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[bookmark: _Toc35627499]Introduction 
We were tasked with running an Aston Martin DB9 race car on the base performance simulator in groups in the IQ building. For the first part of the assignment we were tasked with collecting constant straight-line velocity & coast down data. We had to run a minimum of 3 setups    then we needed to evaluate how changing the aerodynamic loadings on the on the car effected our data. I was able to calculate the coefficients of lift & drag, aerodynamic balance and total front and rear aerodynamic loadings.
[image: ]For task 2 We needed to run a series of tests and characterise how the roll stiffness distribution affects steady state load distributions using the sim , to analyse the data and then display our findings we used motec which allows us to see the data in a suitable format. We were given three setups to investigate for the first part of the task we created math channels using the maths function in motec which allowed me to create my own channels using the data from the sim, I was then able to show the actual load distribution versus my predicted load distributions. (figure 1)
(tudor, 2020) 
Experimental procedure 
[image: ]For the first part of this experiment we ran a series of tests starting from zero flat out to 260km/h in 4th gear and then coast down to zero. we ran these setups F1 R1, F1 R6, F1 R12, F2 R1, F2 R6, F2 R12, F3 R1, F3 R6, F3 R12, F being the front wing angle and R being the rear wing angle. These setups mean that both rear and front wing angles go through min to max. we then used math channels to calculate the front and rear wing loads. We decided to use these setups as they provided us with the ability to examine the aero loads progressively by keeping the Front values stable at min, mid or max whilst fine-tuning the Rear wing angle. This meant that we had adequate data to generate clear graphs.
For task two we did some steady state testing at 50km/h at 25m radius we then adjusted the anti- roll bars and springs to see how this effects the vehicle weight transfer and load distribution and then the adverse effects it has on the vehicle balance.   
Table 1




[bookmark: _Toc35627500]Task 1 
For task 1 we used the base performance simulator in the IQ building to gather several sets of data, Using the Aston Martin DB9 race car. We could then have the actual wheel load channels and steady state data for numerous roll stiffness distributions. To collect the steady state data, I drove the Aston Martin round a 25m radius at roughly 50km/h.  

Graph 1
Along the x axis of graph one, one can see the different setups then on the y axis you have the weight transfer, the blue line is showing the actual total weight transfer and the orange line shows the predicted total weight transfer for the antiroll-bar setups. From the graph you can see a clear correlation between the predicted and actual frontal weight transfers however, the predicted values are assuming various constants for example the predicted weight transfer does not include any movement through the chassis so that would mean theoretically the chassis is infinitely stiff. Although they do have their similarities throughout the various ARB setups thus meaning that the equations can predict what will happen subsequently, the values are considerably lower.

 
Graph 2
Graph 2 uses the same axis as graph 1 however we only ran 4 setups for the spring investigation, we changed the front and rear spring rates to see how this would affect the roll stiffness distribution. We started off running the car with the front springs on minimum stiffness and the rear on max. from this you would expect the car to have a greater load on the front end of the car, thus giving more front-end grip however you would expect the car to want to oversteer.  

Graph 3
Graph 3 clearly shows my real and predicted magic number along with my roll stiffness distribution. On the sim we ran several setups as you can see from the graph along the x axis. From this you can see that the max roll stiffness is when the front ARB is at its max setting and the rear is at its minimum. Ideally what you want is for the front and rear load transfers to equate to each other this will theoretically mean that the chassis would be in equilibrium, which would give the DB9 good handling characteristics. (Deakin, A,2000) the magic number is calculated by using the following equation    .

Graph 4
Graph 4 shows the results from the final setup which was the ARB+ spring setups once again there is positive correlation between the two, although the actual loads are around 600n higher which seems to be a common trait of the predicted data throughout all of the testing. To gain the predicted total weight transfer I used the following equation in motec and by using a math channel it calculates the weight transfer at any point during the sim.


