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What we develop moves you

TSRS TRE S FOK A,
EEIAVED TSR R R E.

>8200F£EkRT 25xRLEPEl Fitm:/ LS

‘_‘73. i ‘ h . N = 3| hsmdmiderop , LRSI ?E% ~, = E 0 FETHAS
L TERSE g R TRRIPRRISE BT SOl EER, ERIIBTHER
= FERITE
e =NA > LO{CERTTEEE A
RHHTE e e BAEERSSE TR ATNS, BTSSR
AR | 3 e L
raahfean | ML LBEEY | S >35FE{TIMRISTAR
N YA EXETFHRTIASERON, STRERKAISRBANTRATZ—
RARIEE :
o Y] = )
= o >A5 i & 28
S o L FE ARUTHAZRSIRAIIEE, MCHEENCEIR M, BEIERER, 1
, g, nEtAR, mEmRURE, ToE R TEIRE, SR RaSE
JuR-{:3 - o+ 8 RSB QRN TREAT)

3 IAV 10/2020 TS-17 L1Q Status: CONFIDENTIAL - NO PASSING ON TO THIRD PARTIES



BEIAVERENT a1,

B Qing Li
wREEH
IAVEEESERFRH E£E TR hEXIR GRS A

Jochen Schaffner

L9582 RED
IAV B S AR S EL T SRR

jochen.schaeffner @iav.de

E=E TFEMT/MBA

AP0 205
EIHFREAERRYNIE M FETLRE
FRERBA, BRGFAZEXRER I
EEHEEM

#78BBE Mingming Yang
IAVHRERREHIZREA

mingming.yan iav.de
AR

HTE DM RSNt
HEZEAEFRAE B RESAL,
H=E5ERIE, REEHEN, HRER
AN IS EE R,

IMB&M: thhRERFTHEATURL,
ERBERE, a8, BERk

ik, REEESF

BIFAZAR, AT KSFmt

BR{E126R\ NRIE8 e
BESHMNEANBECHRFEMMA, CE R R EE =itb
IMBELH: KatirE, 28, S/ASHIS BB/ RHES =h
B, BB FEeE(HEEIISE

IAV 10/2020 TS-17 L1Q Status: CONFIDENTIAL - NO PASSING ON TO THIRD PARTIES




Contents B%

IAV 10/2020 TS-17 L1Q Status: CONFIDENTIAL - NO PASSING ON TO THIRD PARTIES

Greeting speech from Chairman of the |IAV Board

EEAVESFKHFHREXRER

Introduction
EEAVIEE AR

Motivation of the coordination Engine + EAT

BifEImMERN

Key components and IAV technical application

HAXBIEIRKXEETTHHIAVIERIZAR 1A

Future Diesel powertrain concepts for Engine + EAT

AR BN SRS R ETG

MBD virtual Platform for Emission Reliability prediction

HEAISEMETRIN, MBDERMAEFES

High accurate EAT component and Sensor modelling

SEEEATIHHAEREEN A

Ultra fast Al/Machine Learning EAT + Sensor model
BEIEANNEF ISR EAT +Sensor

Summary/Outlook BEE5kELE



Motivation of the coordination Engine + EAT

RfRim M ESH

CO2

= 51/200km in 2020 f(mass)

Savings based on

50%

[ |
avomerse | cl

— N[@% 40-60% l Legislation (@25 km e-
o PM 60% | range)
= 11 [
% PN 23 nm - 10 nm, # < 6*10 Real CO, Savings 25-30% E\I/i%tircl::eal
= Secondary
LIEJ Emissions NZO, NH3, CHZO f (NOZ, CH4) 10-25% Plug-ln BEV
RDE 16-> 8-> 3 km Hybrid || HV-System
Test Procedure Cf=2151731.0 5—10% Full Hybrid =) >> 100V
i i >> 48V >> 100V
4 / Pre RDE Mild Hybrid —
High Micro 48V
Hybrid
v
A 0
(mg/km) RDE

benelt China6
. ol
-

. . High Voltage (HV) System

System Cost/Degree of electrification

Low

IChin 97*
High

Low

Average vehicle speediload * only as prediction of China 7
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Key components and IAV technical appllcatlon wre [ €1

*E?EBUJ: R BT NIAVIRZR AN

Operating temperature window of IAV j:i*F ﬂnﬂIJi.i E m:

deferent EAT technologies 2030 ---7 \ - Emission manager + Denso
- PCC + Daimler S2 Trucks

- EAT modelling + OEMs

- EAT Layouts + OEMs

- WT + Schaeffler

SDPF

DeNOx performance

""""""""" Dedicated Hybrid (Parallel ittt
~

/Seriell)

