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= Adjunct professor at the Royal Melbourne University of Technology, Australia (since
February 2013)

= Head of Institute "Applied Thermodynamics and Combustion Technology" at FH
Aachen (since 1998)

= Head of Institute "Thermal Power and Heat Engines and Vehicle Mechanics" at the
FH Aachen (1993 to 1998)

= FH Aachen: External lecturer in the field of internal combustion engines (1985 to
1993)

= RWTH Aachen University: Lecturer in the field of energy technology and internal
combustion engines (1984 to 1989)

= Ph.D. (1992): Thesis title “Effect of cylinder design on the tribological properties of
water-cooled four-stroke internal combustion engines”, academic teaching adviser
Prof. Dr. Franz Pischinger

= Academic study: Semester abroad at the University of Las Vegas, Solar Energy
Systems Engineering (1984)

= Academic study: Dipl.-Ing. Mechanical Engineering “Process Engineering” at the
RWTH Aachen (1979 to 1984)
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= Consulting service to various companies, director of the "Competence Center for Electromagnetic Valve Train
Systems”, senior project management, attestation engagements, seminar manager (since 1994)

= FEV Aachen: Various positions from group leader "Tribology" (1989 to 1990), assistant to the business head
"Design and Development" (1990 to 1991) to the department head for "Engine Mechanics" (1991 to 1993)

= Institute for Applied Thermodynamics at RWTH Aachen University and FEV Aachen: Researcher and project
engineer in the field of combustion engineering of ICE (1985 to 1989)

= Desert Research Institute, Boulder City (Nevada, USA): Research engineer in the field of latent heat storage
technologies (1984 to 1985)
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Lectures at Aachen University of Applied Sciences (Institute of Applied Thermodynamics
and Combustion Technology)

ANSTANENTTAUURUUING

= Fundamentals of Thermodynamics (Ba - 3. Semester)
= Vehicle Dynamics (Longitudinal !) (Ba - 4. Semester)
= Internal Combustion Engines (Ba - 5. Semester)

= Combustion Technology (Ba - 6. Semester)

= Space Propulsion Systems (Ba - 6. Semester)
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= Environmental Effects of Vehicle Powertrains (Ma - 1. Semester)
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Lectures at Aachen University of Applied Sciences (Institute of Applied Thermodynamics and
Combustion Technology)

By External Lecturers:

= Patent Law for Engineers (Ba - 6. Semester)

= General Management of Automotive Suppliers (Ma - 1. Semester)

= Global Automotive Homologation and Mass Production Release (Ma - 2. Semester)

General Competencies by External Lecturers:

= Project Management (Ba - 1. Semester)

= Rhetoric for Engineers (Ba - 1. Semester)

= Leadership and Decision Making (Ba - 2. Semester)
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Regio Politecnico di Torino (lseiFauldawmeiia Royal Turin) ﬂ@mmusluﬁmvmmuﬂuﬂ 1906 usildurindiadieundululnandniu aderewdu Scuola
di Applicazione per gli Ingegneri (Technical School for Englneers) Fenesaanlugl 1859

indnwun (1) 2017/2018)
Fiuau 35,000 AL TN U.65 vaz U.1n ANNEB AN SN L
684 U.1on -1 2018/2019
68% WWulinidauuaniun Piedmont (52% denasu uaniwn, 16% 16 NTI6) .75 567 au
d115an1sdnen 2018

1.0 434 Ay

AUIU 6,691 AL

AUIU 3,495 e msuseau U.05 - Average age: 23.7

1w 3,196 dususeeiu U. n - Average age: 26.2

SnsMsenusaeEIsansAnunsesuUsaan Innilidndsanndisanms@nun (Almalaurea 2019 ): 88,6% (Fniaduvos
9ma 73%).

nanansnsaou (U 2018/2019)
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_eraflorl Main campus

-~

Castello di Valentino
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meanu Politecnico: maiwn

11 nm31n:

DAD - Department of Architecture and Design

DAUIN - Department of Control and Computer Engineering

DENERG - Department of Energy

DET - Department of Electronics and Telecommunications

DIATI - Department of Environment, Land and Infrastructure Engineering
DIGEP - Department of Management and Production Engineering
DIMEAS - Department of Mechanical and Aerospace Engineering

DISAT - Department of Applied Science and Technology

DISEG - Department of Structural, Geotechnical and Building Engineering
DISMA - Department of Mathematical Sciences

DIST - Interuniversity Department of Regional and Urban Studies and Planning

Co-funded by the
Erasmus+ Programme
of the European Union

UN

'TED




ety Politecnico audmvivaaa ONITED

e CARS@PoIiTO - Center for Automotive Research and Sustainable Mobility
e CWC - CleanWaterCenter@PoliTo

e Ec-L - Energy Center Lab

e FULL - Future Urban Legacy Lab

* IAM@PoliTo - Integrated Addtive Manufacturing

e J-Tech@PoliTo

* PEIC - Power Electronics Innovation Center

* PhotoNext - PoliTO Interdepartmental Centre for Applied Photonics
* PICA4SeR - PoliTO Interdepartmental Centre for Service Robotics

* PolitoBIOMed Lab - Biomedical Engineering Lab

* R3C - Responsible Risk Resilience Centre

* SISCON - Safety of Infrastructures and Constructions

* SmartData@PoliTO - Big Data and Data Science Laboratory
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* LIM - Laboratorio Interdisciplinare di Meccatronica

* nasuNall wa. 2536 Ieadly “nisfauvu’ Tesaudatuwouninain Departments of Control and

Computer Sciences (DAUIN), Electronics and Telecomunications (DET) and
Department of Mechanical and Aerospace Engineering (DIMEAS) aas Politecnico

di Torino.

* http://www.lim.polito.it/

* Research areas:
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Automotive

Control Units for Mechatronic Applications

Energy

Magnetic Suspension

Mechatronic Systems for Mountain Safety

Mobile Robotics and Unmanned Vehicles

Power Actuation

Rotodynamics

Vibration Control



http://www.dauin.polito.it/
http://www.det.polito.it/
http://www.dimeas.polito.it/en
http://www.lim.polito.it/
http://www.lim.polito.it/
http://www.lim.polito.it/
http://www.lim.polito.it/
http://www.lim.polito.it/
http://www.lim.polito.it/
http://www.lim.polito.it/
http://www.lim.polito.it/
http://www.lim.polito.it/
http://www.lim.polito.it/
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e 1998-2004, MS degree in AE from Tashkent Automotive&Road Construction Institute
* 2004-2007, PhD degree, Tashkent Automotive&Road Construction Institute

e 2007-2010, Researcher, Tashkent Automotive&Road Construction Institute

e 2010-2013, PhD degree in Mechatronics from Politecnico di Torino

e 2013 — present, Researcher in DIMEAS, Politecnico di Torino

e 2018 — present, Associate professor, Turin Polytechnic University in Tashkent

e Courses: Machine design, Motor Vehicle Design, Modelling and Simulation for Vehicle Component Design

* Research: Hybrid Electric Vehicles, Automotive Mechatronic Systems for Energy consumption reduction,
Vehicle Dynamics
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Source: General Motors
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Typical mid-size vehicle
Aero
Standby/hdie Accessories > 2.6 (10.9)% <
172 (3.6)% 2.2 (1.5)%

T Roliing
mm L e |«
. 18.2% 12.6%
100%> 8‘( Engne || (25.6%) ">_) (20.2%)

