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Determining the Operating Range of the Actuators in a Turbocharged GDI
Engine with VVT for Design of the Experiments

Amir Akbari Sula?’®, Mohammadreza Bahrambeigi?

1*Engine Calibration Department, Irankhodro Powertrain Company (IPCO) a_akbari@ip-co.com
2Engine Calibration Company, Irankhodro Powertrain Company (IPCO) m_bahrambeigi@ip-co.com
Abstract

Air pollution and global warming have urged automotive manufacturers, like many other industries, to improve
the efficiency of internal combustion engines to reduce fuel consumption and emissions. This necessity, along
with efforts toward engine downsizing, has led to increasingly complex engine systems. Moreover, the absence of
proper calibration in modern engines results only in wasted time and costs during engine design and
development. Therefore, calibration methods must also improve along with engine technologies.

The growing number of actuators in engine management system significantly increases the time and cost of ECU
calibration. One of the fundamental yet crucial approaches to reduce calibration effort is to identify the
appropriate operational range of actuators. This, in turn, allows defining practical boundaries for calibration
variables such as valve opening and closing angles, injection phase angles, and the relative ratio of each phase.
This help reduce the number of required engine-level calibration tests.

This research was carried out at Irankhodro Powertrain Company (IPCO), concentrating on the development of
turbocharged gasoline direct injection engines equipped with variable valve timing. These are currently the most
advanced engines developed domestically. In such engines, extracting optimal actuator operating ranges is
critical for initiating ECU mapping and improving the speed and quality of the calibration process. Without
proper constraint of these ranges, the mapping process can become highly complex, time-consuming, or even
infeasible.

In this study, base calibration variables such as air-fuel ratio, spark timing, valve timing, injection timing,
injection split ratio, and fuel pressure were collected from several similar engines. Suitable actuator operating
ranges were derived through benchmarking. The engine map was divided into three regions: NEDC driving cycle
zone, low-speed high-load zone, and high-speed zone. This segmentation helps constrain the test domain and
reduce the number of possible calibration states, eliminating the need for exhaustive point-by-point mapping.
This method reduced the operational domain of the actuators for calibration tests up to 99%.

Keywords: Operating Range, Turbo Engine, Direct Injection, Variable Valve Timing, Design of Experiment.



S g jomdgyd W ygige (lallims s lod ok )l WY e Acgezo I“I
L]

oM 29y o WS Sujd prd g wlie lagise
g 36 093l b lapi Sl 5 oy oo (S
pLsl sk il alie (sbaygige 5l (o)1l Lo il dudo lonns
390 3 Ml S (el 38 gy S iz slaggesl
bl oo CuBlS sl 9,8 g Byl (63 os 0390000
o)ly> SNl £1,] L Y+ \F Lo ;> PSA Group <8 b liioxa
& ol gl EB Turbo PureTech g0 (Blpsl b
9 bobgw die siglej cslals otz (il 5l (oS 5 oolital
b cdgw Bpae jials el hia ol Voo jLidy (sl )gSl
omb bl alsl i lul cage Al wad o) T
UK S5l Canbge (sjlotingg (x5 o) > 1]l ok
P e OB 35 S Bl g pales e (58S (gtan
@ ohagh cpl b LB gige Hlul 3 Sles edgiome (s
P oeyay bySles 35 @l & we G ggsy
A8l 9o 590 0,8es )3 Wlgise ojluil 42 b fosomy (slaygige
ey CBd & ()8 slodgasme L o Slas 38> ulal 4ly
Sgbe) b Fosomn lagise sly e (nl dwye slai &5 g
S JiS Sl Jde drwgs 538w g oyl ML (See (Sl
sladse [2]963)5 (cwyp Cole e p ]y (B Gl gige
Sojed sl Jao 5l S5 &S o ol ) ol eolaiw] (Seelisd
Qo ¥l geS sl b1y jeise jldy ditwilss widg jezee 03l o
o Sl ol S G Gl 0l Bly slaosly 4 Cas
A SlS 203 B b aiged ysige sl ) gl S Gloj el
Sbygige (Phb dswgi e 3 VO Jlo 3 35 ohlSes 5 nsS
dawgs jolaio & (MAHLE aS oo (gl dcgesme jailuw dw
b o Sual s alais 5l (ogas 4y a8 5 (b Glojer
ad 9y Jlagse lpl 3 Shes la odgue (355 (o)
oxt¢ (DOE) “pgeil (b (slabyy | ogise JSew (il
S oslawl 5 (60,Slas 03500 i a5 W08 ool byl [3] 5
Faw damg g (Hhb Sy (i 4 ol 5l au DOE a3l
Ojp b 3 65N BBgR (e Al S e S B
aold aildiadsn (gilwdgioe 3,S5s, jl edlaiwl a5 wad o LS
15 Caoal 3l dymly 5 oaail b ) Lin bySles (6l
CS b e e 4G5k sl 0391 by Slas aigy bl o8l
bli (8L )5 @ sly 0dd golae 2yl 5l 5 Voot Jlo
[4]205)8 odlisial yrogeln> g9y 32 s5990 £ )5 a9l

