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System level testing
Field testing of vehicles
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Overview

Field Testing in Vehicle Development
Overview of Standard Vehicle Test Types
Detailed Prototype Test Plan

Data Collection and Analysis

Case Study - ZalaZONE Test Track Elements
Practical Demonstration

Q&A

BME
Automotive
Ay Technologies




BME

OVE I‘ViEW a Rutomotive

Ay Technologies

* Brief recap of previous lectures on vehicle design methodology.
* Importance of structured testing in the development cycle.

* Overview of today’s focus:
» track tests, data analysis, and practical appllcatlons
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REQUIREMENTS-
DEFINITION

SYSTEM
SPECIFICATION
SYSTEM INTEGRATION
ARCHITECTURE TEST

COMPONENT COMPONENT
DESIGN TEST
IMPLEMENTATION

DETAILING

https://www.mdpi.com/1996-1073/14/1/171; https://www.racecar-engineering.com/articles/tech-explained-2022-f1-technical-regulations/ ; https://www.pmw-magazine.com/news/race-series-news/fia-reveals-details-of-2026-f1-regulations.html ;
https://formulaltechnical.weebly.com/articles/2014-f1-car-fia-safety-equipment-testing ; https://ehfcv.com/hardware-in-loop-hil-simulation-formula-1-racecar/



Field Testing in Vehicle Development €= Auomative

Ay Technologies

* The Synergy Between Theory and Practice

* In vehicle design, the connection between theoretical models and practical outcomes
from testing is integral. Theory provides the foundation for initial design, and testing
validates or challenges these predictions. The results from testing allow engineers to
continuously improve and refine the design. This feedback loop between theory and
practice ensures that the final vehicle meets both the design goals and the real-world
performance expectations. It is this iterative process that allows for the development of
high-performance, safe, and reliable vehicles.

* Feedback from Field Testing: Engineers collect feedback from consumers or fleet
operators using the vehicle in real-world conditions. This feedback might highlight
issues such as poor fuel economy, uncomfortable ride quality, or vehicle handling issues
that were not fully anticipated in initial simulations. Adjustments are then made in the
design to improve overall performance.
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Let's characterize field testing!

* High Costs

» Expensive Track Time: Renting test tracks or using public
roads incurs significant costs.

* Operational Costs: Manufacture and maintaining test
vehicles, equipment, and the test infrastructure adds to the
expense. Measurement systems could increase costs heavily.

* Uncontrollable Factors

» Environmental Variability: Weather, road conditions, and
traffic introduce unpredictability into testing.

» External Distractions: External variables such as nearby
vehicles, pedestrians, or wildlife can interfere with testing.

 Changing Conditions

» Dynamic Test Environments: Unlike controlled lab settings,
the field environment changes constantly, impacting tes
consistency.

* Real-World Complexity: Different surfaces, weather
conditions, and real-world road irregularities make it hard to
replicate tests precisely.

BRIDGESTONE
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» Need for Comprehensive Data Recording

* Documenting Every Factor: Detailed data collection is essential to account for external variables.
+ Test Report Importance: Clear, structured reporting ensures all variables are considered and helps in analyzing results accurately.

« Data Collection and Efficiency

Real-Time Data Capture: Efficient data logging systems capture critical information, such as vehicle behavior, environmental data, and driver input.

Effecttiven?ss and Time Management: Given the cost of track time, optimizing the testing procedure is vital to ensure maximum return on
investment.

 Coordination of Multiple Factors

Car, Track, Driver Coordination: Success requires precise synchronization between the vehicle, the test track, and the driver’s actions.

» Test Team Coordination: From engineers to safety personnel, everyone must align for effective field testing.
S~ Qualifying Bahrain Grand Prix [

(((((((



BME

Overview of Standard Vehicle Test Types S_= Automative

Ay Technologies

. Acceleration Tests:

. Setup, key performance indicators (KPIs) measured, and the importance for evaluating drivetrain efficiency.

»  Skid Pad Test

. Methodology, purpose (e.g., lateral grip and handling characteristics), and typical results interpretation.
e Moose Test
. Emergency maneuver testing and stability assessment.

e Braking Tests:

. Including full-stop braking, braking distance measurements, and deceleration rate analysis.

e Cornering Tests:

. Vehicle behavior during high-speed cornering and steady-state cornering performance.

e High-Speed Stability Tests:

. Assess vehicle behavior at high speeds to ensure safety and control.

