OANJATHOCTUKA CUCTEMA
YBPU3ITABABA AN3EJ/1 MOTOPA

1. YBoa
B Ynpas/bakba pagoM AmM3en MoTopa - UCTOPUJCKU
pa3Boj
B TpeHyTHO CTake U TeHaAeHUuuje pa3Boja

On-board un off-board anjarHoctuka moTopa
CTaTUCTUYKM noaaumn



yBoa

[0 OcHOBHW 3ajaTaK AMjarHoCTukKe MoTopa je
yTBphuBare Cctarkba MOoTopa Unum nojeamHumx
HEeroBuUx cuctemMa u KomrneHaHata 6e3

packsanara 1 ako je moryhe 6e3 npekuaa pana
MOTOpaA.

[0 OcHoBa 3a KBaNIUTETHY AMjarHOCTUKY CTatba
MOTOpa je Mepewe ogabpaHor napaMeTpa.

[0 MpoBepa cTarba MoXe bUTKU nepnoanydHa nnu
KOHTUHYaHa.



yBoa

[0 TeHAaeHUW]a paB30ja cCaBpeMHUX BO3W/a BOAU Y
npaBLy noBehaBara 6poja enekKTpUYHux 1
eneKTpoHckux E/E cncrema n KomnoHeHara.

[0 1995. rognHe yaeo E/E koMnoHeHaTa y BO3UIMMa
je 6uno oko 20%. 2014. roamHe oko 35%!

[0 lNpoueHaT yaena E/E komnoHaHaTa purypupa mnu
KpO3 NojaBy HOBUX CUCTEMA WU/IM KPO3 3aMeHy
MEeXaHUYKUX, Xnapyanamnudkmx n rnHeyMaTCcKkmnx
KoMrnoHeHaTa E/E koMnoHeHaTaMa.

[0 OBO yTM4e Ha Noy34aHOCT BO3W/la Kao CUCTeMa
anin ca gpyre ctpaHe omoryhaBa npuMeHy
HanpeaHUX AnjarHOCTUUYKMX PYyHKLM]a!



yYnpaB/batba pagoM aun3en MoTopa -
MCTOPUNJCKM pa3BOj-

[0 Pa3Boj ayToMobusnke TexHuke nocneaHjux
nevueHunja kpehe ce y pa3sBojy 1 NpuMeHU cee
Beher 6poja MexaTpoOHUYKNUX KOMMOHeHaTa

[0 MexaTpoHUYKE KOMMNOHEHTE KapaKTepulle
MHTEerpaLumja MEXaHUUYKNX U eNEeKTPOHCKUX
KOMMHeHaTa Kpo3 xapaBep u codpTtsep

[0 OBaj npaBal pa3Boja je 3Ha4dyajHO yTuLao Ha
Ha4ynH pajga MOTOpa U CUCTeMa BO3WUMa aln U Ha
Herose nep@opmaHce n noy3aaHocCT.



ynpaB/batkba paagoM An3en MoTopa -
MCTOPUNJCKM pa3BOj-

Mechatronic
vehicle components

| I I ]
Mechatronic Mcc]‘._a'rmmt Mechatronic Mechatronic Mechatronic
mmbqstmn d11_vt: suspensions brakes steering
engines trains -

- electric throttle - automatic - semi-active - hydraulic anti- - parameter-

- mechatronic hydrodynamic shock-absorbers  lock braking controlled
fuel injection transmission - active hydraulic ~ (ABS) power-assisted

- mechatronic - automatic suspension - electronic steering
valve trains mechanic (ABC) stability control - electro-

- variable geo- shift transm. - active pneumatic  (ESC) mechanical
metry turbo- - continuously suspension - electro-hydraulic  power-
charger (VGT) variable trans- - active anti-roll brake (EHB) assisted

- emission control  mission (CVT) bars - electro- steering (EPS)

- evaporative - automatic traction (dynamic drive mechanical brake - active front
emission control control (ATC) control (DDC) (EMB) steering (AFS)