by Ve Jo s ghlen 5 SIS0 o> gadle G 5
b ySlos 3 )Slas ol slrosgiome 355 dos glsuinl
Sbodly g )50 (Suslid 3Slos Jlod 4l a5 2038 sletity

S wSie sl 38 Gimen ol 5lag slsel ygeil Bl

6 Design of Experiment

Ol ey s cg g oSiig 5 1404 obi 01 JI 4029 '
o)

Aodo

ol geelm Sl sl (Rl L wsls Ul
gl (b s B3 Codgizme 5 I (S35 (e
2 4 bygld drwgl Caw & (Slug s Caio pogaty
Shal b cS s pl Wl oS S s saudeyn sladilpin die;
5 hxe Cumj slaos VT (lalsdS (glajls Laxl gals’ b
GuP s aleysld Luly e 3 g s BT e )
Toobgw e i gloj 5 Shedn (GDI) D pjh peites
g 90 B Glial laygise (b ) 03,08 sk (VVT)
ol s s s

oledily 9 YL gy 4 aliwd pad 39 o ks oS 5
ol ) SVl g Gl s Js ol g e
@k g 0les Gl coly gyl ol ST sjlee
oFye 2 es 5 (JpS Jlle bl ol j5ige Iyl
xSz b 1) (EMS) Tygise copie alls (ogase
s ialidl ol a5 4 g by Slee dlas ialihl WS e odom
L1, (ECU) £ 550 4bl, cudl$s anl b « Jite 8 (clauite
VVT s GDI j5ige o (sl 45 (o0 a2l s slagilly
oy oluss ity )Lid (295 9 93909 Clgw s g jb oloj
wgli il Slajle wly alsye m > GRSL G (RSl
& dd Hgige 4l lapiie Cdgw 4 lgn Cund 5 (Sja8
i s Lolol ©lssp s5ise Lad b aydlS sl
|y ol slasgej] (o)l blis 345 45 s (g igmg (53,Slac
logeil sl il lislo 3,500, ol 11 ande Ll
9 59 Ay Ao g (loj pSedda ialEl 4 i ¢ Sopl
Dyd s ypige Ll GlSal (58 o 5l >

oFge CalS anld ilwodls (dly gadS (el (S
drwgs ool slpe ;0 b Slas digy (69,Ses 03gi500 gl sl
W6 bli gy slab )8 iSaeS b laodgme ] sl
Ol g ooy 0 grdbie iuedin claggel] (Bhb
S o ol 3 1y (2Bl (slacygeil o 3S pes

b ko Mol gaw o Clidod wpse sloygise (S
ol o3l Lilil 1) ECU sl aolp (ojluaie ggg0
@iy ol )0 (S pl glaylaly jl (Sowl o)lil & jslailen
ab Joha sl ) Gl baylos (3, Soe aialy (5jludgie
il 4 b (255 adllae )b I Wlg5 oo wre (nl il 9390

1 Gasoline Direct Injection

2 Variable Valve Timing

3 Engine Management System
4 Electronic Control Unit

5 Turbocharged Engine




S g jomdgyd W ygige (lallims s lod ok )l WY e Acgezo I“I
L]

