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1 Introduction

The objective of this technical report is to document the designing, running and results of a
simulated test. The car being investigated is the Aston Martin DB9 Race Car model, through
testing the aerodynamic and suspension performance will be characterised. These results
are then analysed and discussed.

The data was collected over two one hour sessions in the simulator as part of a five-person
group. These tests were planned in Microsoft Excel, see Appendix A. This report and the

data analysis was carried out individually. The data was collected in the simulator as MoTeC
files and then further analysed in MoteC.

1.1 Objective
The objective of the test is to accurately characterise the aerodynamics and handling
behaviour of the Aston Martin DB9 Race Car by investigating a variety of setups.

1.2 Aims
a. To plan and carry out simulator testing

b. To collect and create maths channels in MoTeC

c. To Analyse and characterise the vehicle performance

06/01/20 4 of 23
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2 Methodology

At the beginning of this project work was carried out as a group to identify a test plan and
schedule for the two, single hour simulation sessions. The test plan that was created, see
appendix A.

The plan for the first session was to carry out the straight-line testing and one complete lap
around Silverstone South track for each aerodynamic and suspension setup, not including
damper setups. Nearly all but two were completed in this first session. After the first session,
the data was checked to confirm all the runs were of good quality and if any bad runs were
found they could be re-run in the following session. All the runs were good so no repeats
were needed for session two.

Session two went more smoothly than the first with better communication between group
members. This meant setup changes were quicker so the runs all ran through efficiently.
This left time for a re-run of the standard setup to evaluate the consistency of the driving
against the previous sessions standard setup.

The next part of the project was to produce maths channels in MoteC and analyse the data
both through data traces and graphs. The maths channels created can be seen in figure 1.
To see all the formulas for these maths channels, see Appendix D.

Corrected Speed (m/s)

Understeer

Lateral Acceleration (m/s/s)

Total Aerodynamic Loads (N)

Predicted Elastic Weight

Transfer Rear (N)

Predicted Unsprung Weight

Transfer Rear (N)
Basic Predicted Weight
Transfer (N)

Roll Stiffness Distribution

Damper Weight Transfer Front

(N)

Predicted Weight Transfer Total

with Dampers (N)

Figure 1 — List of Math Channels
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Corner Radius (m)

Actual Front Weight
Transfer (N)
Overturning Moment
(Nm)

Centre of Pressure (%)

Predicted Sprung
Weight Transfer Front
(N)
Predicted Weight
Transfer Front (N)
Actual Magic Number

Longitudinal Weight
Transfer (N)
Damper Weight
Transfer Rear (N)

Predicted Magic
Number with Dampers

(N)

Theoretical Wheel
Steer Angle (deg)
Actual Rear Weight
Transfer (N)
Front Aerodynamic
Loads (N)
Predicted Roll Angle
(rad)

Predicted Sprung
Weight Transfer Rear
(N)
Predicted Weight
Transfer Rear (N)
Predicted Magic
Number
Damper Coefficients
FL, FR,RL & RR
Predicted Weight
Transfer Front with
Dampers (N)
Aerodynamic Drag
Force (N)

Theoretical Steer
Percentage (%)
Actual Total Weight
Transfer (N)
Rear Aerodynamic
Loads (N)
Predicted Elastic
Weight Transfer Front
(N)
Predicted Unsprung
Weight Transfer Front
(N)
Predicted Weight
Transfer Total (N)
Tyre Slip (Average
Front / Total)
Damper Force (N)
FL, FR,RL & RR
Predicted Weight
Transfer Rear with
Dampers (N)
Aerodynamic
Efficiency
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3 Aerodynamic Results Silverstane

The Aerodynamic results were analysed over an entire lap of the
circuit, the lap can be seen in Figure 2.
Figure 2 -
All the graphs in section 3 use the following key. Silverstone South Circuit
Setup 1 = Red, Setup 2 = Black.
Setup one was the standard setup with splitter on option 2 and wing on option 8.

Setup two was the maximum setup with splitter on option 3 and wing on option 12.

3.1 Coefficients of Lift and of Drag

To gain these results, a straight-line test was carried out. The following equations were used
to calculate the coefficients of lift and of drag respectively, from the data collected in the
simulator.

_ DragForce
T 05XxpxXAxXv2

_ Total Aero Load
T 05%xpxXAXv?

(Hall, 2015)

The Coefficient of drag was calculated from a coast down test, where the car rolled from a
high speed to a stop with no interference. This was done by calculating two points of
acceleration; one where drag force and rolling resistance were present and one where just
rolling resistance were present. Assuming rolling resistance was constant at all velocities,
the drag force could be calculated and since the air density, the frontal area where constants
and the average velocity could be recorded Cd was solved.

Coefficient of lift was calculated when the car was travelling at a constant speed on the
limiter and the tyre loads where recorded, the static loads were taken away from this to give
the total aero load so then Cl could be solved.

Cl Cd
Standard Setup (2,8) -1.755 1.056
Drivers Prefered Setup (3,12) | -2.015 1.190

Figure 3 — Coefficient of Lift and Drag values

These values calculated are also roughly what would be expected as race cars have an
approximate coefficient of lift of -3 and coefficient of drag of 0.75 (Katz, 2016) which is
similar values to the Astons where its coefficient of lift is slightly closer to zero and the
coefficient of drag is a bit larger too.

