Tuning Akademie

Using alternative, non-fossil diesel fuel (HVO) In a race car

Dipl.-Ing. Thomas Hanisch, November 16 ™ 2011



Tuning Akademie

Content:

- Team Tuning Akademie / development topics
- Technology platform Audi A4 guattro

- References

- Using HVO in a race car

- Summary




Members of Tuning Akademie are:
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- Engineers and technicians of technical development
department of Audi AG and ika (RWTH Aachen) 1

Development

Integration and adaption of
Innovative concepts into the
technology plattform

Gathering measurement data
under reproducable conditions

Information transfer of alalysing
resultes to project partners

Races

Testing of innovative
technologies under racing
conditions

Representation of new
technologies and project
partners in public view

Exhibitions/Publications

Support in communication of
new technologies and
analysing results from scientific
point of view

Scientific publications of these
technologies during scientific
conferences and exhibitions
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Technology platform Audi A4 3.0 TDI guattro

Technical data

body: Audi RS4 (B7)

engine: V6 TDI (Generation 1)
capacity: 2967ccm

power: 230 kW

torque: 600 Nm

tires: Dunlop 265/660 R 18 DTM
brakes: B7 RS4 original (steel)

ABS / ESP: Bosch ESP8 optimized

Permanent recording of CAN bus during
testing and races

Up to 32 analog signals (e.g. temperature)
can be recorded
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References of succeeded development topics:

- Optimisation of engine compartment streaming and ¢ ooling v/
- Aerodynamic (details on: ) v
- Application of ABS controller depending on accurat e race tire datas/

- Optimisation of brake balance between frontand re  ar axle for ¥
optimized temperature distribution.
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Comparison of p-slip characteristics on drum (d=2,547m)

Dunlop 265 /660 R 18 DTM spec

Road tire 245 /40 R 18
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Datel Bearbeken  Ansicht  Slript-Chrondl.  Datensitre im altuellen Yerzeichrés  Konfiguration  Sprache Extras  Hife
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Temperature- and brake balance after modification of abs controller setting

Name y

I v | Geschwindigksit [km/h] 95,97

| v 1 Motardrehzahl [Lfmin] 2840

1|V W Oeltemp_Mator [5C] 124

1 v Kushimittekemp_[°C] 94.5

I v ansauglafetemperatur [°C] 47,25
¥ 1 lenkungsil f4.127
¥ 2 Getriebegehiuse 971734
¥ 3 bremshelag vl aussen 410.19¢ ®
¥ 7 4 bremshelag vl innen _ 412521
¥ 5 hremsfliissigkeit vi | 143,637
¥ 6 bremsfliissigkeit hr 137.934
¥ B 7 bremshelag hr aussen. 421.733 &
¥ 8 hinterachs diff 146,365

Nill xl .
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Statlstlkdaten Grafik-Fenster

Marne Einheit Mirimurn | Maximum | Mictelwert | Std.Abw, ”
b Geschwindigheit kmnth 0 235,1400 - 1387743 40,2039
Motordrehzahl 1fmmin 729 4697 32746215 542,9039 1
B Celtemp_Maokor hE 114 130 1253219 2.1589 i
Kuehlmitteltemp_ A an 95,2500 93,5934 1.5517
Ansauglufttemperatur 2C 32,2500 61,5000 47,6626 4,3823
QIC1 T8 Cht o 71,1755 92,9200 d4.2114 4.2410
QICL T8 ch2 i Fr22az 104.9556  94.5210 4.2322
QICL T8 Ch3 e 2787179 4216760 3563458 253426
= gig—;:—gtg :E fg;g;gg Tigf?ii ?:;ig;: ?512;32 | 2700 2900 3100 3300 3500 3700 3900 4100 4300 4500 4700 4900  S100 5300 5500 STO0 5900 6100 6300 6500 6700
QICL_TE_Che B 110.7540 1414628 1334174 56239 [<]
QICL_T8_Ch? i 3159853 4265780 3716445 24,9701

QIC1 T8 _Cha i 1091327 1521823 1405046  9.9056 b
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Results of ABS and brake distribution modification:

- Brake balance between front and rear axle is adapt ed

- Temperature distribution between front and rear ax  le has been
optimized

- Hydraulik pressure hysteresis during abs oparation ha S been limited
(main important for durability)

- Due to the changes of abs parameter setting in add  ition with modified
brake pads from PAGID we reached the durability tar  get of > 3000Km
under racing condition