. Noise, Vibration, and Harshness (NVH) Testing:

. Evaluate the comfort level and the impact of vehicle noise and vibration.

e Endurance Testing:

. Simulate long-term vehicle use to detect potential failures and durability issues.

e ADAS Test Cases:
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1. Acceleration Tests

* Setup: Conducted in a controlled environment on a straight track.
» Purpose: Evaluates drivetrain efficiency and power output.
* KPIs Measured: 0-100 km/h time, quarter-mile time, acceleration rate.

Implementation

Acceleration (FSC, FSE, DC)

The vehicle's acceleration from a standing start is measured over a 75 metre straight. In addition to
trac-tion, the correct engine design is especially important, either in terms of greater power or for the
highest possible torque. The fastest cars cross the line in less than four seconds and can reach
speeds of over 100 km/h by the end of the stretch.

Maximum score: 50 points with driver & 75 points without driver

D5.1 Acceleration Track Layout

Regs

D5.1.1 The acceleration track is a straight line with a length of 75 m from starting line to finish line.
The track is at least 3 m wide. Cones are placed along the track at intervals of about 5m.

https://www.formulastudent.de/fileadmin/user_upload/all/2024/rules/FS-Rules 2024 v1.1.pdf ; https://www.formulastudent.de/about/disciplines/ ;



Overview of Standard Vehicle Test Types

1. Acceleration Tests

 Setup: Conducted in a controlled environment on a straight track.
* Purpose: Evaluates drivetrain efficiency and power output.
* KPIs Measured: 0-100 km/h time, quarter-mile time, acceleration rate.

2. Skid Pad Test Figure 23: Skidpad Track Layout

* Setup: Vehicle driven in a circular path at increasing speeds.

» Purpose: Assesses lateral grip and handling characteristics. Regs
* Results Interpretation: Higher lateral G-forces indicate better cornering capability. D4.1 Skidpad Track Layout
D4.1.1 The skidpad track consists of two pairs of concentric circles in a figure of eight pattern.
D4.1.2 The centers of these circles are 18.25 m apart. The inner circles are 15.25 m in diameter and
Skid Pad (FSC, FSE, DC) the outer circles are 21.25 m in diameter.
During the Skid Pad event, the cars must drive a figure of 8 circuit lined with track cones, performing D4.1.3 16 cones are placed around the inside of each inner circle. 13 cones are positioned around

two laps of each circle. In each case, the sec-ond lap will be measured. The lap time gives a the outside of each outer circle, in the pattern shown in the skidpad layout diagram.
comparative value for the maximum possible lateral acceleration of the car. Most of the cars use
aerodynamics to raise the contact pressure and thus, increase lateral acceleration. As with all the

dynamic events, knocking over any of the cones results in a time pena“y. D4.1.5 The dn:v'mg path is the 3 m wide p?(h between Llhc inner and oulcr. circles. The vehicles enter
and exit through gates on a 3 m wide path that is tangent to the circles where they meet.

D4.1.4 Each circle is marked with a line, outside the inner circle and inside the outer circle.

Goal

Maximum score: 50 points with driver & 75 points without driver D4.1.6 The line between the centers of the circles defines the start/finish line. A lap is defined as

traveling around one of the circles, starting and ending at the start/finish line.

D4.2.5 The vehicle will enter perpendicular to the figure of eight and will take one full lap on the
right circle to establish the turn. The next lap will be on the right circle and will be timed.
Immediately following the second lap, the vehicle will enter the left circle for the third lap.
The fourth lap will be on the left circle and will be timed. Immediately upon finishing the
fourth lap, the vehicle will exit the track perpendicular to the figure of eight and moving in
the same direction as entered.

https://www.formulastudent.de/fileadmin/user_upload/all/2024/rules/FS-Rules 2024 v1.1.pdf ; https://www.formulastudent.de/about/disciplines/ ;
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Implementation

1. Acceleration Tests

» Setup: Conducted in a controlled environment on a straight track.
* Purpose: Evaluates drivetrain efficiency and power output.
* KPIs Measured: 0-100 km/h time, quarter-mile time, acceleration rate.

2. Skid Pad Test

» Setup: Vehicle driven in a circular path at increasing speeds.
* Purpose: Assesses lateral grip and handling characteristics.
* Results Interpretation: Higher lateral G-forces indicate better cornering capability.