From these resulting values, other maths channels could now be calculated. These included
the aerodynamic drag force and the aerodynamic efficiency, to name a few.
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3.2 Recorded Total Negative Aerodynamic Lift
The following equations were used to calculate the negative aerodynamic lift force maths
channel.

Mass X lateral acceleration X Height of Centre of Gravity
Wheelbase

Longitudinal Weight Transfer =

Front Aero Load = (Tyre Load FL + Tyre Load FR) — (Static Load FL + Static Load FR)
+Longitudinal Weight Transfer

Rear Aero Load = (Tyre Load RL + Tyre Load RR) — (Static Load RL + Static Load RR)
—Longitudinal Weight Transfer

Total Aero Load = Front Aero Load + Rear Aero Load

8000] Total Aera Loads.f1.000 [M] D 4832 [ 5506 B-s67

& 200 400 600 800 1000 1200 1400 16500 1800 2000 2200 2400 2600 2800

Graph 1 - Actual Total Negative Lift Force - Setup 1 and 2

Graph one shows that setup two has a higher negative lift over an entire lap at nearly every
point. This is especially obvious when the car is at high speeds. This is caused due to setup
two having a larger negative lift coefficient. At lower speeds however, the setups have
similar aerodynamic loads. This means that changing the splitter and the wing set up will
only drastically affect the downforce when at high speed. There is one point at about 600m
to 700m where setup two is less, this could be due to the driver braking earlier in setup two
causing the car to be going slower than in setup one so the downforce would reduce. Having
a higher downforce allows the car to travel at higher velocities around corners (Yager, 2001)
without running wide due to the increased grip.

3.3 Predicated Aerodynamic Drag
This maths channel used the previously calculated coefficient of drag in the equation below.

Predicted Drag Force = 0.5 X p X Cd X A X v?

Graph 2 - Predicted Drag - Setup 1 and 2

Setup one can be seen to have less aerodynamic drag than setup two, in graph 2. This is
because setup one has a lower coefficient of drag. Under braking, they have similar
aerodynamic drag and this is due to the drag force helping the car brake. This means with
setup two the driver can brake later into the corner, however setup one will be able to reach
higher speeds quicker on the straights. This means to set up two will feel a better handling
car, compared to setup one, but will feel slightly sluggish and slow at higher speeds when
accelerating (Yager, 2001). Also as seen in the negative lift graph at the same point under
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braking there is a slight anomaly for the drag were setup two is less than setup one. This
confirms that there is a relationship between lift and drag and that the anomaly is highly
likely due to driver input rather than a mathematical anomaly.

3.4 Aerodynamic Negative Lift vs. Longitudinal Speed
The maths channel used was the aerodynamic load which was used in section 3.2. This
plotted against velocity has produce graph 3.

0 e hero oot N W97 W33
14000
13000
L2000
L1000
10000

2000

8000

0 2 4 & 8 10 12 14 15 18 20 22 24 26 2B 30 32 34 36 3B 4 42 44 4 48 50 52 54 55 58 60 62 64 66 63 70 72 74 76 78 80
Corrected Speed [m/s] [ 42 {OR]

Graph 3 — Negative Lift vs Speed — Setup 1 and 2

The Graph shows that for the same velocity, setup 2 has a higher downforce. However the
larger the velocity the larger the difference between the two setups forces. This is due to
aerodynamic downforce being proportional to velocity squared (The Building Speed Blog,
2012). This is why downforce is more important at circuits where higher velocities are
reached whereas as low-speed circuits the change will have a negligible effect on the
downforce performance but the drag force may still affect it
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3.5 Lateral Acceleration vs. Longitudinal Speed

3279 Samples, Zoom Linked
w Lateral Acceleration [m/s?] [l -17 (OB

35

-35 T T T T T T T T T T T v T T a v T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 N0 32 33X 336 3 40 492 45 4 48 0 52 5S4 6 S8 60 62 64 66 68 M
Corrected Speed [m/s] [ 46 @

Graph 4 - Lateral Acceleration vs. Speed — with trend lines — Setup 1 and 2

This graph appears complicated and unorganised, but if you look closely you can see that at
low velocities there is a high positive and negative lateral acceleration and as velocity
increase, the lateral acceleration tends towards zero, as shown by the blue lines. There is
little or no lateral acceleration at high speeds because high speeds only occur on the
straights, however high lateral acceleration will occur in corners where the car will be
travelling at lower speeds due to the limit in the grip. Setup two has higher positive and
negative lateral acceleration at lower velocities as the increased downforce allows the car to
travel at a higher velocity through corners, therefore, causing more lateral acceleration.

3.6 Aerodynamic Downforce on the Front and Rear Axels

The math channels used were the ones explained in section 3.2. Graph 5 shows how the
aerodynamic setup affects the load on the front axle.