MR bpsll g (poyn 3j90 Sl CS 5D > larwg Hgige
Ll g0l gy 5l adllas cpl )3 odlitul 3y90 (claodly aiz8 S
4 bl Sosay gl ul 0ad gliscl opgesl BB )5 55590
slaysie polie ECU I8l o5 (392 (ol 4 429 b Canl 03,
S slajpe c3ls ly (ly s gl ul > Ban
Vi 3 Bygise (IS (Shy djleise wald pudins 32)55 o
Sy )8

Show Joo agly JymS Slee g3 iy (158 4 W 0,5
4 gb s (58 Al a3 sl wl gt Vo legeone
Co g Bpao 5 (SaV] g 058 i gyl glul o glaigs
Cond 35 By agly 15l ale clSs Gl sl pusio AL digy
o2 G oSS 4 Jol (Bl o0y Cond ¢ g 0 Ign )l oo
Lo gord agly o Jsl o2l bl b opd @l o JS @ pod il
g iy Ui pge GRSL UL L £9pS gl pgd LRBL (LL
(9 Sabl e igly 9 (93979 Sl Jio gl;

me ol e Gl g S Jole ud (Yo el oS 4zl
WWigas g)ls diy dad 8l Cps b oS Wi o jusie g
gl (g & g Cund g B> Al (358 ke Vo o
2o 5l (oS5 5 b )8 dla o (gl oS 1 flBl ood s
iy opl A Gl 0)8 4 asdis Mes lm‘j e 500 (sl yusio
Byl 45 398 G Gl (Sl 882 yglj o) alails o )3 &5
I8 OGS 5y 3 b o3 ) Tisse s pgllS Aty Candy
Sile 8 Inj il Hgige Sl (293 I led 4 iy
S Ban b Gawen i gl 0 pegaty I g Cgw S 5
Slols Slbss ) cblis Gun b gl ey slajs o
4 jaeme GDI jgige o ) cnlpls 2y 0 pbsl y9i9e (295
a1 1l 3 i (glapite L8l )3 g Sal, S,
W5 5L b S o S wren () sl ygige (6)8 393 (g0
5 Cuwd b L9 Cgyla (2l (B > Jine slapite 5| (S
Al il @l ol ) i () Cundy s 4 ol 0391
A il ygige 3,8es (Shy SO L) i 4l O JSS
30 Ol Bobgw sy oloj 9 GRSl 3Tyl (il )Lid
O L Lélezo 2 Lzaobﬁ.\.xo O g Q}o)'] slaodly gan awd
sl o ol 3,50,

4 Maximum Break Torque (MBT)
5 Knock Borderline (KBL)

Ol ey s cg g oSiig 5 1404 obi 01 JI 4029 '
o)

olsa ogige Capde bl il (o3,8les clrjye ololis
7 b & lp ol b Sl 48 B 3 ol P
Bedgime ()5 5l 0 b Al wed e el ) ayges]
b sl N9y dgw Bpae 5 SVl izl b
S o FlS g paiadion

2o Sy b siadyly botagy Les
Ol e el Vosdle 30k g 0058 laggjluans
oxs Gl IS Sul, o fSaw > ) slaasb gl sl
Sl b YN Lo 3 bloly 5 Jll cllllas ol 5 (So 3 -l
o5l Jae o (hjgal g ordigilodnd sloodls | xg w2
1y ol 5 meso YT jLisl 5 jgige 5,Slas €85 4 Ml o mas
Ay 309y cpl 6] Gmpte ) e b
Silodend ($395x0 o iw & oS (S (225 slayge)]
55 6 glaldd il cuenl ey LB 4SS el s
sy (g3lodnnd ol plsl (ol

Slopisesl drug g2l npiete Jl S lgie 4 o AVL <S55
sl ;o) 5l eolael b CAMEO Gl38le 5 30 (les 53 (5)5750
il lisbe bgy wid siuanl glajisls 5 (bl Sk
sleodls 3ol b 2,5y cpl 7] casl ooy @l cuslSS (4l
age) blas B ol 1Sl losige 4 odse (gla Jse 5 (21K Lo]
Slodgae 13 1) by Slas 3, Slos g 03)8 Cles] dadin Oy |,
S o)l prte