Skid Pad (FSC, FSE, DC)

During the Skid Pad event, the cars must drive a figure of 8 circuit lined with track cones, performing
two laps of each circle. In each case, the sec-ond lap will be measured. The lap time gives a
comparative value for the maximum possible lateral acceleration of the car. Most of the cars use
aerodynamics to raise the contact pressure and thus, increase lateral acceleration. As with all the
dynamic events, knocking over any of the cones results in a time penalty.

Goal

Maximum score: 50 points with driver & 75 points without driver

https://www.formulastudent.de/fileadmin/user_upload/all/2024/rules/FS-Rules 2024 v1.1.pdf ; https://www.formulastudent.de/about/disciplines/ ;
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1. Acceleration Tests
a = 1.1 x wvelricle width + 0.25m

 Setup: Conducted in a controlled environment on a straight track. b = velicle width + 1.0m

* Purpose: Evaluates drivetrain efficiency and power output.
* KPIs Measured: 0-100 km/h time, quarter-mile time, acceleration rate.

A

2. Skid Pad Test s i o™
» Setup: Vehicle driven in a circular path at increasing speeds. | | =
* Purpose: Assesses lateral grip and handling characteristics. o Mom psm | um | wsm | om |

* Results Interpretation: Higher lateral G-forces indicate better cornering capability. Dol e g R ek ek IO

3. Moose Test

* Setup: Sudden obstacle avoidance maneuver.
* Purpose: Tests vehicle stability and control during emergency maneuvers.

WWW SICUnautalif;

» KPIs Measured: Stability, agility, and electronic stability control effectiveness.

Recommended:
https://cdn.standards.iteh.ai/samples/57253/5e8cdcc7c2fedcOc8fe
6f1de8beb5dba/ISO-3888-2-2011.pdf

I https://www.researchgate.net/figure/SO-3888-double-lane-change-maneuver-test-track-14 figd 256422117 ;
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IN11.1 Brake Test Procedure

1 Acceleration Tests IN11.1.1  Lock all four wheels and stop the vehicle in a straight line at the end of an acceleration run

« Setup: Conducted in a controlled environment on a straight track. Apeciic by the oficlsie wihon sliing fic cuginc.
* Purpose: Evaluates drivetrain efficiency and power output.

* KPIs Measured: 0-100 km/h time, quarter-mile time, acceleration rate.

2, Skid Pad Test

 Setup: Vehicle driven in a circular path at increasing speeds.
» Purpose: Assesses lateral grip and handling characteristics.
* Results Interpretation: Higher lateral G-forces indicate better cornering capability.

3. Moose Test

» Setup: Sudden obstacle avoidance maneuver.
* Purpose: Tests vehicle stability and control during emergency maneuvers.
» KPIs Measured: Stability, agility, and electronic stability control effectiveness.

4, Braking Tests

 Setup: Full-stop braking scenarios and emergency braking.

» Purpose: Assesses braking system performance and safety.
» KPIs Measured: Braking distance, deceleration rate.

https://www.formulastudent.de/about/disciplines/ ; https://www.natrax.in/braking-track/ ;
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5.  Cornering Tests

*  Setup: High-speed and steady-state cornering exercises, ramp steer test.
. Purpose: Examines vehicle behavior during different cornering scenarios.
«  KPIs Measured: Balance, tire grip, understeer/oversteer tendencies.

6. High-Speed Stability Tests

*  Setup: Conducted on a high-speed track or highway simulation.
*  Purpose: Assesses vehicle control and stability at high speeds.
*  KPIs Measured: Safety, handling consistency.

1 NVH Testing

»  Setup: Interior and exterior noise measurements during various conditions.
*  Purpose: Evaluates the comfort level and the impact of vehicle noise and vibration.
. KPIs Measured: Noise levels, vibration frequencies, ride comfort.
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https://www.ramseyethetrackguy.com/2020/02/understeer-vs-oversteer-which-is-quicker.html ; https://avlzalazone.com/testing-and-track/pass-by-noise-track-nvh/ ; https://www.bitauto.com/global/news/100193380845.html ;
https://www.researchgate.net/figure/UGV-x-y-trajectory-during-ramp-steer-maneuver-and-different-driving-speed-10-15-and-20_fig5 319043884 ; https://www.researchgate.net/figure/ehicle-trajectory-comparison-for-the-ramp-steer-input-at-a-speed-of-30-km-

h_figh 271545759 ;
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8. Endurance Testing

*  Setup: Long-term driving simulation under varied conditions.
. Purpose: Detects potential failures and assesses vehicle durability.
*  KPIs Measured: Component reliability, wear and tear analysis.

