ORGHOV HYHU\ZKHUH
+RZ D IXO0\ LOWHEDYMWG G PRC
WHVW HQYLURQPHQW FDQ H
SURJUHVYV LQ WKH IXWXUF

0 %HQ *DLG $ $OEUHFKW

5 /HEDV
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&ROWULEXWLRQV

)3 (QHUJQRXYBBWHUN GXIEDLE XEBYF
LOQRYDWLRQ DQG LQGXVWULDO W
PLVVLRQ LV WR GHYHORS HIILFL
HFRQRPLF FOHDQ DQG VXVWDLQ
WUDQVSRUW DQG HQYLURQPHQW

' 7 3BRZHUWUDL@HIQULQHHWLD J, )13V (C
QR XY HOXXOEH B KB VL GR B 1$\RHBIF RQPUNEIK
GHYHORSPHQW IURP WHVW EHG
HQJLQHHULQJ VHUYLFHV
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$IJHQGD

$ ORRN RQ W K HEDNVMGOIDYYH RO HQL Q J

7KH VLP X8 0D WLRROH CRR N ERQFAND W

7 K HH [(D[DFFI IR SR ZHHWW/WIDL Q@ WY IDUW JHHWY
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$IJHQGD

$ ORRN RQ W K HEDNVRMGOIDYYH R® HQL Q J

7KH VLP X80 WLERROH GG ERQFRAND W

7 K HH [HD[DFI IR SRZHHW\WWIDL Q@ WY IDUW JHHWY
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6LPXODBDLMHGIJLOQHHULQJ
$ VWURQJ SRWHQWLDO

WR DGGUHVYV WKHHEXWUHIFLINR/G! K XIKF0DE B K DDO &
ZLGH UDQJH RI WHFKQLFDO GRHADIL QWY XLHERFKBDRWH P\ \
KLJK YHUVBRZIODUWREBK® ERBDYMWKN\EQY GK\EGGGWDRGI

DOQ@H UHTXLUHPHQW RI WKH G H Y U4 QCSRIEH-FBND B
DUFKLWHFWXUH HQHUJ\ PDQDJHPHQW

WR VXSSRUW WKH FRVW WLPH UHGXFWLRQ HJS
KLJK IOH[LELOLW\ WR Y LUWWSWLEQAVEIRWN VR B W WD

HIILFLHQW FRPSOHPHQW WR W KH PMQWWID @ HKE § KWRQI
DGGHG YDOXH WHVWYV

UHOHYDQW ZD\ WR SRVWSRQH D GG RJUHEX AH) WKKHH K |
SRZHUWHI HQ B S HOQW SPUHRPM \SW RFH V V
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System

Components

6LPXODBDMHRILQHHULQJ

Specifications Product Product

Morgi\n{tial work FI RST TIME II ///- o _/_/7
fo et tpyhe RIGHT DESIGN

Earlier and faster ,

integrationand 2 4
idati ’

validation ,

Development time
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6LPXODBDMHRILQHHULQJ
EXW VWLOOD ORW RI REVWDFOH

FXOWXUDO LVVXHV

WR EH D SURILWDEOH LQYHVW RKQW O WHIGX IO RIAKIRIQ -
GHYHORSPHQW SURFHVV I1URP WWK H RIQRBEIW/IHE (DG

FROODERUDWLYH SODWIRUPVYILPRGBW L@ KD QUR V|
VLPXODWLRQ DV D UHIHUHQFH GNHDY/EHM\RLSHE-BFW KKSH
BB \S U D WY 1L - H W

WHFKQLFDO LVVXHYV

WKH PRGHOV DUH QRW SHUIHFWOMHIGE U MR EBLHR VLN 6
JRRG ZD\

WKH PRGHOV DUH EXLOW LQ KHWBUGQJ HDR REQH WRH
GRPDLQV DQG JRDOV

WKH VLPXODWLRQ HQYLURQPHQMMW DXAWHH PRGHOLQJ
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$IJHQGD

$ ORRN RQ W K HEDNVMGOIDYYH RO HQL Q J

7KH VLP X8 0D WLRROH CRR N ERQFAND W

7 K HH [HD[DFI IR SRZHHW\WWIDL Q@ WY IDUW JHHWY
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6LPXODWLRQ HQYLURQPHQW