Front + rear load transfer = Total load transfer
The weight transfer is at its max at the first setup we did which is with the arb and spring both on their minimum which would make sense due to the fact that that the car would be resisting less to the longitudinal weight transfer resulting in the highest weight transfer for this setup.








Graph 5
Graph 5 shows the data for three setups, from this graph I have noticed a discrepancy between the predicted rear weight transfer and the actual weight transfer (circled) this could be due to the equation not accounting constants or variables from the simulator However, this is unusual as it does follow the majority of the actual weight transfer this is also the case with the predicted and actual weight transfer. This could also be down to my own personal error during the Motec/excel data analysis. I have noticed that there is a much higher front weight transfer than rear so this would mean that the car is destined to understeer.
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For task two of this assignment we were tasked to collect coast down data from the DB9, we did 9 runs, and each run we adjusted the front and rear aerodynamic settings in the base performance simulator. The aim of task 2 was to asses how the car reacts to these changes and using equations in excel we were able to work out the aerodynamic balance of the car and workout the  lift and drag  coefficients.  

	run 1 (F1 - R1)

	RUN 2 (F1 - R6)

	RUN 3 (F1 -R12)

	RUN 4 (F2 - R1)

	RUN 5 (F2 - R6)

	RUN 6(F2 - R12)

	RUN 7 (F3 - R1)

	RUN 8 (F3 - R6)

	RUN 9 (F3-R12)













Graph 6
Graph 6 shows the front and rear aero loads at each setup (displayed to the right of the graph) the graph clearly shows what you would expect to happen whilst changing front and rear wing settings. For example, run 3 with front set at its lowest and rear set at its maximum the frontal load is at its lowest force and the rear is providing its maximum force. I am confident that my math channels are correct due to the fact that there is a mirroring effect showing positive correlation when there is a more aggressive angle of attack at the front the rear aero force decreases and vice versa.  


  








Graph 7
This graph shows the setup along the x axis with the drag force running up the y axis, once again you can see clear correlation between the setups and drag force for example the drag force at min min is at roughly 1202n and at Fmax Rmax it has increased to 1646n this is because both front and rear aero setups are at their most aggressive setting meaning it would produce the most amount of drag for all of the setups. 
Once again there is a positive correlation between the two although this was expected due to “The drag coefficient is a number that aerodynamicists use to model all of the complex dependencies of shape, inclination, and flow conditions on aircraft drag. This equation is simply a rearrangement of the drag equation where we solve for the drag coefficient in terms of the other variables. The drag coefficient Cd is equal to the drag D divided by the quantity: density r times half the velocity V squared times the reference area A.”( Nancy Hall. (2015))
D = Cd * A * .5 * r * V^2









Graph 8
Graph 8 shows how the centre of pressure changes throughout each setup. This graph shows how the centre of pressure moves from the front to rear this is calculated by the following equation   

If the centre of pressure is more biased at the front end of the vehicle then this will cause the car to want to oversteer due to having more downforce at the front end of the car, whereas if you move the COP towards the rear of the car this will make the car understeer due to more downforce at the rear of the car. The Centre of pressure declines below 20% at run 3 This is since the angle of attack rises the Centre of pressure moves towards the front end of the car.
 














	run 1 (F1 - R1)

	RUN 2 (F1 - R6)

	RUN 3 (F1 -R12)

	RUN 4 (F2 - R1)

	RUN 5 (F2 - R6)

	RUN 6(F2 - R12)

	RUN 7 (F3 - R1)

	RUN 8 (F3 - R6)

	RUN 9 (F3-R12)













Graph 9
Graph 9 is showing the coefficients of lift at the front and rear of the vehicle along with the total coefficient of lift for the front and rear. The front Coefficient of Lift  drops as the rear aero increases but increases when the front aero increases. The total coefficient of lift seems to follow the rear coefficient of lift. 