9. ADAS Test Cases

«  Setup: Simulations of real-world driving scenarios, including lane keeping and emergency braking.
*  Purpose: Verifies the effectiveness of ADAS.
. KPIs Measured: System responsiveness, accuracy, and safety compliance.

https://www.abdynamics.com/solutions/adas-testing/ ;
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Details:
8. Endurance Testing - offer example
. Setup: Long-term driving simulation under varied conditions. « 4 km long cobblestone road (level and uneven cobblestones with different shirring factors).
. Purpose: Detects potential failures and assesses vehicle durability. B T T —
. KPIs Measured: Component reliability, wear and tear analysis.

« S-curve section followed by a large crest
« Bumps (long waves, short waves, potholes)

« Traction control test

Mud bath (56 m long, 5 m wide, 5 cm deep)

Water bath — can be filled up to 30 cm

Salt splash track

Salt spray chamber (15 m long, 3 m wide, 2.50 m high)

« Ramps at 13° and 16°

https://www.segulatechnologies.com/en/endurance-test/;



Detailed Prototype
Test Plan

» Present the specific test plan written for
the prototype race car.

» Objectives and key metrics to be
collected.

* Breakdown of the tests planned
(acceleration, handling, braking).

* Procedures for conducting each
test, including safety protocols.

* Highlights of importance of iteration based
on test findings.
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# prio| Kategdria Mérés leiras | idéigény [6] nap helyszin eszkoz
e SZE "
e || Tomegmérés 0,5 1 mGhely 4 mérleg
- ; 4 mérleg + asztal/
112 | 1 EpaniTaGass o 1 1 3551 emelvény +
ENE0 MUNEY  emels/emeberek?
e S Nyomtavmérés 0.5 1 Zalilzone ﬁ.utar‘nl.“l-padl?a[( €s
| mihely  mérdeszkozok
e Zalazone futomi-pad/pok és
114, | 1 Tengelytav mérés 0,5 1 mihely = mérbeszkazok
Futomi ZiliGene szerszamok
1150 mozgastartomany berugdzas+ elkormanyzas (rugostag-kikatéssel) 15 1 i futomi
Z : mhely 5
atmozgatas szereléshez
Futémi paraméter Fapues szerszamok
1.1.6. valtoztatas-hatas kerékdolés, szét-ossze, hasmagassag 3 1 mihel futoma
vizsgalat y szereléshez
3 Tovabbi mérések
torzios merevseg
117 3 Vaz torziés merevség meérépad /
o (hub-to-hub, csak vaz) egyedileg gyartott
késziilék
1 g BT [ Ackermann geometria
| 1149 | 3 Bumpsteer
11.10. | 3 Camber variation
Hajtaslanc rogzités Valtozo tapadasu fellleten (pl.macskakd) gyorsitasok (~100% TP) tobb alkalommal (~10) révid ideig
vizsgalata (0.1-0.5s)
3
T : " mT =
a b B B [ Piléta kiugras teszt teljesen bekotétt allapotbdl hany masodperc alatt ugrik ki? 0,5 2 e
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# prio| Kategdria Mérés leiras idoigény [0] nap helyszin eszkoz
152 Elektromos :
25" LV funkcidk
1211 | 1 CAN kommunikacio 2 2 !IIT Can bus reader,
teszt mihely rendszerterv
1212 1 Szenzorok tesztje 2 2 il
mihely
1213. AcatgyiIis retdezer 1 2 e
teszt mihely
252 Biztonsagi funkcidk
1221518 HVD mechanikai tesztje Az autét izemeltetd 6sszes személy képes oldani a HVD-t. 05 4 mgﬂlv
Shutdown circuit MT
12225181 osszes elemének A SC dsszes eleme képes szakitani a kort. 15 3 5
. mihely
tesztje
1i2:2:37 |81 Discharge circuit teszt A megadott idon belil megtérténik a kisités a megadott fesz szintre. 1 3 m?ﬂ;ly
12247 Safety light teszt A lampa minden allapotot megfelelden jelez vissza 0.5 3 mumly
1:233: HV funkcidk
Teljes bekapcsolasi 4 2 y " . im . ; pag S MT
2234818 ivaimes tast. Az auté bekapcsolasa teljesen OFF allapotbdl menetkész allapotig. Mindenhol az térténik amit varunk. 1.5 3 méhely
12:32°|°1 Kerékforgatas emelve. Az autd képes megforgatni a hajtott kerekeket bakon. Mindig az torténik amit varunk. 2 3 mg:;y
Teljes kikapcsolasi i : " ; . o s o s o MT
1:2:3:3° (1 folyamat teszt. Az auto kikapcsolasa forgatott kerekektdl a teljesen OFF allapotig. Mindig az torténik amit varunk. (. 3 mahely
1234 1 Toltés Teljesen lemeritett (amig a rendszer engedi) akkumulator feltltése a maximumig normal toltoarammal. 2 4 mgﬂ;lv