/R |IDFHRYYH® RRYKMHRBRAVADLWILLR/DLVR QX

VLPXODBDWLYR Q RHEPYELEERNEHRED DAY\
DOORZV

DQ HIILKEHWOW RSHR G B RDWRIRBREIMN IDR\DL R Q
K L JKHSH B URPLDROFGHAVHHV LWARXRIXDDIQRICR B [H F X W

D X VIHUW HQIGRAHAQ VFHHJ I D F H

D (H Bl AAVERAREPLE). DVIWVAR R DDBSW 3/ YRDDWE D Q
R H WLKHRSG I: ' PD\ WK 6WXWWJIDUW



6LPXODWLRQ HOQYLURQPHQW
7KH H[DPSOH RI [02' 0253+ (( VXLWI

Component test bed System test bed
Software-in-the-Loop ECU Hardware-in-the-Loop Virtual system environment / Real Virtual system environment / Real
100% virtual Virtual plant / Real ECU+actuators component subsystem
not real time execution real time execution real time execution real time execution
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6LPXODWLRQ HOYLURQPHQW

/KH [02' SODWIRRIPY LHZ

P X ORRIG HQ@W. DI BHYWIDRRIGFRQYQW R Q P H Q W
V W DOQGER RSEMRINY | HPEIN® DIWSRODEV | R U P
F X V WYRLRJ WK GU@DA0H WMQDERHU | D F H

-
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6LPXODWLRQ HOYLURQPHQW
/KH [02' SODWIROMWMWL PRGHO LOQWHJUDWLR

MoDELICA

XxMOQOD tagret I

A.xmodel § B.xmodel § C.xmodel | D.xmodel § E.xmodel § F.xmodel G.fmu
A.dll B.dll C.dll D.dll =l F.dll
XMOD platform
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6LPXODWLRQ HOYLURQPHQW
/KH [02" SODWIWD®RG DORQHRSWLPL]JHG H

control + electric devices thermal engine vehicle

Air Path
Clmblstion
7& 12 34
% % 2
I:l |:| Euler
100 s
Runge Kutta
100 113 11 2
3 Euler
4 25x faster than standard

co-simulation on a 6-core PC
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6LPXODWLRQ HOYLURQPHQW
/KH [02" SODWMXRMMPRP YLUWXDO WHVWLQJ

Energy management

Component sizing

After-treatment

Reference
simulator

Combustion

Air path
Control design
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6LPXODWLRQ HQYLURQPHQW
[02' WR 0253+ ((

Hybrid Hardware-in-the-Loop
dynamic test bench
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6LPXODWLRQ HQYLURQPHQW

&RPELQLQJ WKH UHOHYDQW FKIDRI® FW H I
HQYLURQPHQW EHFRPHV D SRZHUIXO V>
ZLWK H[SHULPHQWDO |BRZAHIMWLHD/LY R C

7KHORO20253+(( VXLWH LV DQ H[DPSOH
D NLQG RIRURGPWHG VROXWLRQW
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$IJHQGD

$ ORRN RQ W K HEDNVMGOIDYYH RO HQL Q J

7KH VLP X80 WLERROH GG ERQFRAND W

7/ KH (D[S IR SRZHHWWWDL Q@ WYIDDWJIJHHW
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uXUR SRZHUWUDLQ WDUJI
OXOWLSOH ZD\VWR UHDFK iIXUR

€uro 5

thermal engine €uro 6 |
powertrain
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uXUR SRZHUWUDLQ WDUJHW
OXOWLSOH ZD\V WR UHDFK GXUR

uro 6

Db

€uro 5
thermal engine

€Uuro 6
powertrain

hybridisation
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uXUrR SRZHUWUDLQ WDUJHW
%DVHG RQ DGYDQFHG PRGHOLQJDSSURDF

NOX [mg]

| |
i i
250 300 350 400 450 500

Model

Soot [mg]
Cylinder pressure [bar]

| |
| |
i i
250 300 350 400 45
Crankshaft angle [CA] Crankshaft angle [CA]