Wb Gilwdnd 69y p baptagh jule o b clal
358kes Slia oo L (8l aygly s pleyeito 56 g
2 b Slas (630 sodgioe gl Sl g Slals S 5o b ygige
I a2 e 590 903l Bl swodls Sl (g )ogSN B
990 MF g (Phb (G CSyb ple ol el @8
0piS 15 )3 595 Sb)gige dmgi pliiy (IPCO) Y9395l
4 e yise (905l 2l g seome slasbo Sl saie 000 b
rob gl Casl &by (s> g pre ol 4 g0 PR
5 Al dawg slaygige (6l psSl I Lo sleedly 4 K1 L
Ao cptiz 425,18 5 dagl ) sl gy g 0 (5,15
998 Olpl (xie 09)F SV gae (laygige Gl 5 dawg
OselpdS ilodine Cap (o (20N drwy Sl (B
28l CVVT & jeome GDI ()58 L 5,Lbg295 (sl ygige

BT
WLA d)lf 039450 CI)DU.M:I 9 WX )}l&«b“ suu.tbﬁ)) u:l P
w9 odd 5yl 550 slea GDI gige sl b Slas sl

! Machine Learning Algorithms
2 [rankhodro Powertrain Company
3 Dynamometer




S g jammin s 5o )si e (Modlimm Sulod (b )l WYL dcgoo ll"
(J

Ot eyl s gy oing sy 1404 LT 01 JI 14029 '

.Lm)ﬂo.c 33 0dgae 48l g ol oy (sl yeig0 lasuiie :\qu

Vojlod j5ige | Fojled g0 | Bojlad joige | Fojlad jgige | Vojlod jgige | Vojlad g0 | ) ojlad jgige | 5 daside
e I T S B I P e W e N e P )P9e E9
W Ve s \Sen VO - Vs VYoo Yoo J5i5e >
PRl 35 | 2Bl BnF | Bl BuF | e GoF | e GUF | e 35 | peies B2y uz:))&y
$olbss $olbss b i 5oL )L il )L Sl g5
555 CVVT | 54 CVVT | wlys CVVT | wl545 CVVT | il CVVT | @iy CVVT | wilSgs CVVT Lff C’l‘j
<l
Engine Load } Engine Load }

BMEP =10 bar|

3000rpm

Engine Load

BMEP =10 bar|

3000rpm

BMEP =10 bar|

.
Engine Speed

BMEP =10 bar|

.
Engine Speed

.
3000rpm Engine Speed

Engine Load

.
3000rpm Engine Speed

M L;‘Jb),uwa yg)l? LS‘)" )L) dy90 oYl MK%)}J}A (_5)[5 0dgd5we (§4 dubl: :) JS.»

Jlesl yoml Coaw Hlid wiliiwl 350 saalidl S5y 4
Y jLsé CS g ooy UJLJ@; 639450 A ‘u.u'.wl oy g
W30 (LB (s 3590 S)959e )

Sl joriz 5)F W30 LIS & 3l dgay ilisee Cliyi>s
domlie glidS 4 olitwd g Bl CudS dgm0 (s (g
5 e slygd 2 Baes ulple ad e 20 1y S & ey
0395 (l 53 D9 e o3kl 3,50, ol 1 YU L 5l b ol
S dSs cwl Joluto glals o aw b 53 13k gise (53, Ses
S alypow g ped ol b bl oy puS CSF 405 Y
9> AW ¥ g ¥ o)led slaygige )3 a3 oo (LS C g RIL
P bl o edlaiwl (IS jelay paw bl 51,555 GDI Hgige
oor ¥ e 3 A JSE 3 edd By (Bly oty Hlas
Yoasl o .l asly glals o tis islb Mas Vg ) (2l ol
WBaw b 9> & i e g Sl j1 53 B8l I (o Iga> 33