AD

A=1,TWC”

EAT with ’ '

Turbine ) CO, reduction

Bypass Electrically Engine technique
NOXx reduction  Chinasb A Catalve or Hybrid

Combustion EAT Lowiﬁ’é:'rﬁperature NO,

Storage LNT (NSC) , PNA
* China 7 only as 2023 ---f--------=---------------------.

prediction

Alternative Fuel*

Variabl M
arapie Getwarm

Chinaba

Valve Train
"’ . VW) Injection Rate shaping St
TwinSCR with Twin AdBlue Dosing LP-EGR Plenum Integrated CAC Advanced Control ay warm
2020 ---- — - -
Pollutant Emissions Engine out: NOy+ CO,

> FTHBEAFFEZET T G SUFRMEDINIRFEREEEFICO2; BinikRURERLETHARESH—SIREHEIE




MBD virtual Platform for Emission Reliability prediction wre [ €1
HER AT S 14T, MBDEIMAEEYS
BRERHERASTEEFANS: TTRERN > BN > X HEiR

RDE Simulator

Real Virtual LT{W;’
Catalysts+ Sensorg - toCOrneutral E
- Mobityin2050 &S

(after treatment)
GT Gamma (MATLAB )
Technologies | =

3

-

RDE-Emissions-Driving Simulator

\ 7
t}/CS Interface
iesel hybrid

(software)

[ axisuite

Exothermia
modeling efficiency

subsystem

total system

> BRI ERETHIRSEANSEMAHRR, BgiFsREYmrk
> {ECECAIMRIEE I LUEAELORIEIGER, MARBEREEERLIHTERE TNt
> RETNEHELITERETHTERMEE, FRDEEFEHHE IS
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MBD virtual Platform for Emission Reliability prediction wre [ €1
HER AT S 14T, MBDEIMAEEYS

Submodel set-up and validation Model Integration CAE studies

Engine

Ao velodyn.......

MATLAB

yersion aBusinfo

B~ A ay ' ] VY RS
Virtual Calibration Desk (VCD) - XCPConnectionto =
~=— Calibration Tools (e.g. =

' *é y INCA, CANape) >
s — SiFEIREE
Battery test bench == [e====—====x|

> 2EAHB I EENEFEERIEIIRIAL. FIRBHEY - IRIRERR - CAETRE - EEtRELR - EYMTERESTH

> BIRIERHE RSSO B Y RIG IR A TR Vel odyn+axisuite, IR SR EE AT SR {EMAS LR E
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Future Diesel powertrain concepts for Engine + EAT e IaU

12V or 48V conceptszs "*b*HWM%z)JJ:'HF,U\Z‘E ANl ol °C e dAdsluez
* only as prediction of China 7 HP-E Mixer 1 Mixer

CO,
Potential

LD Application Concept — mi EAT — uf AdBlue dosing Alternative

Basis China 6b DOC SDPF SCR TwinDosing HP / LP-EGR EEEENE
China 7* Approach a/b 12V LNT or A=1, TWC” SCR/ SDPF SCR TwinDosing iEGR /HP /LP-EGR 48V oriEGR HHEEH
China 7 Approach 48V Mild Hybrid PNA+EHC SCR / SDPF SCR TwinDosing HP / LP-EGR - (1111
China 7 Approach Dedicated Hybrid eDOC SCR / SDPF SCR TwinDosing LP-EGR - ENEEN

SEVL: getwarm Cyl.&EAT

@@ SEVL+late IVC: stay warm EAT 9 D
SEVL #late IVC 2200 bar

5> 1VRAEEIEEIAREH
9 m = HBIFTRIR (BEE,
o] AT THESERE)

2200 bar

48V§?3§173’@2%W RE
, BBeNE :*zFEJJHIEJESl

483X EBHiREXIERRN IR
EEEHE (BE/HIAEE
/ARENRIFEFRTF) RIFRIRE,
FiERFHRSERBES

> FEEICO,NO,, REWA
ML REERRENS
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MBD virtual Platform for Emission Reliability prediction - wre [ €1
HER AT S 14T, MBDEIMAEEYG: P1+P4 TRIERN'RDE 3 km"7=~fl