- electrical pumps - automatic speed  orroll-control) - electrical
and fans and distance parking brake

control (ACC)




@ ynpas/batba pajOM AU3EN MOTOpa -
| MCTOPUjCKN pa3Boj-

[1 llpe nojaBe MexaTpPpOHUUYKUX KOMMNEHEeHaTa CTake
MOTOpa je 6uno Morye caMo Ha OCHOBY HEKOJIMKO
Be/IMYMHA KOJe Cy MepeHe — NPpUTUCaK yba,
TeMnepaTtypa pacxnagHe Te4HOCTU, HaMoH
eNIeKTPUYHUX CUCTEMA.

[0 YBoher-eM aHaNorHor cucremMa ynpass/batba paaoMm
MoTopa 1967. n gurntanHor 1979, moryhHocTtu
yTBphuBara CTaka MOTOpa Cy 3HadajHO nopacrne.

[0 1998. y CA/l, 3aKOHCKM NponncKx No NuUTamy
eMucuje n3gyBHMUX raoBa ycrnoBuae cy npuMeHy on-
board diagnosis (OBD) Ha moTopumMa. UcTo y
Eeponu og 2000.r. Nog HasuesoMm EOBD



@ ynpas/batba pajOM AU3EN MOTOpa -
| MCTOPUjCKN pa3Boj-

[0 HaBegHu nponucu naMmehy ocrasior noapasyMmeBajy
peBun3njy nponuca no Nn1uTaky A03BOJbEHUX
rpaHnUa eMucumje n3gyBHUX racoBa Ha cBakmx 4-5
rogmHal

[0 lNocneauua - pa3Boj BapujabunHux cucrtema
MOTOpa - BapujabunHu ycuc, sapujabusHo
oTBapame BeHTu/Ia, BapujabunHa peunpkynauuja
M34yBHUX racoBa, Bapujabunuum typb6o nyHaum.
Pa3B0j cuctemMa 3a peayumnjy usgyBHUX racoBsa.

[1 Benuku 6poj oBakBMX KOMMNOHEHATa YTULIAO0 je Ha
Noy34aHOCT MOTOpa M 3Ha4dyajHO OTeXao Ha4duH
yrpaB/batkba MOTOPOM anun n yrephuBama CTama
MoTopa!



Classical diesel engine with

- swirl chamber 1960
- piston injection pump

- fly weight speed conirol

<— turbocharger with waste-
oate 1978
<— ¢lectronic control

Diesel engine with
- direct injection (900 bar)

, 1989
- turbocharger, waste-gate
- microprocessor control
<— gxhaust gas recirculation 9G]
<— oxidation catalyst 901
<— furbocharger with 1992
EURO 1 1992 —» variable geometry
EURO 2 1996 —» | <— four valves per cylinder 1996
pump-nozzle injection 998

Diesel engine with

- common rail and unit pump
- direct injection (1 500 bar) 1997
- variable geometry turbocharger
- microprocessor control

<— glectromagnetic injectors

<— pilot injection
EURO 3 2000 — | ¢ particulate filter 2000
EOBD 2003 — DeNO, catalyst
EURO 4 2005 —= “ selective catalvtic reduction

=— twin turbocharger

Diesel engine with
- common rail
- direct imjection (2000 bar)

2
- twin turbocharger 2003
- exhaust gas treatment
EURO 5 2009 —= | <— HPand LP exhaust gas recirculation

<— plezo injectors
EURO 6 2014 —» <— combustion pressure Sensors




ynpaB/batkba paagoM An3en MoTopa -
MCTOPUNJCKM pa3BOj-

Sensors

angular speed
(crankshaft)

phase sensor
(camshaft)

temperatures (coolant,
air, fuel, oil, exhaust)

air mass flow sensor
pedal position
charging pressure

rack-travel sensor
(injection pump)

needle-motion sensor
rail pressure sensor

lambda sensor

NO, sensor

combustion pressure (2008)