Y X IPOUe S X YRR U1 C IV ARy e) SO L P

W gy, o
bl cudy b Yoo Lid b Yoans GDI (slaygige ) oy
Y0r b cigw jLid Fojlad j5ige slai (63130 53 9o (el
i cJole ol JpS ol cla) ol asly ulidl 5o )b
ol ol ygk g Glinl dgme cuy (el 2o B LIS (2
b Loguass ()8 bl 55 5 bl il o sles <ly3 Sy
WS’ Bl Cudgazme I 0 93 S il S b 593 5 o5

Ll el 8 s 4 cogw Hlid daasladl
eSS GEab o) e b Dgdote cuw &
S e Iy bl oa b chgw )y JU 5 Chgw il
b sl » Sle byl el @lae (Sp 4k
s 4 s nlS o b g e A8k 5
Ay Canwl S0 W 000 0 bl o) Gt b Ko oS el

! Particulate Matter (PM)




S g jomdgyd W ygige (lallims s lod ok )l WY e Acgezo l“l
@

Ol shre Gl odd 03l L pow g ped (Jol 5B slp iy
Eoyi O Y Syo dais | S anyd sy dlold (idl ay4l;
WA IV

2550 )k 9 393 4 Camd (Rl dgl) Sl Kig) ¢ ol BB 4
993 izl a8 5 S el laodls Julows 51 )lgs o (ST ooy il o
i olej 3 x3U L jgise sl GRSl g (RSl mped b s
ol ol)o.tb WL‘

Engine #3
Fuel Pressure (bar)

Engine #4

BMEP (bar)

BMEP (bar)

Ol ey s cg g oSiig 5 1404 ubi 01 JI 4029 '

Jsl sl &5 e g (5 sk g (Bl gl Hlas dlads
Syodbl Jlg> pgd (il d9d 0 plol (A8 dl>ye )3 MelS
Ol Gloj Al andly S92 pow Bl HS1 Ysare Al o (1l
bl > bl d9d 0 jlEl (iS5l 5l g 00l o pud (oS pgo
Sl o w515 Al pe bl U pgd (bl oloj Bides ¢l 93
Cosl g (35 (B Oloj & L 35 pow GRIL by p3U 4
a3 oy oSl alsge ped ded )0 Ysere Lol 29 buls Sl
LA GV E sl Ss  ead ) p slayFse Rl sale;

Engine #1
Fuel Pressure [bar]

Engi
Fual Prossuro (bar)

Engine #3
First injection Phase - Mass Fraction
T T

Engine #4
First Injoction Phase - Mass Fraction

e ]

ENSP (pm

VEP (bar

Engine #1
First Injection - Mass Fraction

Engine #2
First Injection Phase - Mass Fraction

ENSP (rpm)

a5 o3l Chgu J§ & s ol 1 )3 ch g (BSL (g0 puS Y S



BMEP (b

BMEP (bar)

S g jgudaye L yei g0 (hedlim o lod (prend; ke WYL dac gozro
Ol ey s cg g oSiig 5 1404 obi 01 JI w029

Engine #1
Second Injection Phase - Mass Fraction

Engine #3
Second Injection Phase - Mass Fraction

Engine #2

Engine #4.
Second Injection Phase - Mass Fraction

Second Injection Phase - Mass Fraction

BMEP (b

ENSP (rpm:

W) oJ..w.:l; wafc\:wu 5 pgd )15 5 u>9~.: uw..:b Gop)»S\chw

Engine #4 Engine #2

Third Injection Phase - Mass Fraction
p— p— & 1000 1500 00
ENSP (rpm)

b 0dpdly o g S A G pgus 1B 5D CS g JiBL ooy puS 0SS

Third Injection Phase - Mass Fraction

ENSP (rpmi

Engine #3 Engine #1
First Injoction Phase - Start of injection (BTOC fire) First injoction Phase - Start of Injection (BTDC fire)
T T T T T

BMEP (bar)

ENSP (rpm

ENSP (rpm

Engine #2

Engine #4
Fiest Injection Phase - Start of Injection (BTDC fire)

First Injection Phase - Start of Injection (BTDC fire)

|




S g jammigyd 5 gi g0 (Modlirm iulod (pmons )lez Yl acgozo ll”
@

L)

