2 (ma1 - ma2) / (ρ vm^2)
vm = (v2 + v1)/2
a2= (v4 - v3) / (t4 -t3)
a1= (v2 - v1) / (t2 - t1)
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Figure 3
[bookmark: _Toc535211429]Drag force
D = (1/2) ρ CD v2 A
[bookmark: _Toc535211430]Lift to drag ratio
CL/CD
[bookmark: _Toc535211431]rake angle
in I2pro there is gyro pitch angle which is the opposite direction of the rake angle of the car. Minus the gyro pitch angle to get the rake angle
-Gyro Pitch Angle

[bookmark: _Toc535211432]Ride Height front
Ride Height front
(Ride Height FL +Ride Height FR)/2
Ride Height rear
(Ride Height RL +Ride Height RR)/2

[bookmark: _Toc535211433]Results and Analysis
Down force changes

Cd
[image: ]

Here is the compression of the fastest lap of high, mid and low-down force on both front end and rear end of the car. On the high downforce show in red the car is less under the bake paddle use. With the low downforce setting show in blue line, the car is more understeer there is a lot more brake paddle been use it could be cost by the lack of grip of the car.
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Figure 4
Figure 5 is showing the car in max front and min rear downforce compeer with min front and max rear downforce. Compeer to same downforce setting, different front to rear seating look more unstable. They both wave between understeer and oversteer a lot more. Specially max front min rear, it have a lot more oversteer camper to others.
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Figure 5

figure 6 showed the sown force though the whole circuit. with the higher down force in lower the speed the better. [image: ]
Figure 6 total downforce versus speed
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Figure 7 lateral acceleration versus speed




[bookmark: _GoBack]Ride high changes[image: ]
Figure 8
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Figure 9
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Figure 10
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cd v1mph v2mph v4-v3mphv1 v2 v4-v3 A ma1 ma2 roh vm

std aero 0.472113 189.3 180.6 1 84.62467 80.73542 0.44704 1.2 2675.803 307.5635 1.223 82.68005

max f max r 0.511862 187.9 178.7 1 83.99882 79.88605 0.44704 1.2 2829.584 307.5635 1.223 81.94243

mid f mid r 0.345863 192.6 185.7 1 86.0999 83.01533 0.44704 1.2 2122.188 307.5635 1.223 84.55762

low f low r 0.21412 197.9 193 1 88.46922 86.27872 0.44704 1.2 1507.061 307.5635 1.223 87.37397

 max f low r 0.377947 181.2 174.5 1 81.00365 78.00848 0.44704 1.2 2060.676 307.5635 1.223 79.50606

low f max r 0.445382 186.9 178.8 1 83.55178 79.93075 0.44704 1.2 2491.265 307.5635 1.223 81.74126
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