Sensors and actuators for diesel engines

15-20 sensors

5-9 main manipulation
variables

50-150 look-up tables
adaptive corrections

Actuators

injection:

electronic controlled injection (1986) -
direct injection with 900 bar (1989) -

common-rail injection with

1500 bar (1997), 2000 bar (2008) -

pilot injection (1991) -

injectors:
pressure-controlled -
electromagnetic -
piezoelelectric (2003) -

EGR valve (high pressure)
swirl flap actuator
turbocharger actuator
wastegate (1978) -

VGT (1992) -

twin turbocharger (2006) -

low pressure EGR valve -
(2008)



@ TpEeHYTHO CTatbe U TeHAEeHLMnje
- pa3Boja

[1 TeHaeHuMja :
B CMamere NoTpolHe
B CMamerne emucuje NOXx
B CMamene yectuua y usgyBHO] eMUcCuijn

[0 Kako?
B YHanpehewe common rail cucrema
B YHanpehewe npoueca caropeBara
B YHanpehewe cucrema 3a AoBOA Basayxa
O

YHanpehewe cncrtema 3a TpeTMaH U3aYBHUX
racoBa




W

TpeHYyTHO CTakhbe U TeHaAeHuuje
pa3Boja

[0 Common rail cucrem:

=
L

O

nosehawe nputucka (Buie on 2200 bar)
BuwecTtpyka ybpusrasama —nobosbiaBajy
npoLuec caropeBsara, cMamyjy 6ykKy n eMmucujy
Pasnnuyunte koMbuHmnauyuje HaunHa ybpusraBama
ropuBa y @yHKUMNjN pexnma paga MoTopoa

[loBehaH yaeo peuupkyauuje n3gyBHUX racoBa,
cMamyje NOX, yTude Ha Mame ontepeheme
Typbo KoMnpecopa



@ TpeHYyTHO CTatbe U TeHAeHLuje
- pa3Boja

[0 Moaudukauuja npoLeca caropeBama:

[0 Homogeneous compression ignition (HCCI).
PaHo ybpusraBame ca BUCOKUM cTerneHo EGR-a
Ha aennMmnmyHoM ontepehery. OBakaB HauYuH
BOAU ApaCTUYHOM cMakbery NOX-a u Jyectuua y
eMUCcnjn n3ayBHUX racosa.

[0 MNpobnem! NoTpebHO je ynpaB/baTu NpoLiecom
caropeBarba MepereM NMpuTuckKa y uuamHapmuma
3060r BeoMa ycKor pexuma paja n passamka y
npouecuMa Koju ce ogsujajy y nojeauHuM
UUAnMHApUMa.



@ TpEeHYTHO CTatbe U TeHAEeHLMnje
- pa3Boja

[0 NMpumeHa agBa Typ60 nyrwava:

[0 Pasznununtnux npeyHuka paan ocTBapuBama
BUCKOI CTeMNeHa Nymwera y Wwmpem oncery paaa
Kao n bosber ypb3awa Ha HMXnM 6pojeBuma

obpTaja.



@ TpeHYyTHO CTatbe U TeHAeHLuje
- pa3Boja

[l TpeTMaH n3ayBHUX racoBa:

SCR, Nox, H,S

YnpaB/batbe pagoM Ha 6a3u moaena
Behun 6poj ceH30pa

Paznnuntum unKnycum pereHepauuje

O000



TpeHYyTHO CTakhbe U TeHaAeHuuje
pa3Boja

Mechatronic
engine
components
Intake injection combustion exhaust cooling auxiliaries
components components components components lubrication
- electrical » fuel pump * variable » variable » electrical » electrical
throttle + common rail camshaft turbine thermostatic generator
+ intake flaps injection + variable {x_x.-'a_s_tu:gatc valve * starter
(swirl, tumble ) pump valve VGT turbo- * clectrical * electrical
« charging + solenoid / trains charger) coolant cooling fan
compressor piezoelectric  + 1gnition * EGR valve pump ¢ ‘*"fiflﬂhhl“ .
Injectors system (GS)  + particulate * variable air condition
filter with oil pump compressor

I'CgCIlCI"&iti['JI]

* SCR system
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On-board m off-board
ANjarHoCcTukKa MoTtopa



@ On-board amjarHocTtuka Mmotopa

[0 [njarHoCtukKa BO3UICKUX CUCTEMA NOAE/bEHA je Ha
ANJarHoOCTUKY MOTOpa, CUCTEeMa 3a NPEeHOC CHare u
cucrtema Lwiacuije.