5000
45003
40004
3500
3000
25003
2000
1500
1000

5004

-500]
-10004
-15004
20003
25004

-30003
-35004
40004
-4500 4

-5000 4

200 aon &0 an 000 1700 1400 1600 80 000 2700 2a0n 2600 2800

Graph 5 — Negative Lift on Front Axle — Setup 1 and 2

The front axle loads were very similar for both setups with setup two being marginally higher
at some points. The reason there isn’t much difference is that the splitter is what affects the
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front axle loads and the difference in splitter types has a very small difference in the overall
lift of the car. The splitters also have to be designed so they help reduce drag (Formulal
Dictionary, 2019) so if the splitters focused on reducing drag then the negative lift
improvement wouldn’t be very noticeable.

Graph 6 is showing the same equation but applied to the rear axle. This Graph appears very
similar to graph 5.

Turn 2 St 4-5 BT |

o Actual Rear WT.f0.250 [N] [ 1 [OE3 A

5000
4500
4000
3500
3000]
2500
2000
15004
10004

5003

A m
|

o i
20y W W Lw

-2500

-3000 4
-3500 ]
-4000
-4500

200 400
Graph 6 — Negative Lift on Rear Axle — Setup 1 and 2

600 300 1000 1200 1400 1600 1800 2000 2200 2400 2600 2500

The rear axle looks very similar to the front axle, however, the data doesn’t look as clean.
The loads on the rear axle are of similar values to the front which means that the
aerodynamic forces are acting nearly equally at the front as they do at the rear. Even though
on both graph 5 and 6 the difference in setups looks very small when adding the axles
together, it does have an overall effect on the car as seen in section 3.2.
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3.7 Centre of Pressure

The Centre of Pressure is the point at which the resultant aerodynamic forces act on the car
(Collins Dictionary, 2019). This is taken as a percentage from the front axle, where 100% is
all on the front axle and 0% is all on the rear axle. This investigation uses the calculated
values for the front aerodynamic load and the total aerodynamic load using the following
equation.

Front Aero Load

x 100
Total Aero Load

Centre of Pressure =

Stro-1 | um1i | St 12 Turn 3 str 3-+ [T

= Centre of Pressure. f0.500 [%] T 38 [OEH B4
100
50
20
70]
&0
50
22
30
2]
104

o V v \7

50

60
0

80
a0
-100-3

100 200 300 400 500 600 700 800 500 1000 1100 1200 1300 1400 1500 1600

Grph 7 — Centre of Pressure — Setup 1 and 2

Graph 7 shows that setup two has a centre of pressure slightly further forward than setup
one. This means when turning in to a corner, set up two is slightly more unstable as there is
limited grip at the rear which could cause more chance of turn in oversteer (Formulal
Dictionary , 2019). However, at higher speeds, the car has a more even front to rear load
distribution with set up two.

The anomalies of the negative centre of pressure are due to points at which the apex of the
corner was hit which caused there to be no load on the front inside tyre causing a negative
front aerodynamic load to occur.
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4 Suspension Results

Two corners were used for the investigation. Figure 4 shows the corner used for the high
speed corner and Figure 5 shows the low speed corner used.

=
Silverstone 5 Silverstone S

Figure 4 — high speed corner Figure 5 — low speed corner

4.1 Anti-Roll Bar
4.1.1 High Speed Corner

Str0-1
[« Actual Total WT.f0.500 ] I 156 [ 101 A5z

5000
45003
40003
3500
3000
2500
2000
15003
1000

5003 9

-500

-1000 3
-15004
20004
-2500
-3000
-3500
40004
-4500 4

-50004
-5500 4

Graph 8 — Anti Roll Bar rate — three setups — high speed corner

Graph 8 shows three setups, standard in red, maximum stiffness in green and minimum
stiffness in black. At the entry to the corner, the weight transfer for all three setups is very
similar. This means that the anti-roll bar rate has little effect on high speed corner entry this
is also true for the apex of the corner as they all have a very similar weight transfer.
However, at the exit of the corner, the standard setup experiences the least weight transfer,
which isn’t expected but the stiffest anti-roll bar rate has a large weight transfer which would
be expected. As the stiffer, the anti-roll bar the more lateral load is transferred (Suspension
Secrets, 2017).
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4.1.2 Low Speed Corner

[ Actual Total WT.0.500 V] I 1696 O 1582 A1z
5000

45003
40004
3500
3000
2500]
2000

15003
1000
500

-500

-10004
-1500 3
-20004
25004
-30004
-35004
-4000 4
-4500 4
-5000 4

-5500 4

Graph 9 — Anti Roll Bar rate — three setups — low speed corner

In the low speed corner on the entry, the stiffest setting has the smoothest weight transfer
whereas the two softer settings display a slight oscillation in weight transfer. At the apex of
the corner, the maximum weight transfer is seen from the softest anti-roll bar rate and the
minimum weight transfer happens on the stiffest setting. The exit of the slow speed corner
has a very similar weight transfer for all three setups which suggests under low speed
acceleration the anti-roll bar rate has minimal effect in the cars characteristics, which would
be expected as the anti-roll bar rate affects the lateral load (Santos, 2015) which would be
minimal at low velocity.