NO, Step Ill (20 mg/km, RDE 3 km) 48V eDOC-SCRF-SCR Twin 48V P1/P4 Mild Hybrid eDOC-SCRF-SCR
450

low low
> c P =100 kW c
T z pz4
£ 300 £
ﬂé T,=350°C %
NOy in g/kWh IS} S Efficiency
COz in g/kWh ,GEJ 150 ,8 in %
(o)) y N (=]
i 3 W e i
3 A
high 00 2000 2500 0 1000 2000 3000 4000 5000 high
/K Engine speed in rpm Motor speed in rpm
48V == low 450 200 low
eDOC I
% P =100 kW ;100 §
AdBlue c r £
Mixer % T,=350°C I %
NO, in g/kWh 3 0 3 Efficiency
- CO, in g/kWh 2 i 2 in %
= 100 £
SDPF : L T,=200°C I ]
i P =10 1 kw 7 t
] [ . 0 " - 200 .
: high 1000 1500 2000 2500 0 1000 2000 3000 4000 5000 high
AdBlue : Engine speed in rpm Motor speed in rpm
Mixer
SCR

- WEBHRHHEEETREBE (Fix, REX, EE) , ARMIWWERISERETE, X
ASC Y WEFHEEFEFREE, TURERSIRERLET(EREXE
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MBD virtual Platform for Emission Reliability prediction

HER T 2t FNl, MBDIEIRMBES

Combined MHEV P1+ P4 Parallel EM Operation

0 I Vehicle speed in km/h

Distance im km

Mean SDPF temperature in °C

Tailpipe NOy in mg/km

—— CO,,corr in g/lkm

Timeins

' 600
: CO,=154g/km / 5.8/100km >
NOX tailpipe=97ma/km @ 3km covered distance| 400
¥__. ~200
s E—— e I

NOX_engine out = 680mg/kmNOXx_tailpipe = 55mg/km [\A

DeNOx=85%
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Combined MHEV P1+ P4 Serial/Parallel EM Operation

I Vehicle speed in km/h

Distance im km

40

Battery SOC in %

——— EHC power in kW

Mean SDPF temperature in °C

300

200
100

CO,,corr in glkm

600

CO,=153g/km / 5.8/100km

400
200

‘ \ ‘ \
0 400 800

Timeins

NOx_engine out = 168mg/km NOX _tailpipe = 19mg/km /

DeNOx=95%



MBD virtual Platform for Emission Rehgblllt prediction suemotve IaU
HER T S2M4EFN, MBDIEIMBEES: E%F‘ v FRHERSE G _EBR DT

Engine model GT-SUITE HDESREIEMNF: FTPIEFFREENERSRHEFRCO,FINO,

ITI'I

Baseline NO, tail-pipe 0.2 g/bhp.hr

Combustion '- : ‘— i e 2. NO, tail-pipe 0.1 g/bhp.hr alternative scenario:
. . i i - = i 0

Emissions | S S [ S Matlab/Simulink 1.2% fuel penalty

Test cycles — 3. NO, tail-pipe 0.02 g/bhp.hr (Ultra Low NO,):
Control functions \ =N 3.% fuel penalty

0.14 - E Fuel penalty % = TP NOx
< 25 40 03
2 0.12 o
5 S, 3.0 =
S 010 . > 30 02 E
aly SCR+TM = = _
. . E .08 A SCR g 0.2 55
EAT simulation outputs 5 006 T, / 2 20 Z £
EAT model < o 01 17 2g
2XSCR+TM AN O : @
O .02 PO . & 0.02 e
) 0.0
0.00 0.0 0.0
0.0 0.2 0.4 0.6 1 2 3
AdBlue TP NOX, cold FTP, g/bhp-h

BENOXHEBATEFDURIIEATH S, EBIENOXEHEC.029/bhp.hr B SR

- EAT system layout - EAT Ggeometry {Hma:ﬁﬁﬁ TIETE BERSTAIGEA, BESFHAS, ESH—3ii
» Catalysttechnologies F&tﬁﬁﬂ%, ‘li%ﬁ.ﬂiﬁl:T:?J
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MBD virtual Platform for Emission Reliability prediction