<]
a
=3
S

R. Lebas, G. Mauviot, F. Le Berr and A. Albrecht, A Phenomenological
12 gas pheno. Approach to Model Diesel Engine Combustion and In-Cylinder Pollutant
combustion model Emissions Adapted to Control Strategy, IFAC Paper, ECOSM'09, 2009
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uXUR SRZMWDWUBWQ
JURBXUR WKHUPDO HQJLQH ZLWK '2& '3)

150

T T T T T T T
vehicle speed ~ =
s | o
100 SU— N Down
g A
5 mm— —
o g/~ WNE -]
. gnn R:’\n qum q'lzn 1n|nn 1 nIRn 1 1Inn 1 1I‘f.n ;
Software-in-the-Loop 8 . . . . . . .

— Chassis dynamometer
60l —— SiL before DOC+DPF X

— SiL after DOC+DPF

NOXx [g/h]
N
(=]

gOO : I50 ‘, — 950 1000 1050 1100 11I50
Time [s]
15 T T T T T T T
—SiL before DOC+DPF Instantaneous soots are
= — SiL after DOC+DPF
2 10 -
g
£
£ Soot
8 o b
a
Chassis dynamometer MJ\
ln‘l 1 L /\’v 1 1
800 850 900 950 1000 1050 1100 1150

N
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uXUR SRZMWDWUBWQ
JURBXUR WKHUPDO HQJLQH ZLWK '2& '3)

Confiquration Platform NOXx Soot before DPF | Soot after DPF
g [mg/km] [mg/km] [mg/km]
SiL xMOD 173.9 28.8
Chassis Morphée 2 175.9 27.2
dyno.

7 K 16 GALLVVA § 1S H W M R RYNDROKERIBHEEMRD DD QX W
HPLVVRRQV(RRQFAF@H \FOH

&RPEL QG H H LPHDLVP W Q DIME CRRYANN\DL B
W BAFEX FE. i LYMHDARY WIDKAR W @ MYREQD @/ KK H
P R U Q DQ 3 DROREK DRV (ki BL @ IR NB/EUADQ0

W KHVWDHWBBARRQ
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UXUR SRZMDWUBWOQ
8SJUDGLQJ U HQJLOHWR U FRQILIJXUDWL

€uro 5 engine €uro 6 configuration
Engine capacity 2.2 L 1.6 L
Injection strategy pilot + main pilot + main or split injections
EGR Loop High Pressure » Low Pressure
Compression ratio 15.3 15.9
EGR levels up to 50% up to 65%
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uXUR SRZHUWUDLQ WDUJHW
(YDOXDWLQJ WKH iXUR WKHUPDOVMQJLQ

T vehicle speed

Vveh (kmh)

2

| | | | | | | |
1900 220 240 260 280 300 320 340 360 380 400

. time (s)
Software-in-the-Loop % . . T . .

201 NOX Isimulalltion isl not filtlered |

as measurements

NOX (g/h)

900 220 240 260 280 200 220 240 260 R0 400

co2 (gh)
(2]
o
o
o

4000
Conventional HiL 2000
dynamic engine i
900 220 240 260 280 300 320 340 360 380 400
be nc h time (s)
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UuxXuUR

SRZ

| UWUDLQ WDUJI

(YDOXDWLQJ WKH UXUR

)3 " 7 (QJLQH ([SR

Configuration Platform NOX co2 Fuel cons.
g (mg/km] | [g/km] [L/100km]
SiL xMOD 108 118.0 4.42
&CGRQYHQWILRQDO
+£ 106G QPR BVorphée 2 | 109 116.4 4.35
H Q J LEXHQEFIKQ F K

RK: the results in the paper are different because the engine map is not the same

W

WKHUPDOVAMQJLQ

- L WK 8 FRAP EE XKW/ VW LLEFR Q5 AR NV DK\ VWRR E
UHSUH YV HRMEHK/S N-H 5P B RMWIZHO/ X (

' LW K REXKM2 [ FrIDRY D @R RZFNKRAU DD L Q

K\E UL G L | &\ [FF QUUBHEDEVIRAME K H
PJ NR2A[MWDQGDUG

i PD\ WK B6WXWWJIDUW



UuxXuUR SRZHUWUDLQ WDUJHW

SRZHUWUDLQ K\EULGL]DWLRQ ZLWK VLPXO
1 N I = !