4.2 Springs
4.2.1 High Speed Corner

e — 00 | Siis
Jr Actual Total wT.f0.500 [M] -9 [0t Bi7
so004 |

asooq !
w0 |
EEE I
00 |
EEE
20004 |

EE I
wood |
so0d
: b

EE W
-1000 3

-1s004

o0 |
25009 |
3000 !
as0] |
oo |
-as0 |
S

55004

Graph 10 —Spring rate — three setups — high speed corner

Graph 10 shows three setups, standard in red, maximum stiffness green and minimum
stiffness black. At the turn into the high speed corner, the softest spring rate has a smooth
weight transfer which would give predictable handling whereas the stiffest spring rate has
guite an erratic weight transfer. At the apex of the corner, all the setups have a similar peak
weight transfer but at the exit, the stiffest setup has a higher weight transfer. However, in a
high speed turn aerodynamics plays a larger roll in weight transfer than the spring rates
(Alexander, 2014), which only affect the roll distribution, so whether it understeers or
oversteers.
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4.2.2 Low Speed Corner

[» Actual Total WT.f0.500 [N I 1696 O 1750 |2
5000

45004
40004
3500
30004
2500
2000
15003
10003

5004

-s00
-10004
-15003
-20004
-25004
-30004
-35004
-4000
-4500 4
-50004

-5500 4

Graph 11 — Spring rate — three setups — low speed corner

On entry into the low speed corner, the softest setup has the least weight transfer but they
all have a similar peak weight transfer at the apex however at the exit of the corner the
softest setup has the most weight transfer. This is because the car can accelerate quicker
out of the corner as it has more grip. At low speed were aerodynamic force is minimal the
softest spring setups have more grip than the stiffer setups (Fenske, 2017) however when at
higher speeds, stiffer springs are needed due to the aerodynamic force exerted by the car.

4.3 Damper Bump
4.3.1 High Speed Corner

T Sw0-1 T T Str 12

[» Actuzl Total WT.f0.500 [N -3 [OFES H-135
soo0q

4500
w00 |
T I
00 |
25009 |
w0 |
w0 |
wood |

-5004 m
-1000 i

15009

EE
200 |
30009 !
EVE I
e
50 |
so004 !

55009 !

Graph 12 — Damper Bump — three setups — high speed corner

Graph 12 shows three setups, standard in red, maximum slow and fast bump in green and
minimum slow and fast bump black. At the entry to the high speed turn the most weight
transfer occurs from the minimum setup however the maximum bump setup has smoother
weight transfer which happens because the higher bump force prevents suspension
oscillation therefore prevents weight transfer oscillation (Suspension Secrets, 2017). At the
apex of the corner, the damper set up has no effect as the damper doesn’t have a velocity
unless the kerb is hit (Suspension Secrets, 2017). The stiffer damper experiences more
weight transfer leaving the corner as there is less body roll.
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4.3.2 Low Speed Corner

J» Actual Total WT.fo.500 V] I 1696 I 1229 Bac7
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-5500 -1

Graph 13 — Damper Bump — three setups — low speed corner

At the low speed corner, the apex of the corner, like the high speed, shouldn’t be affected by
the damper setup. However, the maximum setup does display different behaviour at the
apex which means the car made contact with the kerb and because of how hard the bump
was, the weight transfer was small spikes whereas if it was softer there would have been
less more smoothed out peaks of weight transfer. The softest setup has the smoothest
weight transfer on turn into the corner and this is because more grip is available so the car
could turn in at higher speed. Exiting the corner, all three setups display the same smooth
trend. This is because bump doesn't affect the contracting of the damper (Suspension
Secrets, 2017).

4.4 Damper Rebound
4.4.1 High Speed Corner

| suo1 | tum: Str 1-2
[» Actuzl Total wT.f0.500 [N T -2 o 259 B250
soo0 !
EEE
PE
s |
2000 |
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4500 |
50009 !
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Graph 14 — Damper Rebound — three setups — high speed corner

Graph 14 shows three setups, standard in red, maximum slow and fast rebound in green
and minimum slow and fast rebound in black. The rebound has no effect at the apex of the
corner as the damper has no velocity, also upon entry to the corner the rebound doesn’t
affect the handling, as can be seen in graph 14, due to the damper only compressing.
However, at the exit of the corner, the damper rebound does affect the handling
characteristics (Suspension Secrets, 2017). The increased rebound setting has more weight
transfer which is what would be expected (De Groote, 2002). If the damper rebound is set to
high then on exit of the corner the spring will extend to quick which could unsettle the car
and reduce grip (Suspension Secrets, 2017), so getting an optimal rebound, such as the
standard red setup in graph 14, will give the car a better exit to the corner.
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4.4.2 Low Speed Corner

| Actual Total WT.0.500 V] I 1696 0 1237 Base
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Graph 15 — Damper Rebound — three setups — low speed corner

As discussed in the high speed corner rebound has no or minimal effect on entry and the
apex of the corner but does affect how well it exits the corner. In graph 15, the lowest
rebound setting has more weight transfer and this happens because the slowness of the
rebound allows the car to have a settled acceleration so a higher velocity can be achieved
without the risk of losing grip (Suspension Secrets, 2017).