[0 HajcBeobyxBaTHU]M je ANJarHOCTUYKU CUCTEM
MOTOpa Koju 3ay3mMa Buiule oga 50% pecypca EYJ.

[l Pasnor — nponucu no nutakwy eMucuje nagyBHUX
racoea. [luszen MoTopu 3a NyTHMYKa BO3Wa Cy 04
2003 roauHe (EU4) y obaBe3n aa nmajy cmcrem 3a
yrpas/batbe eMncnjom nsayesHux racoea (EOBD),
KoMepuujanHa so3una og 2005.r.



On-board amjarHocTtuka Mmotopa

[0 lpaherwe ctakba U AnjarHoCcTUKa rpellaka y paay
EY] MOXe ce nogennTtu Ha:
B aujarHoctuky E/E koMnoHeHaTa U
B [JujarHoCcuMKy nogcucrtema mMoTopa.

[0 E/E koMmnoHeHTe cy noBe3aHe ca EYJ n Hag wuma
ce MOXe AUPEKTHO BPHUTU MOHUTOPUHT U
AWNJjarHoCTuka

[0 lNpahewe pana n anjarHoCcTMUKa noacmcreMa MoTopa
3axTeBa ChneuunjanHy aHanumsy curHana unm
BpeaHOBaH-€ HEKO/IMKO Pa3IMYnTmux curHanal



@ On-board amjarHocTtuka Mmotopa

[0 EY] uma nporpamMmmpaHy — yTBpheHy pyTuHY 3a
AeTeKLUM]Y rpelike n ykKonmko je moryhe 3a
ANJarHOCTUKY.

[0 Aderekunja rpewke nogpa3MeBa a je Ha HeKOj
KOMMNOHEHTU MepereM yTBpheHa rpellka

[l YKOJIMKO je oKauuja rpeuike, eHa BeamynHa u
BpeMe HacTaHKa ogpeheHa— aeTepMMHUCaHa paau
BpeHOoBaka CMMNTOMA OHAA ce paaun o
ANJarHoCTnym Ctamrba.

[0 Fpelwuka nogpasyMmeBa He403BOJbLEHO oACTyNaHe
HajMaHke jeaHe KapaKTepucTuke cuctema.

[0 HeucnpaBaHOCT noapasyMeBa TpajHU Npekug
cnocobHocTU cuctema aa obassba CBOjYy DYHKLIN]Y.



On-board amjarHocTtuka Mmotopa

[l [deTekTOoBaHe U ANJarHOCTUKOBAHE rpelike cey
06N1MKYy Koaa cMelwlTajy y npuBpeMeHy MeMopujy
EY] 3ajeaHO ca ycnoBuMa paga U OKOJIMHE Y KOjUMa
Cy HacTane y3 Ha3HakKy Aa M ce pagu O CTa/lHO]
U NpUBpPEMEHO] FpeLlKu.

1 Ba)xHe rpelike ce caonwTaBajy Bo3ady npeko MIL-
a.

[1 [la/be akuunje 3aBuce 04 BaXXHOCTU rpeLlkKe.

[0 O6aBe3HO Kaja ce paau 0 eMUCUjU U3LYBHUX
racoBa HakoH Tpeher uuknayca BoXHe 0 HacTasoj
rpewkn ce obaBelwTaBa Bo3ay!



@ On-board amjarHocTtuka Mmotopa

[0 XuTHe yHKUM]je noapa3syMeBajy paa MoTopa Yy
3alUTUTHOM pexumy (orpaHuyeH 6poj obpTaja
MOTOpa).