Detailed Prototype Test Plan

‘ Alap jarmifunkcid |

1 Ciklus 1 max 40 km/h;

2 Ciklus 2 - max 80 km/h

3 Ciklus 3 - max 100
km/h

4 Ciklus 4 - max 120
km/h

5 Ciklus 5 - max 120
km/h

6 Vészstop, restart

DP

DP

DP

DP

DP

DP

auto elindul, atmozgat (felgyorsit, lelassit, teljes
kormanyzasi tartomany), visszajon, vészstoppal leall;

autd elindul, &tmozgat (felgyorsit, intenziven lelassit, teljes
kormanyzasi tartomany), visszajon, leall;

autd elindul. atmozgat (felgyorsit, intenziven lelassit, teljes
kormanyzasi tatomany), visszajon, leall;

auto elindul, atmozgat (felgyorsit, intenziven lelassit, teljes
kormanyzasi tartomany), visszajon, leall;

auté elindul, atmozgat (felgyorsit, intenziven lelassit, teljes
kormanyzasi tartomany), visszajon, ledll; és igy tovabb
eljutni a végsebességig

auto leallitas vészleallitdval menet kozben, megall,
Ujrainditas

auté atvizsgal (lelazulas, kotyogas

. piléta

visszaielzés) barmelv szinten orobléma.

autd atvizsgal (lelazulas, kotyogas
visszajelzés)

auto atvizsgal (lelazulas, kotyogas
visszajelzés)

auté atvizsgal (lelazulas, kotyogas
visszajelzés)

autod atvizsgal (lelazulas, kotyogas
visszajelzés)

auto atvizsgal (lelazulas, kotyogas
visszajelzés)

. piléta

. piléta

, piléta

. piléta

, pilota

| kezdet

8:00
8:15
8:20
8:35
8:40
8:55
9:00

9:15

9:20

9:35
9:40

9:55

\ —

e

s

0:15

0:05
0:15
0:05
0:15
0:05
0:15

0:05

0:15

0:05

0:15

0:05

9:20

9:35

9:40

9:55

10:00

BME
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akkumulator kapacitas
100% 10% 90%
0% 0%  90%
90% 10% 80%
80% 0% 80%
80% 10% 70%
70% 0% 70%
70% 10% 60%
60% 0% 60%
60% 10% 50%
50% 0% 50%
50% 10% 40%
40% 0% 40%
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Detailed Prototype Test Plan

Run| Kategoria Mérés

palya palyatevékenység box tevékenység

BME

Automotive

e

id6
kezdet | iddsav | vége

Technologies

akkumulator kapacitas
kezdet |fogyasztas | vége

7 Transition test (Ramp
steer test)

8 Skid pad test

VISSZd|EIZES]
Straight-line path. The vehicle is driven at a nominally
constant longitudinal velocity. The standard test velocity is
100 km/h.
Other longitudinal velocities may be used; these should be
decremented or incremented by 20 km/h
from the standard velocity.
The steering-wheel shall be subjected to a ramp input (that
is one that increases in amplitude with a
nominally constant angular velocity).
The steering input shall be applied for a minimum duration of
3 seconds, and at an angular velocity not
exceeding 5 degrees/second, until the lateral acceleration
achieved by the vehicle reaches a minimum
of 1,5 m/s2.
auto atvizsgal (lelazulds, kotyogas, piléta
visszajelzés)