4.5 Weight Transfer Analysis

The equations used in the weight transfer prediction can be seen in appendix D. The
difference between the predicted weight transfer and predicted weight transfer with dampers
is just the addition of the front and rear damper weight transfer.

The new predicted weight transfer equation which includes damper weight transfer gives a
closer estimate to the actual weight transfer. However, the improvement is negligible
compared to how far away the predicted weight transfer is from the actual. This suggests
that the prediction equation has other problems that would need addressing before the need
to use the damper weight transfer to get a closer approximation. For the amount of time and
effort to add the damper weight transfer to the prediction and such a small improvement it
would not be worth doing in the future.

4.5.1 High Speed Corner

I Total WT.0.500 [N] E]

m:s_0:00 0:01 0:02 0:03 0:04 0:05 0:08 0:07 0:08 0:09 0:10

Graph 16 — Weight Transfer comparrison equations — high speed corner
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4.5.2 Low Speed Corner

0 [N

1696

mis.ms 0:16.000  -0:15.500  -0:15.000  -0:14.500 -0:14000 -0:13.500 -0:13.000 -0:12.500  -0:12.000  -0:1L.500  -0:1L.000  -0:10.500  -0:10.000  -0:09.500  -0:09.000

Graph 17 - Weight Transfer comparison equations — low speed corner

At high speed cornering the prediction is quite far away from the actual weight transfer,
however, at the low speed corner the prediction was quite accurate but there is still no real
need to add the damper weight transfers to the equation.

5 Conclusion

To conclude the aerodynamics play a much larger roll in high speed cornering than
suspension setup. Also depending on the track, the car wants the highest setting for wing
and splitter to give it as much downforce as possible however there is the trade-off of
increased drag force. So on tracks with high speed, the setting will have to be reduced but
on low speed tracks the higher settings will be best.

The suspension has its most effect at low speed cornering. The springs and anti-roll bar rate
don’t dramatically affect the weight transfer but it's the difference between the front and the
rear which do. So if it is stiffer at the front then more understeer will occur. Whereas when
bump and rebound are increased this causes more weight transfer during entry and exit of
the corner but they does not affect the apex unless the wheel hits the kerb.
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7 Appendices
Appendix A —Test Plan/Schedule
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Appendix B — Setup Sheet