 














conclusion 
From part one we have looked at 3 different setups which all affect the vehicles roll stiffness and load distributions from this data I have learnt a basic understanding of how the various setups impact the vehicles handling characteristics for example, if the car has a tendency to oversteer at say 50km/h then there is a higher lateral force acting on the front of the vehicle compared to the rear, then you would move the roll distribution further forward on the car. To achieve this, I would have a stiffer ARB on the front or alternatively you could soften the rear anti roll bar. As this would have the same affect assuming that the car had a slightly rear biased weight distribution, thus reducing the oversteer and increasing the cars driveability. 
The data from the sim is never going to be 100% accurate due to the fact the simulator has so many variables that aren’t taken into account, firstly the sim doesn’t account for temperature thus meaning that in actual fact the chassis and suspension will react in a different way at different temperatures albeit this won’t make a big impact it still adds to the accuracy. Secondly the sim doesn’t take into account the condition of the track thus meaning that you can’t predict how the car will handle under rough surface conditions. I would like to have more time on the simulator and run a few laps of Pembrey using the three setups to see how the car reacts and then have a look at lap times and compare. 
To mitigate all of the assumption’s made you could run these tests at Pembrey using the university’s race car (MCR), then you could have actual live data off the car and do this task again using the MCR’s specifications in Motec this would enable me to see exactly how accurate the predicted equations are mitigating all of the assumption’s from the simulator.	Comment by Joshua Lewis (1703080): 
For part two we looked at how changing the angle of attack for the front and rear wings adjust the handling characteristics of the car when gathering the data for the coefficient of drag I had to take an average of the rolling resistances because it was not giving a fair representation due to the fact the first 4 runs we did top speed in 4th down to zero however the last 5 we only went down to 100km/h. so I used the average for the first 4 runs which was 477.4N as I feel this was the most accurate way to account for the missing data, if I were to run this test again then I would like to spend some more time in the sim and be able go down to zero every time just to alleviate the possibility.  
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ARB - Magic Number and Rollstiffness Distribution

Actual Magic Number	ARB Fmid: Rmid	ARB Fmin : Rmax 	ARB Fmax: Rmin	ARB Fmin: Rmin	ARB Fmax :Rmax	ARB Fmin :Rmid	ARB Fmid : Rmin	ARB Fmid : Rmax	ARB Fmax : Rmid	0.64046579330422126	0.59357277882797732	0.65093768905021177	0.62193428968070341	0.64529914529914534	0.60197530864197535	0.660377358490566	0.62906923429619443	0.66206568300809143	Predicted Magic Number	ARB Fmid: Rmid	ARB Fmin : Rmax 	ARB Fmax: Rmin	ARB Fmin: Rmin	ARB Fmax :Rmax	ARB Fmin :Rmid	ARB Fmid : Rmin	ARB Fmid : Rmax	ARB Fmax : Rmid	0.65089121081745549	0.65110712148414118	0.66850393700787403	0.65102639296187681	0.65116279069767447	0.65094339622641506	0.6511335012594458	0.65098722415795585	0.65099457504520797	Rollstiffness Distribution	ARB Fmid: Rmid	ARB Fmin : Rmax 	ARB Fmax: Rmin	ARB Fmin: Rmin	ARB Fmax :Rmax	ARB Fmin :Rmid	ARB Fmid : Rmin	ARB Fmid : Rmax	ARB Fmax : Rmid	0.70355919747137363	0.59285466472290893	0.79670014382310073	0.67880494506822142	0.7297373093950793	0.6244835046018884	0.7510026995902287	0.6751258043157734	0.75512467188937804	Setup


Magic Number (%)