Engine #3

Engine #1

Second Injection Phass - Start of Injection (BTDC firs) fire)
. ¢ 4 J
I
I
=
!
512} =
&
Gt
@
NE
sk
2
L . L L L L e L L
1000 1500 ) ) 2000 500 w0 ) so00 5500 w0 Yoo 1500 ) 2500 o0 800 wn = s000 ) =)
ENSP (rpm) ENSP (1pm)
Engine #4 Engine #2
Second Injection Phase - Start of Injection (BTDC fire) tire)
" - s . : 2 . . & & )
2
s
&
]
o
-
w0
. . \ .
o0 50 ) 50 E o 20 o0 a0 o0 1000 1500 0 2500 200 w500 o0 ) ) sa0 w00
ENSP (rpm) ENSP (rpm)

Vb S yo alaii I LS pgd 8 )3 g Bl 4l Y JSS

Engine #4
Third Injection Phase - Start of Injection (BTDC fire)

3500
ENSP (rpm)

Engine #2
Third Injection Phase - Start of Injection (BTDC fire)

N 5 o alais U pos 56 53 Cdgs LhEL argly AJSS

(S35 o
4l HUS o (g)bpeSl dhao}a)‘i e Cl)ﬁawl =l zeesd
2 sl (dhie G5 Gedgie ggige (63,les AdB a0
oea b cuwd LS e pasine ) bSle sl
P g odd s gige wbly ClS slaggell (Ml
e I (spSain la i fS blB (58l Cap lacl
Iy b Slas (gly odds glyouinl (6)5 03gd5e F 5 ¥ oY Jolis by
Paaad e Gl Y o ¥ O (2l sy iy 4 Ao O)sa
2 dgbse ySasS 1) Jhtue piie po g 03gd5e il & ot
—e 09 sk Hgd e Bl e lajeite (Sly (S
5 Wblos St miie o Moe g by jLid 38 o] ol
Sl Ko 0l )15 iy b b ply dbi e 5 |y ol plgie
55 65 1 M5 S5 G0l ol Cate e Copione i

Sygise p ogMle dagligw (A5 dluy 5 5L g Gloj )90 5
Joyge ¥oas w8 o bl cleedly &S g)bs
b a3 o pbl ¢Sl €8 yi 50 o] sl &S Y game
Gl oM b ol S wad @lal iaghy ol (Sl
Gl jgpae Opgar LOhgw (Sligen 5393 Clgw (b Ll dgn
2950 b b g 990 20k Sligren (e b (glatus .l ond
oMb a4 JleS o8l H5e 5l b (2ly 3 sl dgptie
5" OpmisSSl 452 4y ygige (3,5 S35 (gl g Ol I 0
P YLl godga5me 1D g o 00 (e o]y oy ials

ol g okg Ng) g 039 Jod bl jgliiS 4 ol Bua Mes
D9 sed 033 CVVT Llos bl bl

! Atkinson Cycle
2 Scavenging



S g jomminyd Lo ygige (Madlim iuled (mmeps )l Yl acgoo l“l
- @
Olp) ety o g i oSiig sy 1404 LT01 I 4029 2

\ oyled yige

Y oslad y5e

¥ o)led y5350

¥ oled j390

B o)leds y5550

F o)led y53g0

Vosled y5550

Lol (35 5k Slisren 5395 Clgw (5 dta oo Sligw 08 5L (i loj A S

Sy G LB gy b Jl g e i) 4 Gogise s 5)lbss 9 GDI jgige Sy (ol oy 4 5 o5 Sy
o bl ] oS Canl jaskine zady 4 @ilEey VVT 4

dog gud & Y ol gaelal Gl cle 4 (JolS eS8



S g jgudaye L yei g0 (hedlim o lod (prend; ke WYL dac gozro |l
Ol ey s cg g oSiig 5 1404 obi 01 JI 4029 '