- —>> Kinetic L
v

Braking
5.8 (2.2)%

Engine losses Driveline losses
62.4 (69.2)% 5.6(5.4)%

NOTE: Numbers indicate urban energy distribution. Numbers in parethesas indicate highway energy distribution.
SOURCE: Partnership for a New Generation of Vehicles.
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Time lag for 0-50 km/h s <4 Curb weight kg 1181
Time lag for 0-100 km/h s <13 Weight class kg 1250
Time lag for 80-120 km/h in 4" gear s | <13 VW Golf Drag coefficient - 0.321
T 2
Time lag for 80-120 km/h in 5™ gear s - \/ehicle front area mz 2.1
Gradability at 1 km/h % | >30 Tyre radius m 0.309
T d kmh | >180 Tyre inertia kg.m® 07
op spee. m 5 Engine displacement I 1.6
AGCEIe:atmn m/s >4.5 Engine inertia kg.m® 0.125
Range{ ) km >600 Efficiency differential + gear 0.9
™ Where applicable 20 km ZEV range Transmission ratio of differential gear 425
Transmission ratio 1% to 5" gear 3.AL55M.94401 370/1.032/0.850
130
120
110
100 * Part One >t Part Two . . .
% _ Simulation results with AVL ADVISOR
Speed 80 k1014 phasens 4082 km
tkmih] 7 Average Sposd: 1 ket

EUDC Cycle of 400 s
km 6.955

Max. Speed: 120 km/h
Average Speed: 62.6 kmh

0 100 200 300 400 500 600 700 800 900 1000 1100 1200
Time [s]

Co-funded by the
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was WTW [MJI/100km] = (1+ndsaems WTT [MI_ /MI{]) X wasew TTW [MJI/100km]

nAuRmNandenisduiunisdud (WTT + TTW) dususandminuannds 100 nn. ineusoadnans NEDC (ldsonunasniifisgiomas)
v A X a
MJ; — wasnunazauludomas

MJ,, — WasuMeueni 14 lunswan 1IMJ

WTW GHG [gCO.eq/km] = TTW GHG [gCO,eq/km] +
+ TTW energy [MJ; /100 km]/100 x WTT GHG [gCO.eq/ MJ;]

CO, equivalent = CO, emissions + 21 - CH, + 310 - N,O

Co-funded by the

Erasmus+ Programme Source: Edwards
of the European Union 16




wowdani WTW = TTW+WT1

PISI — Port Injection Spark Ignition

DISI — Direct Injection Spark Ignition

DICI — Direct Injection Compression Ignition
Hybr. — Hybrid

COG1 - Conventional Gasoline
COD1 - Conventional Diesel

Co-funded by the
Erasmus+ Programme
of the European Union
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COG1PISI
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|

|

!
100
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|
!
200

300

COD1DICIHyb
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coD1DiCl
COG1DiIsI
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COD1DICIHyb
COG1DISIHyb

cobp1DiCl
COG1DiIsI

COG1PISI

UN

OTTw BWwWTT

'TED

2020+

2010

|

|

!
100

200

GHG emissions (g CO,¢,/km)

2020+ Hyb.

Source: Edwards
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s 1un :uvislalnganduen (CH,, C,H,, C2H,, C,Hg, C Hg, CH,, CHO flusu), msuaunavenlad (CO), lulnsiaueanlasd
(NO, N,0O) uazlulnsiaidaod (NH5 uar HCN), fradamas (SO,, OCS, CS,), alamsuen (CHCI uas CHBBF) LAZALNIA

P4

o e ifidawinliAnnzFeunszaniiinauetneiniau (i CO,, O anlnaWes, 1ain)
* ARinANTeINaiEAe “NstiuyeidndAaundeNaesansviTandsnunenana WiRaduA e sagun N TesNy e fURTIEAaNINEININRTIA AL IE UL
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*  wanw (nN15idans),
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dl 1 goj A a
®*  AANN9UUAN (AINIA U1 UTBAU),

a aaa a A [ = ai Yo a
*  whuung GNERIZ) izuuw,qﬂm@mﬂm@mwmumimum@mzmmmmww.
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* Asannszuounisrn ndn lanysalialdmunzan: afuaunauanlas (CO) latasansuaundaluimn g (HC) Tulnsiauaanlds (NOX) duazaas (PM)