i. Vehicle General

A B 0 a | R
> N
& S ES
&P
& BB B
&
LS ESE LA
btevates | Date Time n | m|n|m|m]|m
=
Set
Difference o o o o o o o o o o e o o o o o o o o o o
6 Jan- 2755 2755 2755 1636 163! 1635 619.47 6526 0045 0082 2040 3036 3248 3052 571476146 24 24 3E-05 %
S Oot- 2785 2755 2755 1635 1636718357 619.47 6525 0045 0082 3040 3036 3248 3052 5T1476146 24 24 3808 3
s Dct- : 2755 2755 2755 163 163471637 619476526 0.045 0052 2040 30% 2248 3252 ST4TE146 24 24 308 %
ot : 2755 2755 2755 1636 1636716367 619.47 6626 0.046 0062 3040 3035 3748 3252 571476146 24 28 3E05 %
Ot 3 2755 2755 2755 1636 16367 16367 619.47 6626 0.046 0062 3040 3036 3748 32527 571476146 24 24 3E-05 %
Dot 2755 2755 2755 1635 1636716387 619.47 6506 0045 0082 3040 3036 3043 3052571476146 24 24 3808 3
Dot 2755 2755 2755 163 1636716357 619476525 0045 0082 3040 303 3243 3252 5T14TE146 24 24 3E05 3
280ct19 | 152230 2755 2755 2755 16% 163671637 619.476526 0.046 0062 2040 3036 3248 352 571476156 24 24 3E05 %
280ct18 | 15:30:20 2755 2755 2755 1635 16367 16357 619.47 6526 0.048 0056 2040 3036 3248 052 511476156 24 28 3£-05 %
280019 | 15:33:00 2755 2755 2755 1635 1636716387 619.47 6506 0045 008 3040 3036 3043 3052571476146 24 24 3808 3
28-0ci-19 | 15.35:45 2755 2735 2755 163 16371637 619.476528 07 008 3040 303 3243 3252 5T14TE186 24 24 3E05 3
28019 | 15385 2755 2755 2755 16% 163671637 619.476526 007 00% 2040 3036 3248 352 571476156 24 24 3E05 %
280018 | 154315 2755 2755 2755 1635 16367 16357 619.47 6526 0.048 0082 2040 3036 3248 52 511476126 24 28 3£-05 %
280019 | 15.46:00 2755 2755 2755 1635 1636716387 619.47 6506 0045 0082 3040 3036 3043 3052571476146 24 24 2605
28-0ci-19 | 15.48:30 2755 2755 2755 163 1636716357 619476525 0045 0082 3040 303 3243 3252 5T14TE146 24 24 2605 72
28019 | 1551:00 2755 2755 2755 16% 163671637 619.476526 0.046 0082 2040 3036 3248 352 571476156 24 24 405 72
280ct18 | 155335 2755 2755 2755 1635 16367 16357 619.47 6526 0.048 0082 2040 3036 3248 052 511476126 24 28 4E05
280019 | 155620 2755 2755 2755 1635 1636716387 619.47 6506 0045 0082 3040 3036 3043 3052571476146 24 24 3808 %
28-0ci-19 | 155845 2755 2755 2755 163 1636716357 619476525 0045 0082 3040 303 3243 3252 5T14TE146 24 24 3E05 3
15-Hov-19 | 16:02:00 2755 2755 2755 16% 163671637 619.476526 0.046 0082 2040 3036 3248 352 571476156 24 24 3E05 %
15 Hov19 | 16:0635 2755 2755 2755 1635 16367 16357 619.47 6526 0.048 0082 2040 3036 3248 052 511476126 24 28 3£-05 %
15How-18 | 16.08:35 2755 2755 2755 1635 1636716387 619.47 6506 0045 0082 3040 3036 3043 3052571476146 24 24 3808 3
15-Now-18 | 16.12:30 2755 2755 2755 163 1636716357 619476525 0045 0082 3040 303 3243 3252 5T14TE146 24 24 3E05 3
15-Hov-18 | 16:18:50 2755 2755 2755 16% 1636716367 619.476526 0.046 0082 2040 3036 3248 3252 571476146 24 24 e85 %
S Hov- oz 2755 2755 2755 16% 1637 163 61947 es26 0046 0062 040 3036 3248 w2 sriaferss 2 m 3E408 %
S Hov- : 2755 2755 2755 1636 1636 163 6194 6526 0046 0.062 2040 3036 3248 3252 5714 6146 2¢ 24 305 %
S Hov- 2755 2755 2755 1636 1636 1635 6194 6626 0046 0062 2040 3036 3248 3252 5714 6146 24 24 3E-05 3%
Hov- 2755 2755 2755 1636 1636 1635 6194 6526 0045 0062 3040 3036 3248 3252 5714 8146 24 24 3E08 3%
Hov- 4 2755 2755 2755 163 1636 16% 6194 6526 0046 0.052 2040 3036 2246 3252 5714 6145 24 24 0 %
Hov ; 2755 2755 2755 1635 1636 1635 6194 6526 0046 0.062 2040 3036 3248 3252 5714 G146 2¢ 24 05 %
Hov- 5 2755 2755 2755 1636 1638 1635 6194 €626 0046 0062 3040 3036 3248 3252 5714 8146 24 24 3E-08 3
S Hov- z 2755 2755 2755 163 1636 1635 6194 6526 0045 0052 3040 3036 3248 3252 S7T14 G146 2 24 E05
Hov- a5 2755 2755 2755 1635 1636 163 6194 6526 0046 0.062 2040 3036 2246 3252 5714 6146 2¢ 24 305 %
S Hov- 52 2755 2755 2755 1636 1636 1635 6194 6626 0046 0062 2040 3036 3248 3252 5714 6146 24 24 305 %
Hov- 5520 2755 2755 2755 1636 1636 1635 6194 6526 0045 0062 3040 3036 3248 3252 5714 8146 24 24 3E08 3%
S Hov- <7 2755 2755 2755 163 1636 163 6194 6526 0046 0052 2040 3036 3248 3252 5714 6146 24 24 3E08 %
Dec o7: 2755 2755 2755 1636 1636 163 6194 6526 0046 0.062 2040 3036 3248 3252 5714 6146 2¢ 24 305 %
Dec 14 2755 2755 2755 1636 1636 1635 6194 6626 0046 0062 2040 3036 3248 3252 5714 6146 26 24 305 %
A B 8 0 | A a | AR
nevoues | Date Time wm [ wm [wm [wm [ m [ m [ m [ m m | m [ tm | e [N RTEREE wimis | wimss | s | s | s | wivs | ws | nimis
=
Set
Difference o o o o o o o o o o o o o o o o o o o o o o o o o o o o
6 3E-05 36000 2E+05 2E-05 0008 00317 002 028 069 069 0325 0355 4E-0571E+05'SE-05'26-05/7E-05" 0747 3100 5500 6600 11800 3100 5500 6500 11800
cot 3E-05 35000 2E+05 2E-05 0005 00317 002 028 069 089 0325 0355 4E-057{E+0STSE-08"2E-05 TE057 0747 3100 SE00 6600 11500 3100 5500 6500 11300
RO 305 25000 2E+0S 26-05 0.008 00317 002 028 069 069 0325 0355 4E-0571E+0STEE-05"2E05 TE05T 0747 3100 S500 6600 11800 3100 5500 6500 11800
W R1 36+05 36000 ZE+05 2€-05 0.008 00317 0.02 028 069 069 0325 0355 4£-0571E+05 5E=05"26+05"7E+057 0.747 3100 5500 6600 11800 3100 5500 6600 11800
R2 3E-05 36000 2E+05 2E-05 0008 00317 002 028 069 069 0325 0355746-0571E+057SE-05"26-05/7E-057 0747 3100 5500 8600 11800 3100 5500 6500 11300
A3 3E-05 35000 2E+05 2E-05 0005 00317 002 028 069 089 0325 0355 4E-057{E+0STSE-08"2E-05 TE057 0747 3100 SE00 6600 11500 3100 5500 6500 11300