- During 24h race 2011 at Nirburgring no change of br  ake components has
been neccessary
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Using non fossil diesel fuel (HVO) in a race car

Verification of NexBTL
(HVO) under
reproducable racing
conditions

Measurements of the Further development of
emission behaviour of NEXBTL based on

non fossil fuel compared  gathered data of races
with currently available

diesel fuel

NESTEQIL
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CANoe Data of Mercedes-Arena

! Yector CAHoe.LIN.MOST.FlexRay - B7_Rennkonfig_Thomas_Praesentation.cfg * - [Prio G]

Dggatei ansicht Skart Modus  Eonfiguration  Fenster  Hilfe = | |8t/

0

SHE Al
e BEA A GRE NEEER YL B N

3 3 100 w | =m | hex | |Realer Bus

Statistikdaten Grafik-Fenster

&1 &) <] £ ] €] <] <] £] &

LV VIE IR IEY 53

Marne Einheit Minimum | Maximum | Mitkelwert | Std.Abw, |
B Fahrpedalwert_Dkpoti_ % 1] 100 49,5974 43,3283
Fahrerwunschmoment  %MDI 1} 95,9400 47,6789 40,2515
Begrzngsmom “aMDI 42,1200 95,9400 80,8208 12,3019

B K01 _Tankinhal |

Mame
Geschwindighkeit [km/h]
Matordrehzahl [1frmin] T T T T T

B Celkemp_Motor [#C]
Kuehlmitkeltemp_ [#C]
Ansaughfttemperatur [#C]
Ladedruck [bar]

Bremsdruck [bar]

B Fshrpedalwert_Dlkpoti_ [%:]
Fahrerwunschmoment, [%:MDI]
Beqgrzngsmarn [%MDI]

B K01 _Tankinhalt [1]
ABS_Bremsung
EEY_Eingriff

B ECS_Eingriff

B ESF_Finariff

B U_pbgastempsensor [mi]
U_Diffdrucksensor [my]

Y

b

ABS_Bremsung a 1 0.0749 0.2632

EBY_Eingriff a 1 0.2420 0.4283
B EDS_Fingriff i} 1 0.0840 0.2774
B E3P_Fingriff a 1 0.0018 0.0427
B U_abgastempsensor  mY 1786,9000 19515000 18521559 58,9421

1J Ciffdrucksensor ! JE6.0000 2134 14347535 3836251 hd

a4 866 &70
|A||e Kopierenl | Schliglien | | Hilfe: |

emse2 jBremse3 )\ BremseS jKombil fK-CAN GW1 jK-CAR Gwz [

B7_ACAN_w453_04;
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Inboard Video Wehrseifen
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CANoe Data Wehrseifen

! vector CAHoe.LIN.MOST FlexRay - B7_Rennkonfig_Thomas.Praesentation.cfg *- [Prio G]

antei ansicht Start Modus  Konfiguration Fenster  Hilfe - | ai
OEE il e :
200 7 S s 5 L s G R R M TR e P R T R T S R+

Z g o [10 [ae] | sumbes ||| Binaler Bus ?2 &

%1

M~

Mame W
bl 0 Geschwindigkeit [kmfh] 76
" Matordrehzahl [Ufmin] 3122
v M Oelternp Motor [2C] 111
v Kuehlmittelternp_ [#C] 89,25
W Ansauglufttemperatur [2C] 26.25
v Ladedruck [bar] 1.39
i~ Bremsdruck [bar] 0.6
v W Fahrpedalwert_Dkpati_[%] 0
v Fahrerwunschmanent [SaMDI] i]
v Beqgrzngsmom [%aMDT] 95,94
| M ko1 _Tankinhalt 1]
v AES_Bremsung 1}
v EEY_Eingriff a
w B EDS_Eingriff i]
v M ESP_Eingriff ]
v W U_abgastempsensar [mY] 175824
W 0 U_Diffdrucksensor [my] 11054

Statistikdaten Grafik-Fenster

Marme Einheit Miniurn | Maximum Mittelwert | Std.Abw, |
Fahrerwunschmoment  36MDI ] 95,9400 43,9606 43,2123

Begrzngsmmam “alDI 63,5700 95,9400 80,5272 11,2132
B £CL_Tankinhal | - - -
0.1118 0.3152