HERRI FEIETITN

Concept Development Phase

I > |

MBDTEIMBENG

Series Development Phase

26 FrREl

USSRl
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engineering

Idea F::‘;?:;al Technology Demonstration Serie:g:::;ction SOP E ) -
/@f—‘% Feasibility T Robustness J ngine Physical
s | 5 e 5 y
4 O = PY
.Requal;ZTZ:‘s‘ systen%qmrement Sys%;g. g g (S )mOdeI
y test ’ refinement test. g— - ) Emp|nca| model
Concept Itntetgration’/,” \ Final series 1ntetgrat|on (=] Engine ®
4 design « . . design e Q Ma S .
\ - Module Production  jodule 4 p Todal >
"\ Detailed test ’ *._planning  test 4 odel type
design ‘ /
° ° Py ———
Concept implementation Series implementation | ‘ \I
| . 1
A A
® BRLEL FRigitoth b) none > stimuli data 1| Generic I
i or 1
Physical approach I
x = . . . . 1
® Eﬂ*ﬂgﬂﬁﬂﬁguﬁ*ﬁ - generic or specific 1iAccurate Physico-chemical modelsi|
1 i I
I I
VA 1 I
() AEﬁ*ﬁ ”— none - stimuli data | 1
(BLBIEREEMITER) e : :
OfflineHk l_\i—E I' semi empirical approach : Accurate Physico-chemical models 1
WI ] — | 1
() _ I air _pat_h I I or I
+ | — emissioncore I I
(&ﬂ]*ﬂa FLE) | — fluid system : 1 Al/MLUltrafast models :
® RDE IS s . hybrid models ! \ !

> TR AN R SR R, RSt E SR RS S ER:
IAVEERISY 74X EBATTHURHIOIIS A=, HINESIR, HRaD, ISR AAGE

> REFISIEMLERHRESD,
> BEUEBEENSHgeneric BEAREERIERRL, accurate SIEEMIMUAER, RESEAGMLINZES SR
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High accurate EAT comp oD_ent and Sensor modelling . suemore IaU
*EF“ EATTI:#F%EUE SreEREEA - |Av1ﬁé&%ﬁ1)c F TFESLISZ=PCL

IAV Highly modern Physical Chemical Laboratory (PCL) :
* 4 fully automated test benches, 5 w/ manual intervention, I1SO certified

* Gas analytics: 5xFTIR, 5xFID, 3xNDIR , 1xPMA
CI-MS / CIEI-MS for each test line, infrared heating oven: 8 s to 650°C

» Soot trolley: loading real soot from engine gas of filter
* Highly automatic: Close-loop online control (T°C, time, eff.%, Storage)

High precise Testing:

« EAT function benchmarking tests (catalyst & Filters)
with infrared « Stationary and transient measurements and driving cycles “
UCEVUCRITIEEN < Back pressure, Sensor measurements 2 ‘

1 Aging and poisoning investigations, Chemical Analysis

e AR EATSEEATNGHEIRE. IAVIIRMEFSCIN=AUR -
(HECICERE AL SRIN RS RE RS R IEN R, B i coimererne

A thJg e it /IR RO FF A RIS BRI B S A R . T
IAV PCL: Testing + Modelling

0, fraction cathode

nght Mlcroscopy

Sensormea.upto 8 NO, /wide band / NHz / switch type sensors HD EAT Aging (max. 1100°C) EAT Poisoning Analyse
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High accurate EAT component and Sensor modelling wre [ €1

|—.|7|‘$F_ EATTOIH A EREERA: IAVSBMW HEEFFARISCRE N FfEHl

Examplefor SCR application: Validation Resultsin axisuite AdBlue

DOC SCR SDPF ASC
Source: IAV GmbH & BMW Group, MinNOx Conference 2016 Presentation, EGE / HH
“Model Based SCR Application” ):1 EEE
@ Mixer HH
= =3 HP-EGR
5 A | £
[ — ~— Input —e— Exp. —— Sim. ‘ Y iISUi
Low/high load, ©
cold/warm start, ;E.. i
> 75 cycles & | 92
= $
) g -
E- E‘ —— NH; Sensor Downstream —— Sim. |
- = SCR model
(4] ]
- éﬁ = .
g 2 goff 22
s Sl e 23
2 B B
z g _:E 53¢

Time Time Time

IREEK: bk L

EFi8id>1000 kmBIRT BSEIREEAMELIG=NENT  (KIE FRISCRIREL, NH; iR (HFELEHR {RBHhEEE 75MER TRERHE
DOC, SCR, SDPF, ASCEE{= ; WINO, , NH; i#H{T=% #l, B—BIHINRESZLEM, SMEFBE = T°C NO, BRESM, NH;FSE

Bl SRR SR AR TRRERIEER ARARE), SOPFESMERARERE ERBARERINAL-2 ppm
> SHRERNEATRFHREEESI TRTBERENSHIN, (FAMSFIERElERRAERIEREGIE, RtRiRRRIITRIES
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High accurate EAT component and Sensor modelling