Ré 305 25000 2E+0S 26-05 0.008 00317 002 028 069 069 0325 0355 4E-0571E+0STEE-05"2E05 TE05T 0747 3100 S500 6600 11800 3100 5500 6500 11800
RS 36+05 36000 ZE+05 2€-05 0.008 00317 0.02 028 069 069 0325 0355 4£-0571E+055E=05"26+05"TE+057 0.747 3100 5500 6600 11800 3100 5500 6600 11800
Rs 3E-05 38000 2E+05 2E-05 0008 00317 002 028 069 089 0325 0355 74E-0571E+05TEE-05"26-08/7E-057 0747 3100 5500 8600 11800 3100 500 6800 11300
R7 3E-05 35000 2E+0S 2E-05 0005 00317 002 023 069 089 0325 0355 4E-057{E+0STSE-05"2E-05 TE057 0747 3100 5500 €800 11500 3100 5500 8500 11300
A re 28019 | 153545 36405 35000 ZE+05 2€:05 0.008 0.0317 0.02 028 069 069 0325 0355 4£-0571E+05 5E=05"26+05 " TE+057 0747 3100 5500 6600 11800 3100 5500 6600 11800
RS 28018 | 153845 36-05 36000  2E+05 2E-05 0.008 00317 0.02 028 069 069 0325 0355746-05"1E+05"SE-05"26-05TE-05" 0.747 3100 5500 6600 11800 3100 5500 6600 11800
CD2Ré [ 280019 | 154315 3E-05 38000 2E+05 2E-05 0008 00317 002 028 069 089 0325 0355 4E-0571E+05TEE-05"26-08/7E-057 0747 3100 5500 8600 11800 3100 500 6800 11300
R10 25-0ct-15_|_1545:00 2E-05 0 05 2E-05 0008 00317 002 025 089 089 0335 035573E-05T1E:0574E-05 726405 SE«057 0747 3100 5500 6600 11800 3100 5500 €800 11500
R 280ct19 | 15.48:30 2E-05 72000 2E+05 26+05 0008 00317 002 028 089 069 0325 035573E-0572E+0574E+05726-05 6E-057 0747 3100 5500 6600 11800 3100 5500 6600 11800
R12 25018 | 1551:00 4E-05 72000 2E-05 2£-05 000G 00317 002 028 089 069 0325 0355 5E-05/2E-05'7E-0572E-057SE-057 0747 3100 5500 6600 11800 3100 5500 6600 11800
R13 280019 | 155335 4E-05 0 DB+05 2E«05 0008 00317 002 028 069 089 0325 03557SE-0571E+057E=0572E+08 8E-057 0.747 3100 5500 6600 11800 3100 500 €800 11800
Ri2 25-0ct-15_| 155620 3E-05 38000 205 ZE:05 0005 00317 002 028 088 089 0325 035574E-0571E-05T3E0572E-05 774057 0747 3100 500 8500 11200 3100 5500 6300 11200
RIS 28-0ct-19 | 155645 3£+05 36000 26405 3E:05 0.008 00317 0.02 028 068 069 0325 035574E-05"26+055E+05 26405 "7E+057 0747 3100 5500 €600 11800 3100 5500 6500 11800
R16 15-Hov-19 | 16:02:00 3£-05 36000 3E+05 3E-05 0.008 00317 0.02 028 068 069 0325 035574E-05"26-0576E+05"2E-05"86+057 0.747 3100 5500 6600 11800 3100 5500 6800 11800
5 g 15-Hov-18 | 160435 3E-05 38000 3E-05 JE:05 0008 00317 0.02 028 088 089 0325 035874E-0571E-057BE05"2E-08" 76057 0747 3100 S500 €800 11200 3100 5500 6800 11200
R13 A5-Hov-19 | 160835 3E-05 36000 2E-05 ZE:05 0005 00317 002 028 088 089 0325 035574E-0571E-05TSE05"26+05 77057 0747 2800 500 8000 11200 2800 5500 6000 11200
RIS 15-Hov-19 | 16:12:30 3£+05 36000 26405 2E:05 0.008 00317 0.02 028 068 069 0325 035574£-05"1E+05 5E+05 26405 "7E+057 0.747 4000 5500 6000 11800 4000 5500 6000 11800
E r2o 15-Hov-19 | 16:19:50 3£-05 36000 2E+05 2E-05 0.008 00317 0.02 028 068 069 0325 035574E-05"1E-05/5E+05"2E-05 76057 0.747 4000 5500 8400 11800 4000 5500 8400 11800
R21 15-Hov-18 | 1622:30 3E-05 38000 2E<05 E:05 0008 00317 0.02 028 088 089 0325 035874E-0571E-0575E05"2E-08" 76057 0747 2800 S500 8400 11200 2800 5500 8400 11200
R22 A5-Hov-19 | 162545 3E-05 36000 205 ZE:05 0005 00317 002 028 088 089 0325 035574E-0571E-05TSE0572E-05"7E057 0747 3100 4600 £500 1000 3100 4500 6300 1000
R23 15-Hov-19 | 162815 3£+05 36000 26405 2E:05 0.008 00317 0.02 028 068 069 0325 035574E-05"1E+05 5E+05 26405 "7E+057 0747 3100 7000 €600 1000 3100 7000 6500 1000
Ra¢ 15-Hov-18 | 163115 3£-05 36000 2E+05 2E-05 0.008 00317 0.02 028 068 069 0325 035574E-05"1E-05/5E+05"2E-05 76057 0.747 3100 7000 6600 14800 3100 7000 6800 14800
Ros 15-Hov-18 | 163400 3E-05 38000 2E<05 E:05 0008 00317 0.02 028 088 089 0225 035874E-0571E-0575E05"2E-08"7E+057 0747 3100 4800 €800 14800 3100 4800 6800 14200
28 15-Hov-18 | 16:37:00 3E-05 36000 2E-05 ZE:05 0005 00317 002 028 088 089 0325 035574E-0571E-05TSE05"2E-05 77057 0747 3100 5500 8000 11200 3100 5500 5400 11200
A re7 Hov- : 3£+05 36000 26405 2E:05 0.008 00317 0.02 028 063 069 0325 035574E-05"1E+05 5E+05 26405 "7E+057 0.747 3100 5500 8400 11800 3100 5500 6000 11800
R28 Hov : 3£-05 36000 2E+05 2E-05 0.008 00317 0.02 028 068 069 0325 035574E-05"1E-05/5E+05"2E-05"7E-05" 0.747 2800 5500 6600 11800 4000 5500 6800 11800
R29 Hov- 3E-05 38000 2E<05 E:05 0008 00317 0.02 028 088 089 0325 035874E-0571E-0575E0572E-08" 76057 0747 4000 S500 €800 11200 2800 5500 6800 11200
Blrzz [ A5 Movs | 1 3E-05 36000 2E-05 ZE:05 0005 00317 002 028 0885 089 0325 035874E-0571E-057SE05"26-05"7E057 0747 3100 4600 8800 11300 3100 7000 6300 11300
R33  Hov- 3605 26000 26405 2E:05 0.008 00317 0.02 028 068 069 0325 0355T4E-05"1E-08TEE05"2E+05 74057 0747 3100 7000 6500 11800 3100 4500 6300 11200
R18 - Hov- 36405 36000 26+05 2E:05 0.008 00317 0.02 028 068 069 0325 035574E=05"1E+05 5E+05"2E+05 "7E+057 0.747 3100 5500 6600 11800 3100 5500 6800 11800
R30 Dec 3E-05 36000 2E-05 2E-05 0008 00317 0.02 028 068 089 0525 035574E-0571E-0575E-0572E+05"7E-057 0747 3100 5500 6600 1000 3100 5500 6800 14800
R31 oo 14 3E-05 36000 2505 ZE:05 0.005 00317 002 028 088 089 0325 035574E-0571E-05T5E05"2E-05"7E057 0747 3100 500 8800 14800 3100 5500 €300 1000
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5
e s
& &
e =
F &e” &
ESES G e
Hee Yaves Date Time
s«
Set
Difference 0 0 0 ] L