ABS_Bremsung ] 1
EBY_Eingriff E] 1 0.2829 0.4504
B EDS_Eingriff o 1 0.1184 0.32351
B ESP_Eingriff 0] 0] 0] 0]
B U_pbgastempsensor — my 1745.7000 18594000 18093475 35,2595
1J_Liffdrucksensor my 10665000 21773000 1577.4854 3636266
|nlle Kopierenl | Schliefen | | Hilfe J

Sico.., OFFLINE MUM HEX

E<Or @0 B s
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Inboard Video Doéttinger HOhe
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CANoe Data Dattinger Hohe

! vector CAHoe.LIN.MOST FlexRay - B7_Rennkonfig_Thomas.Praesentation.cfg *- [Prio G]

Euggatei ansicht Start Modus  Konfiguration Fenster  Hilfe |
IDEsHB I diE 0 50w ] st | il s ? & 1 v
Bl RS R NREEE YA N I
Mame ¥ Tk Wy 4
Geschwindigkeit [knfh] 214,53
Matordrehzahl [Ufmin] 3643 m
B Osltemp_Maotar [#C] 108
Kuehlmittelternp_ [#C] a0
Ansauglufttemperatur [#C] 29,25
Ladedruck [bar] 2,39
Bremsdruck [bar] 0.z
W Fahrpedalwert_Dkpoti_ [%] 100
W Fahrerwunschroment [SMDI] 82,68
i Bearzngsmonm [4&MDI] 82,68

B k01 _Tankinhalk [1]

I B ABS_Bremsung 0
v EEY_Eingriff a
W' B EDS_Fingriff ]
v M ESP_Eingriff i]
Iv' M U_ahgastempsensar [rmt] 1968.7
W 0 U_Diffdrucksensor [rmv] 1951.6

= statistikdaten Grafik-Fenster

Marme Einheit Minimum | Maximom | Mittebwert | Skd Abw, |
Fahrerwunschmoment  %MOT 0 95,9400 71,5708 32,7003
Begrzngsmonm YeMDI 61,2300 95,9400 84,9218 7.5360

M EO1_Tankinhal |

ABS_Bremsung 5] 1 0.0194 0.1379
EBY_Fingriff 0 1 .0.0405 01971
M EDS_Eingriff ] 1 0.0205 01415
W ESP_Fingriff 1] 1] 1] 1]
M U_Abgastempsensar  mi 1728,1000 1979,8000 19123019 67,1271
U_Biffdrucksensar mb 54,7000 (21952000 17375927 345.3872 : 1406 1410 1414 1418

e2 J\Bremsed i BremseS Jh Kombil fiK-CAN GW1 i K-CAN G2 [

B7_ACAN_v453_04,; Sican., OFFLINE MUM HE¥

peREal = o] - LSS Y At




Tuning Akademie

* Vector CAHoe.LIN.MOST.FlexRay - B7_Rennkonfig_Thomas.cfg * - [Prio G]

%Dggatei ansicht Skart Modus  Eonfiguration  Fenster  Hilfe = | |8t/
= AN P G ] v || sum ) hex| | Realer Bus ? & w
Pl REARS @EE NBEEER YA B o n
Iame
Geschwindighkeit [km/h]

Matordrehzahl [1frmin]
B Celkemp_Motor [#C]
B kuehimitteltemp_ [#C]

Ansaughfttemperatur [#C]
B Ladedruck [bar]
B Fahrpedalwert Dkpoti [%]
B Fahrerwunschmoment [%:M01]
W inn_Mot_Mom_oeE [%MDI]
B Eegrzngsmom [%:MOT]
("] ki1 _Tarkinhalt [1]

v U_Abgastempsensor [my]

B U_Diffdrucksensar [my]

v B QIC1_Te_che [5C]

» ¥ H QIC1_TE_Ch7 [°C]

RISV IEVE VIR

<

”I MM ||'If WMN N
T,

: l - Py AV o i WP T it
M h‘!‘r‘ﬂ""[ S TR R g

i Profdgricey

_JW'

ﬁﬂ‘*“h"Mv!WWm*mfwﬂh.ﬂ

[0s,5821.499s] 0 400 800 1000 1200 1400 1600 180 : 410 00 4400 4600
200s/ Dy

Y Prio /rmain ,Motar] i Motor2 i Makord jMakorS Jy Matore J Matar?  Bremsel f Bremse2 b Bremsed i BremseS g Kombil i, E-CAN GWL i K-CAN GW2 /
Bersit B7_ACAN_v483_04; Sico... | OFFLINE HUM HEX