Rollstiffness Distribution (%) 




spring + ARB setup investigation actual vs predicted

total weight transfer	spring Fmin - Rmax	spring Fmax - Rmin	spring Fmax - Rmax	spring Fmin- Rmin	2047	2046	2135	2090	predicted total weight transfer	spring Fmin - Rmax	spring Fmax - Rmin	spring Fmax - Rmax	spring Fmin- Rmin	1614	1616	1684	1650	arb+spring total load transfer	ARB spring min min 	ARB spring max max 	2055	2041	predicted total load transfer	ARB spring min min 	ARB spring max max 	1612	1610	setup


weight transfer (N)




weight transfer of all three setups 

Weight Transfer Front 	ARB Fmid: Rmid	ARB Fmin : Rmax 	ARB Fmax: Rmin	ARB Fmin: Rmin	ARB Fmax :Rmax	ARB Fmin :Rmid	ARB Fmid : Rmin	ARB Fmid : Rmax	ARB Fmax : Rmid	1059	1320	938	1208	1555	2403	1256	1076	1344	1510	1219	1330	1372	1391	Pridicted Weight Transfer Front	ARB Fmid: Rmid	ARB Fmin : Rmax 	ARB Fmax: Rmin	ARB Fmin: Rmin	ARB Fmax :Rmax	ARB Fmin :Rmid	ARB Fmid : Rmin	ARB Fmid : Rmax	ARB Fmax : Rmid	827	1059	778	1027	1336	2023	1088	849	1110	1204	1035	1034	1121	1080	Weight Transfer Rear	ARB Fmid: Rmid	ARB Fmin : Rmax 	ARB Fmax: Rmin	ARB Fmin: Rmin	ARB Fmax :Rmax	ARB Fmin :Rmid	ARB Fmid : Rmin	ARB Fmid : Rmax	ARB Fmax : Rmid	551	741	571	781	1033	1521	860	577	817	830	806	684	809	710	Predicted Weight Transfer Rear	ARB Fmid: Rmid	ARB Fmin : Rmax 	ARB Fmax: Rmin	ARB Fmin: Rmin	ARB Fmax :Rmax	ARB Fmin :Rmid	ARB Fmid : Rmin	ARB Fmid : Rmax	ARB Fmax : Rmid	444	568	417	551	717	1085	583	421	595	645	555	554	601	579	predicted weight transfer total	!$A$2:$A$15	1271	1627	1195	1578	2053	3108	1671	1270	1705	1849	1590	1588	1722	1659	



front and rear aero loads

front aero load	run 1 (F1 - R1)	RUN 2 (F1 - R6)	RUN 3 (F1 -R12)	RUN 4 (F2 - R1)	RUN 5 (F2 - R6)	RUN 6(F2 - R12)	RUN 7 (F3 - R1)	RUN 8 (F3 - R6)	RUN 9 (F3-R12)	1631	954	761	1548	1441	1263	1931	1804	1654	rear aero load	run 1 (F1 - R1)	RUN 2 (F1 - R6)	RUN 3 (F1 -R12)	RUN 4 (F2 - R1)	RUN 5 (F2 - R6)	RUN 6(F2 - R12)	RUN 7 (F3 - R1)	RUN 8 (F3 - R6)	RUN 9 (F3-R12)	3203	2756	3439	2072	2610	3287	1970	2525	3178	setup


force (N)




aero drag and coefficent of drag  

areo drag force	run 1 (F1 - R1)	RUN 2 (F1 - R6)	RUN 3 (F1 -R12)	RUN 4 (F2 - R1)	RUN 5 (F2 - R6)	RUN 6(F2 - R12)	RUN 7 (F3 - R1)	RUN 8 (F3 - R6)	RUN 9 (F3-R12)	1202.5999999999999	1323.6	1475.6	1295.5999999999999	1419.6	1552.6	1393.6	1494.6	1646.6	CD	run 1 (F1 - R1)	RUN 2 (F1 - R6)	RUN 3 (F1 -R12)	RUN 4 (F2 - R1)	RUN 5 (F2 - R6)	RUN 6(F2 - R12)	RUN 7 (F3 - R1)	RUN 8 (F3 - R6)	RUN 9 (F3-R12)	0.89882906574394461	0.9892650519031142	1.1028705882352943	0.96833771626297582	1.0610159169550173	1.1604207612456747	1.0415833910034602	1.1170712802768166	1.2306768166089965	setup 