[0 Bbe3bengoHocHe pyHKUM]e noapa3MeBajy pas ca
noaaTHUM cuctemmMma (Aynau CeH30p Ha nepanwu
aKLeniepaTtopa).



On-board amjarHocTtuka Mmotopa

componec nts

fault
diagnosis,
alarming,
storage

fault
classification

actions

supervision and diagnosis of automobiles

diagnosis

electric/electronic

diagnosis

thermod./mechan.

components subsystems
I | |
fault
detection
methods
fault
C .fﬁu“. fault
indication diagnosis
. ) “ storage
display methods )
I | I | |
comfort emission driving safety
relevant relevant relevant relevant
faults faults faults faults

disconnection

default
values

emergency
function

redundant
function




@ On-board u off-board

- ANJarHoCTuKa MoTopa

[0 CraTyc ceH30pa, KOHeKTopa u Kabnosa ce
npoBepaBa BpeaHOBaHEM Yy/1a3HUX CUTCHanNa.

[0 KpakTak Croj unm npekuna Moxe ce ogMax
YTBPAUTMW.

[0 N3MmepeHe BpeaHOCTU ce ynopehyjy ca
NO03BO/bEHMM BpeaHOCTUMA, a BEPOAOCTOJHOCT Ce
npoBepasBa ynopehewem ca Apyrum nosesaHnM
MepernMa. Ha oBaj Ha4YuH ce nopBepaBajy
U31a3HU CUrHaAuU ceH3opa.



@ On-board u off-board
- ANJarHoCTuKa MoTopa

[0 MHore gujarHocuyke dpyHkuunje EYJ ce npumemnyjy

L

y CBpXYy caMo - ANJjarHOCHUKe.

KoMMHeHTe Kao WTo Cy MMKopnpouecopwu,
MeMopuije n cuctemm KomyHukauuje (NpoTokosin)
Cy noAa CtanHuM Haa3opom!

[lojeanHe TecT npouenype ce aktusupajy npum
CaMOM CTapTy MOTOpa WU/MUau No npekunay HeroBor
paja.

Be36eAHOCHO Ba>XHU MUKpOMoOpLECcCOpU nUMajy y
napanenu npouecop Koju ra nposepasa!



@ On-board u off-board
- ANJarHoCTuKa MoTopa
[1 AKTyaTopu ce npoBepaBajy Ha CanM4siaH Ha4yunH Kao
N CEH30pPMU.

[0 AunjarHoCTuka KoMmyHukauunje namehy EYJ u
CeH30pa U aKTypaTopa je Aeo bus npoTtokona.

O Haarnepawe akyMynatopa U reHepaTtopa cnpoBoau
ce yrnaBHOM MepeHeM HaMnoHa Hanajama.



On-board u off-board
ANJarHoCTuKa MoTopa

conventional supervision and diagnosis methods for automobiles

diagnosis of diagnosis
electric/electronic of
components subsystems
diagnosis diagnosis diagnosis diagnosis board net .
of of ECU of of generator engine transmission chassis
sensor inputs hardware actuators communication battery
short-circuit — microprocessor = short-circuit bus protocol — fuses for short- L intake clutch steering system
interruptions check interruptions checks circuits — injection gear shifting brake system
plausibility — ROM, RAM plausibility time interval — interruptions — combustion lubrication suspension
checks control deviation| checks — supply voltage — lubrication cooling lubrication
[~ many tests active tests — overvoltage — exhaust tires
— SUPErVISOry protection L cooling

processor



@ Off-board anjarHocruka Mmortopa

[0 Off-board gnjarHocrnka MoTopa Ce CnpoBOAu Yy

L
L

CepPBUCHUM CTaHUUMMa — paamoHuL.ama.
Kopuctu ce cneuujannsoBaHa onpema.

AunjarHoctnyka onpema ce nosesyje ca EY] moTopa
npeko cedujckor nHeTpdejca Koju ce Hanasn y
KabuHM BO3U1a ca Bo3a4yeBe CTpaHe.