Toltés

10:00

11:00

11:10
11:40

0:10

0:30
1:30

11:00

11:10

11:40
13:10

40%

25%

25%
5%

15%

0%

20%
-95%

25%

25%

5%
100%



Detailed Prototype Test Plan
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\ idé akkumulator kapacitas
Blokk |Run| Kategéria Mérés palya palyatevékenység box tevékenység kezdet | iddsav | vége |kezdet |fogyasztas| vége
GT RN 13:10 1310 | 100% 0  100%
paraméterezés
3
Inverter paraméterezés 2
9 cﬁusok.._ handling 22 13:10 6:00 19:10 | 100% 100%
Beallitas-vizsgalat 19:10 19:10 0%
Jarmiidinamikai
4 funkcidk
10 (modellvalidalas, handling 19:10 8:00 3:10
paraméterek, setup-
valtoztatasok)
Hosszitavi
viselkedés =l S
5
Long runok T — . —
1 (h6mérsékiet. kopdsok,| handiing 2> ™ °9ybet';'l.:’;f‘$gff ;ee'lk”r:;fﬁ':” Z:“::"s Ll 310 310
Foall) j yével, g palyan.




Blokk [Run

Detailed Prototype Test Plan

Kategéria

Mérés

palya

palyatevékenység box tevékenység

12

Ciklus 1.

13

Ciklus 2.
(Opciondlis)

14

Ciklus 3.
(Opcionalis)

handiing

handling

handiing

Jarmd alio helyzetbol (vagy nagyon lassd gurulasbol),
lehetdleg sik terepen felgyorsit legalabb 100 km/h-ra
(amennyiben a palya erre lehetdséget nyuijt lehet 150 kmvh is,
de mindenképp reprodukalhato legyen), majd intenziven
fékez (amennyiben generatoros mod elérhetd, Ggy azt
kihasznalva). Az intenziv fékezést kdvetdoen a tesztet
tovabbi 8-10 alkalommal sziikséges megismételni. A teszt
célja az elektromos hajtas termikus védelmének (derating)
vizsgalata. Az utols6 gyorsitasi ciklusoknal varhatéan romiik
a jarmi gyorsulasa a teliestmény korlatozasoknak
koszonhetben. A vizsgalatot kovetden a motor hitése
javasolt (hossz( kigurulassal, alacsony terheléssel, hitoviz
aramidsanak biztostasaval) (hosszi kigurulassal, alacsony
terheléssel, hiitdviz aramlasanak biztostasaval)

A tesztet kovetden legalabb 15 perc hlstési

A ciklus 100 km/h-val haladd jarmiivel veszi kezdetét. A
jarmi maximalis gyorsitassal gyorsul konstans ideig, majd
intenziven lelassit 100 knvh-ra, és Gjra gyorsitani kezd. A

ciklust 8-10 alkalommal szukséges megismételni

A teszt célja az elektromos hajtas termikus védelmének

(derating) vizsgalata. Az utols6 gyorsitasi ciklusoknal
varhatéan romlik a jirmd gyorsulasa a teliestmény
korlatozasoknak kdszonhetden. A vizsgalatot kovetden a
motor hiitése javasok (hosszl kiguruldssal, alacsony
terheléssel, hitdviz dramlasanak biztostasaval) (hosszl
kigurulassal, alacsony terheléssel, hiitoviz dramlasanak
biztositasaval)

A tesztet kovetden legalabb 15 perc histési

(amennyiben kelld hely all rendelkezésre) A jarmd
végsebesség kozeli tempoval halad, 3 masodpercig
gyorsitas nélkdl kigurul, majd visszagyorsit végsebességre
és 10 masodpercig tartja azt. A ciklus 8-10 alkalommal
megismétiendo.

A teszt célja az elekromos hajtas termikus védelmének
(derating) vizsgalata. Az utols6 gyorsitasi ciklusoknal
varhatéan romiik a jArm{ gyorsulasa a telestmény
korlatozasoknak kdszdnhetden. A vizsgalatot kovetden a
motor hiisése javasolt (hosszi kiguruldssal, alacsony
terheléssel, hitdviz aramlasanak biztositasaval) (hosszl
kigurulassal, alacsony terheléssel, hiitdviz dramlasanak
biztositasaval)
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Detailed Prototype Test Plan