A A

*  Pldanasmnusvzassniaiingu Nleglumamas: fedauas (SOX), ansdsznavlany (du indetes Pb Tumemaauwduii)

U 96/ o | dl % o | dl A o dl = ] dl o
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* lunIm (NM9AANVRINTA)
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wissfisn: IEA, WEO 2016, Special report on Energy and Air Pollution
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European
Union

United States
(13 Mt)

.org/weo-2016

Latin America
(6 Mt)

Africa

Russia
(4 Mt)

India

China

NO, emissions (6 Mt) (7 Mt) Southeast
" Transport Asia

M Industry (6 Mt)
M Power

I Other

Source: IEA, WEO 2016, Special report on Energy and Air Pollution
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* lalnsmsusunluinlvd unburned hydrocarbon (HC) n1sdassnafisivanaumas:

a) aate9IN.

* Tuszninanisdanarnismn el usasunszuanguniinauazivAuliitaudaulunszuangunaisailusasuen
(1 FunmeanuAL @exseiuiesn ud): Funsssndnesumugnquuazniiinszuanguazluninga.
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No. 715/2007 : pollutant emission limits for passenger cars (CO, HC, NOx, PM, PN)
Euro 1l Euro 2 Euro 3 Euro 4 Euro5a Euro5b  Euro6
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RDEpnIIutant =
CFpollutant x Euro 61
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Erasmus+ Programi based on boundary including
of the European Un conditions normalisation

Source: Klaus Land
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Table 1
EU emission standards for passenger cars (Category M, *)

Stage

Positive Ignition (Gasoline)

Euro 1t 1992.07 2.72(3.16) - 0.97 (1.13)
Euro 2 1996.01 2.2 - 0.5

Euro 3 2000.01 2.30 0.20 - 0.15

Euro 4 2005.01 1.0 0.10 - 0.08

Euro 5 2009.09P 1.0 0.10d - 0.06 0.005&f

Euro 6 2014.09 1.0 0.10d - 0.06 0.0058f 6.0x1011 &8
Compression Ignition (Diesel)

Euro 1t 1992.07 2.72(3.16) - 0.97 (1.13) - 0.14(0.18)

Euro 2, IDI 1996.01 1.0 - 0.7 - 0.08

Euro 2, DI 1996.012 1.0 - 0.9 - 0.10

Euro 3 2000.01 0.64 - 0.56 0.50 0.05

Euro 4 2005.01 0.50 - 0.30 0.25 0.025

Euro 5a 2009.09P 0.50 - 0.23 0.18 0.005f

Euro 5b 2011.09¢ 0.50 - 0.23 0.18 0.005f 6.0x101"
Euro 6 2014.09 0.50 - 0.17 0.08 0.005f 6.0x101"

* At the Euro 1..4 stages, passenger vehicles > 2,500 kg were type approved as Category N, vehicles
T Values in brackets are conformity of production (COP) limits

a. until 1999.09.30 (after that date DI engines must meet the DI limits)

b.2011.01 for all models

c. 2013.01 for all models Source: www.dieselnet.com
Co-funded by the g 21g NmHC = 0.068 g/km
Erasmus+ Programme e. applicable only to vehicles using DI engines
of the European Union f. 0.0045 g/km using the PMP measurement procedure 32
g. 6.0x10"2 1/km within first three years from Euro 6 effective dates
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WLTP Test Cycles

I T

Class 3 PMR > 34 Low, Middle, High, Extra-High If v_max < 135 km/h, phase ‘extra-high’ is replaced by a repetition of phase ‘low’.
Class 2 34 = PMR > 22  Low, Middle, High If v_max < 90 km/h, phase ‘high’ is replaced by a repetition of phase ‘low’.
Class 1 PMR = 22 Low, Middle If v_max = 70 km/h, phase ‘low’ is repeated after phase ‘middle’.

If v_max < 70 km/h, phase ‘middle’ is replaced by a repetition of phase ‘low’.
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