Drag force (N)





COP @ each setup

COP	run 1 (F1 - R1)	RUN 2 (F1 - R6)	RUN 3 (F1 -R12)	RUN 4 (F2 - R1)	RUN 5 (F2 - R6)	RUN 6(F2 - R12)	RUN 7 (F3 - R1)	RUN 8 (F3 - R6)	RUN 9 (F3-R12)	33.740173769135289	25.714285714285712	18.119047619047617	42.762430939226519	35.571463836089855	27.758241758241759	49.500128172263523	41.672441672441671	34.230132450331126	setup


FORCE (%)




CLR VS CLF

CLF	run 1 (F1 - R1)	RUN 2 (F1 - R6)	RUN 3 (F1 -R12)	RUN 4 (F2 - R1)	RUN 5 (F2 - R6)	RUN 6(F2 - R12)	RUN 7 (F3 - R1)	RUN 8 (F3 - R6)	RUN 9 (F3-R12)	0.83018192101046295	0.48558770854934497	0.38735036289942509	0.78793477236308807	0.73347158073333973	0.64286926194740324	0.98288245829013121	0.91823923084173831	0.84188896220190412	CLR	run 1 (F1 - R1)	RUN 2 (F1 - R6)	RUN 3 (F1 -R12)	RUN 4 (F2 - R1)	RUN 5 (F2 - R6)	RUN 6(F2 - R12)	RUN 7 (F3 - R1)	RUN 8 (F3 - R6)	RUN 9 (F3-R12)	1.6303327363559244	1.4028089358092188	1.7504571590159301	1.0546517108115752	1.3284946743331136	1.6730888867942315	1.002733528136488	1.2852295221038743	1.6176076915826187	CLT	run 1 (F1 - R1)	RUN 2 (F1 - R6)	RUN 3 (F1 -R12)	RUN 4 (F2 - R1)	RUN 5 (F2 - R6)	RUN 6(F2 - R12)	RUN 7 (F3 - R1)	RUN 8 (F3 - R6)	RUN 9 (F3-R12)	2.4605146573663874	1.8883966443585638	2.1378075219153554	1.8425864831746632	2.0619662550664533	2.3159581487416347	1.9856159864266192	2.2034687529456125	2.4594966537845231	setup


Coefficent of Lift 




Total Weight Transfer vs Predicted Weight Transfer (ARB)

weight transfer total	ARB Fmid: Rmid	ARB Fmin : Rmax 	ARB Fmax: Rmin	ARB Fmin: Rmin	ARB Fmax :Rmax	ARB Fmin :Rmid	ARB Fmid : Rmin	ARB Fmid : Rmax	ARB Fmax : Rmid	1610	2061	1509	1989	2588	3924	2116	1653	2161	2340	2025	2014	2181	2101	predicted weight transfer	ARB Fmid: Rmid	ARB Fmin : Rmax 	ARB Fmax: Rmin	ARB Fmin: Rmin	ARB Fmax :Rmax	ARB Fmin :Rmid	ARB Fmid : Rmin	ARB Fmid : Rmax	ARB Fmax : Rmid	1271	1627	1195	1578	2053	3108	1671	1270	1705	1849	1590	1588	1722	1659	Setup


Weight Transfer (N)




spring setup investigation actual vs predicted

total weight transfer	spring Fmin - Rmax	spring Fmax - Rmin	spring Fmax - Rmax	spring Fmin- Rmin	2047	2046	2135	2090	predicted total weight transfer	spring Fmin - Rmax	spring Fmax - Rmin	spring Fmax - Rmax	spring Fmin- Rmin	1614	1616	1684	1650	setup


weight transfer (N)
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