box tevékenység

Blokk [Run [ Kategéria Mérés palyatevékenység
Aram szabalyozas
15 emel_md&n val_é g | A jarmd a_kijelijl: emelced§ elsd szakas_za'r_l n‘le.gél. maijd
elindulast kovetoen allohelyzetbol elindul (vizsgalat kulonbozo gazalasok mellet)
(alacsony emelkedd)
A:‘"“ ’z"'.’é'{:;i’ A jarmi a kijelok emelkeddt megkdzelti 15 km/h sebességgel,
16 gyorsths kizhen handling majd gyorsitast végez el az emelkedd tetejéig (vizsgalat
= kilonbdzé gazalasok meliet)
(alacsony emelkedd)
Aram szabalyozés
17 emelkeddn valé ——— A jarmi a kielolt emelkedd elsd szakaszén megall, majd
elindulast kovetden aliohelyzetbdl elindul (vizsgalat kilonbozo gazalasok mellet)
(kozepes emelkedd)
Aram ’I z‘ﬁ:?’ A jérmi a kieiok emelkedst megkbzeli 15 kmh sebességgel,
18 gyorsiis kizben handling  majd gyorsitast végez el az emelkeds tetejéig (vizsgalat
e = kilonbozo gazalasok mellet)
(kdzepes emelkedd)
Aram szabalyozas
19 emelkeddn vald handliag A jarmi a kieloh emelkedd elsd szakaszén megall, majd
elindulast kovetoen alidhelyzetbdl elindul (vizsgélat kulonbdzd gazalasok mellet)
- (meredek emelkedd)
A jarmd a kijelolt emelkedot megkozelti 15 kmv/h sebességgel,
Aram szal:il)‘r’:?s majd gyorsitast végez ?I az e'rr:-el(edé tetejéig (vizsgalat
20 Ororaits kizhen handling ) kfjlénbbzo gazalasok rnelllel)
( Jek emekedd) (Balint: Lehetoleg 20% alatti akkumulator szinten (is)
tesztelve)
A jarmivet meredek emelkeddn csupan a motor
21 Hill-hold handling nyomatékaval megtartani tobbszor ~20 masodpercig,
legalabb 1 perc szinetet két mérés kozé iktatva
> Generétor mid  Legalabb 99%-ra takdtt akkumulstorral meredek emelkeddn
(amennyiben handling : =i
jeknzbsra ) generatoros fék Gzem
22 sl  kersk ol op Maximalis gazpedal pozicié, ahol még nem kezd el forogni a

kerék, legalabb 10 masodpercig tartva
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* Review techniques for gathering and analyzing data from vehicle tests.

« Demonstration how to use data from ramp steer test to refine vehicle dynamics.
 Impact of real-world data on simulation models and subsequent design modifications.



Data Collection and Analysis €= Auromative
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Review techniques for gathering and analyzing data from vehicle tests.

Data Gathering:

» Sensors: GPS, accelerometers, wheel speed, pressure sensors
« 0BD Systems: Engine, transmission, and diagnostics data
» Telematics: Remote data collection during testing

Data Analysis:

* Pre-processing: Noise reduction, smoothing, interpolation

 Statistical Analysis: Regression, correlation

« Vehicle Models: Simulate dynamics, estimate forces (e.g., two-track model)
« Visualization: Graphs and charts (e.g., Slip angle vs Lateral force)

Summary

 Data Collection: Real-time, accurate vehicle performance data
» Analysis: Statistical methods & simulations for deeper insights
 Visualization: Clear insights into vehicle behavior



Data Collection and Analysis

3. Tire characteristics identification

Transition test (ramp steer test) (ISO 13674-2)

This test method originally targets the quantification of vehicle on-centre handling. However,
in this case the main goal of the test is the identification of the tire cornering stiffnesses and
friction coefficients. For this purpose, varied road conditions (wet, dry) and different speeds
are targeted.

1.1 Test procedure
The transition test is an open-loop procedure and is conducted from an initial straight-line path. The
vehicle is driven at a nominally constant longitudinal velocity. The standard test velocity is 100 km/h.
Other longitudinal velocities may be used; these should be decremented or incremented by 20 km/h
from the standard velocity.
The steering-wheel shall be subjected to a ramp input (that is one that increases in amplitude with a
nominally constant angular velocity).
The steering input shall be applied for a minimum duration of 3 seconds, and at an angular velocity not
exceeding 5 degrees/second, until the lateral acceleration achieved by the vehicle reaches a minimum
of 1.5 m/s2.