6 01-Jan- 8 2 1056 1755
o 28-Oct- 8 2 1056 1755
RO 28-Oct- 8 2 1056 1755
9 iy 28-Oct- 8 2 1058 1755

R2 28-Oct- 1 1

R3 28-0ct-19 15:15:45 12 1
R¢ 28-Oct-19 15:20:50 12 3 119 2015

RS 28-0ct-19 15:23:30 1 3
28-Oct-19 15:30:20 8 2 1058 1755
28-0ct-19 15:33:00 8 2 1.0% 1755
28-Oct-19 15:35:45 8 2 1056 1755
28-0ct-19 15:38:45 8 2 1058 1755
28-Oct-19 15:43:15 12 3 119 2015
-0ct- X 8 2 1.0% 1755
-Oct- 8 2 1056 1755
-Oct- 8 2 1056 1755
-Oct- 8 2 1056 1.755
-0t 8 2 1.0% 1755
3-Oct- 8 2 1056 1755
5-Nov- 8 2 1056 1755
ov-- 8 2 1056 1.755
>-Nov- 8 2 1.0% 1755
-Nov- 8 2 1056 1755
15 Hov- B 2 108 1755
5-Nov- 8 2 1.056 1.755
>-Nov- 8 2 1.056 1.755
ov- 2 2 10568 1.755
ov- 28 2 1.058 1.755
>-Nov- 241 8 2 1.05%6 1.755
>-Nov- 8 2 1.056 1.755
-Nov- 2 2 10568 1.755
5-Nov- 8 2 1.056 1.755
>-Nov- 8 2 1.056 1.755
>-Nov- 8 2 1056 1.755
5-Nov- 5:20 | 2 2 1.056 1.755
5-Nov- 57! 8 2 1.056 1.755
-Dec- 07 8 2 1.0%6 1.755
-Dec- 14: 2 2 10568 1.755

Appendix C — Lift vs. Speed Graph— Setup 2

3297 Samples, Zoom Linked
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