Software-in-the-Loop conventional rr;ig&@@ﬂd HEV lrljlljlgEl\é

30 | | | — SiL conventional
— SiL micro-hybrid (stop & start)
| NOx on NEDC Cycle —— SiL full hybrid (HEV) |
— SiL full hybrid (PHEV)
20 —
=
>
< 151 —
©)
=
10H —
: L _
0 | | | —
0 200 400 600 800 1000 1200

Time [s]
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UuxXuUR SRZHUWUDLQ WDUJHW

Software-in-the-Loop conventional  micro-hybrid HEV / PHEV
stopé&start plug-in
30 T T T T T
251 SOOt on I\ll E DC CyC e — SiL conventional -
— SiL micro-hybrid (stop & start)
20k —— SiL full hybrid (HEV) _
— SiL full hybrid (PHEV)
15 -
10 ‘ -
5 - J —
ol - lo A |’|‘t . JUE - va | ” i
0 200 400 600 800 1000 1200

Time [3]
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UuxXuUR SRZHUWUDLQ WDUJHW

Software-in-the-Loop conventional  micro-hybrid HEV / PHEV
stopé&start plug-in
: NOx Soot Fuel consumption
Architecture Platform (mg/km] (mg/km] [L/100km]
Conventional XMOD 108 14.5 4.4
Micro-hybrid XMOD 100 12.7 4.2

Hybrid (HEV)

Hybrid (PHEV) XxMOD 35.8 8.1 2.3
Rk: the DSOC is not zero on these simulations
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UuxXuUR

SRZHUWUDLQ WDUJI

W

SRZHUWUDLQ K\EULGL]DWLRQ ZLWKKK\EUL

Two energy management strategies are investigated:
- CO,-oriented strategy (Hybrid 1)
- NOx-oriented strategy (Hybrid 2)

The control optimization is based on a SiL campaign with

more than 100 NEDC simulations (DSOC = 0)

Architecture Platform [mzfl)()l;] [mg;Em] I[:LUI?LIOC(;)?!rlr?].
Conventional Morphée 2 108 120 4.4
Micro-hybrid Morphée 2 100 111 4.2
Hybrid 1 (HEV) | Morphée 2 82 20 3.4
Hybrid 2 (HEV) | Morphée 2 67 27 3.5
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uXUrR SRZHUWUDLQ WDUJHW
3RZHUWUDLQ K\EULGL]DWLRQ ZLWKK\EUL

10 T T T T T T T T T T
—_ — Hybrid 1
S 8- [—Hybrid2 Fuel -
¥
€ 6 .
3
g 2 .
[T
0 | | | | | | | | | | |
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Time[s]
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60 [——Hybrid1 _
— Hybrid 2 N O X
50 -
3 401 -
3 30| _
pd
20 —
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100 200 300 400 500 600 700 800 900 1000 1100 1200

Time[s]
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&RQFOXVLRQ

6 L P X O DEDIYRETS DS SDIRD W V \BE R/ G RWRH D @ |

EEHX 0@ W B WHDW BSRHZGEUREKHENWLDO RIS H QP
S U R F H X WRERNEREW DVFDOVRONE ORI WKLV L Q J

7R VXS S\RADVG TWERIMFRANDKE B\S W §\6 HEBDIG FH H O
PRGEQVHEBEQ WIQUR Q R QBN DWW V MM/ W R
RY H U F R/K HBAHOBWHEVN H V

7KHORI 20 R USHK « WXILNENGHIHYP SRS I YRRBCKD
N L QRGS B D D/WRHRLBFEKZTHR B BHZIP\D YR\ MANDEED (D Q
U H D O BYFH\OW &/ B VRS RASAZ 16 @ @HJUDW QB L Q
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See us on booth 1820 : Testing Expo

For any further information: philippe.lacassagne@d2t.fr

Thanks for you attention
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