KOMYHUKAUNJNCKN NPOTOKONU CYy CTaHAApAU30BaHU
ny EBponuc ce npumenyje ISO 9141-2,a y CA
SAE 1850.

HakoH uHuumnjauunje ca EYJ, Mmory ce ounTaTtu
rpelke, ounMTaT NnapaMeTpu paga MoTopa u
TeCTUpaTu akTyaTopm.



CtatTMcTUudkM nogaum

0 N3 ayTtomobunckmux knyboBa Ha OCHOBY
MHdpopmMmauuja o ctarwwy 25 M Bo3una 3a 2005.

roanHy.

general [. . . cooling| fuel fuel |wheels,
components . |ignition |motor L .

electrics| © system |system |injection| tires
rercentage of R : -
Percciag® O 350 | 146 | 77| 56 | 55 | 6.0 | 62
failures [% |

clutch . _|exhaust| brake . |steering
components chassis suspension "lothers

gear system |system system
ercentage of _ . . | . _
PEICEFce Ol 41 | 42 | 20 | 14 | 06 0.3 | 6.8
failures |9 |




CtatTMcTUudkM nogaum

flexible pipes|cylinder|water |coolant|thermo-| cooler
components || V-belt| (heating, head |pump| liquid | stat |expansion
cooling) seals vessel

percentage of

Faitures % 1 || 27 20 16 | 10 | 6 6 6




CtatTMcTUudkM nogaum

POWER TRAIN : 47.4 %

component | engine hardware exhaust path, fuel system ignition | lubri- drive train
groups turbocharger system | cation
component [engine valve cylind.|[EGR| turbo |exhaust| fuel | gasoline: diesel:|ignition| oil |clutch| trans- |drive
mecha | train,| head charger| pipe |supply| throttle |inject-| coil, |supply mission |shaft
nics | belt catalyst carburetor, ion | plug
percentage ' ' ' '
of 2 1.4 08 |08 1.1 L.7 5.3 1.2 2.3 7.9 0.5 | 2.2 L.4 | 0.3
failures [%]
4.2 3.6 8.8 7.9 0.5 3.9
component |cooling auxiliary drives control
groups system system
component auxil-|starter| generator| ECU sensors
laries
percentage
of 4.1 1.1 | 3.7 3.8 20| 3.5
failures [%]
4.1 8.6 5.5




CtatTMcTUudkM nogaum

VEHICLE CHASSIS: 48.7% others
component steering brake suspension electrics & electronics h-?:mmgd.‘k chassis tank i
groups system system system air condi- |general
-tioning
compon- | steering | power | cylind. |brake|mechan- park-|ABS| sus- tires| bat- | general ignition immo-| air |heat-| air | body |[empty
ent mechan- [support| brake- | fluid | ics ing |ESC|pens- tery |electrics| lock bi- |bag| ing |condi-| exter- | tank -
ics hooster, brake | brake ion lizer tion ior
linkages pad

percentage
of 005 | 0.28 | 008 (004 065 |06 0205 7.0 287 3.5 1.9 1.8 |01 0.2 0.2 1.1 1.1 -
failures [%]

0.3 2.3 7.5 36 0.4 1.1 1.1 | 3.9




CtatTMcTUudkM nogaum

characteristic variables

requirements

time in service 10 years
operation time 3000 hours
mileage (in 10 years) 150, 000 km
average speed (oer 10 years) 50 km/hour
average number of rides per day (over 10 years, from private up to taxi)|| 10 times
number of rides (in 10 years) 50, 000 times
average mileage per ride (over 10 years) 3 km
relevance example events per ride |events per life time
safety (rare use) ||short circuit, airbag, car alarm [107" 50
safety ABS 10 5 % 107
(often use) indicator 50 2.5 % 10°
seasonal window heatin

oW ETHE 0.2 10°
dependent Air conditioning
once per starting ||door locking, starting relay |1 5 % 107
multiple per ride || lighting, wipers, horn 3 2.5 x 107