SEerE
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! Yector CAHoe.LIH.MOST.FlexRay - Bf_Rennkonfig_Thomas.cfg * - [Prio G]

Datei Ansicht Start Modus korfiguration FEenster Hilfe - |8 %X

De £
FEHE WOl
Wb EEA~ARS RS MMEERM Y2 B ooy

Marne
Geschwindighkeit [ken/h]
Matordrehzahl [1fmin]

B Oelterp_Mator [7C]

B kuehimittelremp_ [#C]
Ansaughfttemperatur [#C]

B Ladedruck [bar]

B Fahrpedalwert_Dkpoti_[%]
I Fahrersunschmoment [%:MDT]
B inn_fMot_Mom_oeE [%M0T

B Eeqrzngsmarn [$MOI]
b v [ KO1_Tarkinhalt [1]
v U_abgastempsensor [my]

e ] ”‘ \ ‘m Wllll]f H|IW|“NJ h N h

5} gﬂ 100 | =m | hex  Realer Bus

< & &) %] £

<

B U_Diffdrucksensar [my]
» ¥ W QIC1_TE_Ch7 [°C]

Marne Einheit Minimum | Maximum | Mittelwert | St b, |m N{H ]

b [ Geschwindigheit kmyth 1] 2320700 136.3623 42,1520

B statistikdaten Grafik-Fenster

A

Makordrehzahl Lfmin 727 4788 3102,6329 6026583
B Oeltemp_Motor L 103 122 114.7123 23871
B Kuehlmittelkemp_ L 88,5000 o9 91,8015 1,2592

Ansaugluftkemperatur - 2 17.2500 54 40,5663 4,8031
W Ladedruck bar - - - - . W,
B Fahrpedalwert_Dkpoti_ % 0 100 63,1454 44,2063 RPSSWENP e YAV Vi P L PR, e N Bt e L Ty af)
B |Fahrerwunschmoment | %MOI - - - - ) h

B inn_IMak_Mom_oeE %MOT - - - -

M |Eegrzngsmom %LMOT - - - - ﬂ"r.r. ‘F. F
KOl _Tankinhalt | =3 o5 B4,1539 33,0756 i

U_abgastempsensor 'y 1455.2000 19951000 1865.6361 66,9510
B |U_Diffdrucksensor Y - - - -

QIC1_T8_Cha s 51,1484 86,2060 63,2884 4.4218
W QIC1_T8_Ch? *C 16,0335 48,5734 37,3097 7.3665

400 1600 180 : 4000 4 4400 4600

|-q"'3 Kopieren | | Schliefien | | 2 b Bremse3 ) EremseS A Kombil ) K-CAN GW1 J K-CAN Gwz [

B7_ACAN_v483_04; Sico... OFFLINE MUM HEX
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2011/02/25 Vgl: EN580-Diesel 7%-Bio /| BTL-Kraftstofl ':‘-:“-"é‘
; : [ 5 Analysing results of AUDI test bench:
§ [ i + 1,2% increase of torque
m i m + 1,0% more power
1 - 1,04% less spezific fuel consumption
i - 38% less soot
§ - all relevant engine and exhaust
; temperatures are almost on the
same level compared to diesel fuel
.
1000 1500 2000 2s:nonnz:}|i;m1 3500 4000 4500 ﬁmm.
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Experiences with HVO after 7000 km under racing conditio ns:

 Engine power and torque is slightly higher compared to fos sil v
diesel
* No modification of engine ECU is necessary v/

 No problems with decomposing of tubes, pipes and seals h ave . 3
been recognized -

 Fuel consumption is almost the same

« Standard oxykat in addition with HJS diesel particulate filter and .3
HJS additive can be used A 4

 The only negative point of using HVO is the entrance fee t o use the fuel
place for alternative fuels at the Ntrburgring.
To continue the development and to join the races in 2012
will result in extra costs of 1800 € for each VLN race!
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. . . ' a ® P2
Project Cooperation with  stahlbus RIOWE LMALUIro

Detailed analysis of effects on the Development of a brake fluid filling
passenger car's ABS braking system for OEM's and workshops in
performance due to aged brake fluid order to get an completely air

evacuated hydraulic brake system
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Thank you very much for your attention
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