Y anb b Sles gy odd zlsanl ()5 03900 :F o 3 o9ej) OVl olis daodgasme b et b s Ses
Teoy 5 03940 e oo Aber SEl ZAA L JolS Jo eS8 b i
Mla)ﬁ'@ )L.’ Yo b5 CS g )Lfié Lol ol Ls_»L..> 9 ko )L.w lmoyoﬂ iy o U..mlf O d.>/5|
bl o) ) Ve S @ old dgame slaaialy 3 o 1) bayShes g0 olomen
S : YE e iz & 5 o Joolsh (8,5 55 50 b 08 il (K )
— ’ e ol —odg3e yidld Cawd 3 b g b Slas I8 LIS gy slp 5,y
S Y¥e G ya- \Bi oj - s s KT I
)M& l;))') Y)Lé o) g dl).:ww& P9y )° Lmuyo)‘ Aass ol Couwdy dl!b
) - ) Ao M . g . . . s
Jizwo \jb - , )'Lé < N WS oo ol (903l ygabee 03 82 5l y9590 (63,Ses alds JS
Ot = ’ - S 51 eslizul gy (slaosio gly ;> b ySlas (6)l8 o3gdme 2l Sl
Sdasy | YOL-Y “l i 5 9ol hb baylil ekl by culS s b b,
e 9 " 9 . -5l
) “\"") s AL ’\‘*’L’Ls" By a2 J.—\a Cuslss
J (Y Sy | VDL -0 | gl
292 o Vel ) b Slas el o gl sl (o) odgume Y Jgio
ile 5 2oy atd L 03942t e Olgis
[1] Souhaite, P. and Mokhtari, S., 2014. Combustion Holy e x re- b7 g L3
system design of the new PSA Peugeot Citroén EB bl g, ) \BL Caguss
TURBO PURE TECH engine. In Internationaler o) - . Y6 >
Motorenkongress  2014:  Antriebstechnik  im L — Cal
Fahrzeug (pp. 49-72). Wiesbaden: Springer B ) o
Fachmedien Wiesbaden. < Sy | WLV | Y6 obej
[2] Isermann, R. and Sequenz, H., 2016. Model-based LN 5 Jd) _ Y 5 i
development of combustion-engine control and Jaiuns Sl & Ny L
optimal calibration for driving cycles: general Mt Sr - ) o
procedure and application. IFAC-PapersOnLine, _ , oMb b .
49(11), pp.633-640. g | TR TR ol
[3] Cooper, A, Stodart, A, Hancock, D., Duke, S, L 3 A=) . s
Miller, J. and Reader, S., 2019. Development of Two Jitens (Yo S, | YOL-Y- A o lgus
New High Specific Output 3 Cylinder Engines for the ’ 340 (b o

Global Market with Capacities of 1.2 1 and 1.5 1 (No.
2019-01-1193). SAE Technical Paper.

Yoasb o e Klae gl odds 7zl el (g5 639450 ¥ Jgu>
[4] Lumsden, G., OudeNijeweme, D., Fraser, N. and e Erew e EoZ 0% o

Blaxill, H., 2009. Development of a turbocharged oy LV 02gdte e lgie
direct injection downsizing demonstrator engine. Ui i e Y- g L
SAE International Journal of Engines, 2(1), pp.1420- - " )

VG ./¥ \ )Lﬁ Cond
1432. JUETON ‘ :
[5] Burggraf, T., Joswig, M., Pfetsch, M.E., Radons, M. - ¥ L. At £
and Ulbrich, S., 2020. Semi-automatically optimized J YL . A1t ool
calibration of internal combustion engines. _ - " -
Optimization and Engineering, 21(1), pp.73-106. e dus Sy | YV GYY P obj
[6] Aithal, S.M. and Balaprakash, P., 2019, May. 51 J8) V¥ GA- v S
MaLTESE: Large-scale simulation-driven machine J (YU Sye | VF- LA A1t ool
learning for transient driving cycles. In International L
Conference on High Performance Computing (pp. Sdasys | Ve b-Yo oM SR o
186-205). Cham: Springer International Publishing. Ja%ie 93 | g )
[7] AVL List GmbH. (2019). CAMEO - Advanced ) e o
calibration tool for efficient engine development. (Yo Sye | YLV | ebse
AVL Technical White Paper. Retrieved from 29 o

https://www.avl.com



https://www.avl.com/