Center of
rotation -

BME
Automotive
Ay Technologies

Source of signals in the below evaluation (in order of appearance):

Nr. | Signal name Source
. | Vehicle position KJIT dGPS via CAN

2. | Steering wheel angle Steering angle sensor via CAN

3. | Steering wheel speed Steering angle sensor via CAN

4. | Venhicle speed KJIT dGPS wheel speed sensor via CAN

5, Roadwheel angle Calculated from steering angle sensor using
measurement data

6. Tire sideslip angle calculated from KJIT dGPS signals and steering
angle

7. | Tire forces calculated from KJIT dGPS signals and steering
angle

Lateral force in the function of tire sideslip angle

00—

g

Lateral force [N]
-3
8

[+ Front lateral force
|=Front lateral force curve fit

- Rear lateral force
|=—Rear lateral force curve fit ||
L L

1 1 I L
2 ]

. »
Sideslip angle [deg]

The identified cornering stiffness:
front wheel: 13125 [N/rad] / tire
rear wheel: 19130 [N/rad] / tire



Case Study - ZalaZONE Test Track Elements £ nuometive

* Overview of ZalaZONE and its unique test environments:

« Dynamic platform: uses and data insights.

* High-speed oval: benefits for testing top speed and endurance.
* Various road surfaces for simulating diverse driving conditions.
 Autonomous testing zone for ADAS and self-driving features.

« ZalaZONE's facilities with specific test cases relevant to prototype development.



Case Study - ZalaZONE Test Track Elements

BRAKE MEASUREMENT SURFACES

Pjﬂ"‘m

Description

The braking surfaces are separated into 8 different lanes: a chess
board surface, high friction, low friction, blue basalt, asphalt
(mue=1), polished concrete, asphalt (mue=0,8), and an
aquaplaning basin.

READ MORE
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Case Study - ZalaZONE Test Track Elements

DYNAMICS PLATFORM

Description

The dynamic platform has a 300 m diameter asphalt surface, an
acceleration lane 760 m long with a 0% inclination, and a 20 m wide
run-off-area surrounding the asphalt circle.

READ MORE ‘
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e HANDLING COURSE ————

Description

The high-speed handling course is showing the following physical
characteristics: a length of 2000 m, a width of 12 m, a soft gravel /
asphalt run-off-area, and a 80 cm basalt base/foundation allowing
for vehicles up to 40t to be tested.

READ MORE
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° RURAL ROADS T .

Description

The rural road system is covering an internal road network with a
total length of 2500 m, including a 2x2 lane section of 500 m and
130 m long 10% banked road section.

READ MORE




Case Study - ZalaZONE Test Track Elements

SMART CITY

Description

The smart city is a state-of-the-art module at AVL ZalaZONE
Proving Ground and an European ADAS/AD test infrastructure
benchmark providing 5 sub-modules or different urban testing
environments.

READ MORE
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° MOTORWAY

N
iiiE
Jemy :

The purpose of the Motorway is to provide a realistic environment,
which is particularly important for testing and validating the ADAS
system.

READ MORE
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o ADAS SURFACE

Description

All AD and ADAS related systems can be tested in compliance with
all existing standards and requirements according to the most
diverse NCAP scenarios. For all that we provide a completely
equipped car and truck workshops indispensable during daily use,
with a complete engineering and service background (EuroNCAP
targets & carriers, actuators, localization and high-level control
units).

READ MORE




Case Study - ZalaZONE Test Track Elements

HILL TRACKS

Description

Conventional element for testing traction control systems like
hill start assist function, hill holder systems, etc. The module can
also be used for robustness and reliability tests of ADAS
functions, like AEB system.

READ MORE
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° WET HANDLING COURSE

Description

The low-speed or wet handling course is primarily used for testing
tyres and electronic stability control systems, but can also be used
for driving technique trainings.

READ MORE




Case Study - ZalaZONE Test Track Elements €= rutomative

Ay Technologies

o PASS-BY NOISE TRACK

Description

The ISO-certified Pass-By Noise Track module and the Class 1
measurement equipment fulfill all the requirements for pass-by
noise type approval, homologation, and COP measurements for
any vehicle, including heavy-duty commercials.

READ MORE
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 Showcase recorded data from prototype’s previous test runs.
* Acceleration curves, lateral force graphs, etc.

* |dentify potential design changes based on the datal
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* Main objective?

e Starting point-ending point?

* Complex parts?

* Less relevant part(s), could be omitted part(s)?

* Most useful part(s)?
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