;|;$}“‘ EATTCIH BRI JE5285 E{FE Back pressure modelling

BEGRENYIEREE %ﬁﬁ#f‘ ARRETHEEEL SimvsExp. ARAFE, BE, REETHSESER

600 —1~
through wall losses Filter=2L, CPSI=300
O 7 G L. > — — 20°C Sim wo. coating ’ Washcoat=75g/l
it s @  20°C Exp wo. coating 7 Ash loading 259
4 1L || , S 50 ¢ /17! 500 ——APS0°C ]
"/ ¥/ /porous wall VA - I — AP 250°C .
_\\g, 7 ] /(é Ergun coefficient / ' AP 400°C .
> — {Kﬂzg() (Forchheimer I/ / ,‘ —— AP 800°C R
S U R S \ ’ .
contraction losses fri\cti,on losses expansion losses 'g‘ 40 — inertial term) / // /7 'g‘ 400 — AP 22°C Washcoat 0g/l (No Ash) e
Figure 1 A schematic of pressure loss contributions for a 'g 1 ’ / 'g — — AP 800°C Washcoat 0g/I .
plugged filter: cross-section of half of the inlet and half of the o / / o |l AP 800°C Washcoat 150g/I /
outlet channel. Source: 2019, SAE International Journal 5 / / 5 ~ - 7
of Engines, vol. 12, no. 4, 03-12-04-0030, @ 307 Channel ly, @ 300 ;
e contraction/ - R S =
Diffuser resistance Ch | resist B4 /I X ET
annel resistance 8 ex p ans | on / 8 *ur
\ / 0 20— m 200 — ET
\ v ’ /./ /
2 \
/ st 3y
// /
10 — / o - 100 —
— % .
. » A —
Sudden contraction resi§tance Suchen expansion resistance 0 SU bStrate Pe rme ab | | |ty 0 © — —"-‘— - T— ‘ ‘
R L L ‘ ‘
Figure 10: Equivalent hydraulic circuit used for the solution of the flow field in the multi channel problem 0 200 400 600 800 1000 0 200 400 600 800 1000

> BIRRUETRAEENER, SEEERIMIEEE, |
> BEZERNIE TiREMEREERS - REEE -

Source: axisuite, solver axitrap manual

Mass Flow Rate [kg/h]

FE'%E- AEEE- KRS EE, IRUSRISEESH S5

Mass Flow Rate [kg/h]

BERERE, BRNEESE, TS RRRGREAMEESEEXSE
DRzt SEIIE
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High accurate EAT component and Sensor modelling wre [ €1

**F‘ EATTUHMAEEERG: FIRIESHERT
axisuite FRBKFCISEL O ST FRINEL CRTeffect RAIBERE  ASHMBMKSFIRE, SRsEELTk

[ © mmle iommma ve— o mmm 1om—
£ Soot ’
z Filtration ] T1] | =
5 . —S
&2 | O x
£ - I 2o e
S 40 -HaMo | s 3
£ it g B W AR R s =
E 20 Wall filiration _ Transition Cake filtration Temperature T1L > T2 > T3 g @
o —, — . . .
0 —_Lh=a|_mamm$mL_ ,- SN = Mass flow
0 1 2 3 . ! o Filtration eff. exp g Temp in
Mechanism 1 Soot loading [gh] _(.;5 — 1 — IZI::I:;:n eff. sim o 'E' $emp O_ut exp
Transition from wall filtration to cake filtration o " — . — APsim T2 g — T emesm
filtration with the 2 cake formation mechanisms — | ©
o o = —— Y e~
Layer ash detachment Plug ash formation < r-g_-—- L ’ e Filtration eff. exp
i J’ f’ . = e« Filtration eff. sim
T f 2l Soot /Ash
— irb = > | [y = .
O b | u
: T3 5 -
I
e} ' o
Plug ash redeposition [
| =
Initial state. ' RN T o
No aggl ! . - F:)'(%‘% @ ‘m < AP exp
00300 @ dOO @ > — — i
% b. OD 0.0 [ bg}bgl o: ‘._;, / o Moen Thermal regeneration: C+%20, — CO +CO; " AP sim
0707, 00 "8 e o T C-NO, regeneration: ~ C+xNO, —» y €O, +2CO +xNO

- Simulationof soot loading, back pressure, filtration, soot regeneration under various conditions

- 1AV high accurate filter model shows great agreement with experimentresults 133 IRk BETIE s (A E B
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High accurate EAT component and Sensor modelling wre [ €1

*Er EAT TR R FURIEEL Ash modell

HEMR (4RREChannel 35316 IAV Rapid ash loading BRiEFIe axisuite REFIEIESBINIEL

C1@160kkm
Literature

={=|oading increased (DT)
=== 0ading increased (LM)

field Filter

Rapld ash loading

easurement
CT data

_l—{ 21,33um |

Ash distribution [mm]

Source: AStudy of Ash Accumulation on Gasoline Particulate Filter
through On-Road Fleet Durability Testing 2019, Rose, Boger, Lv, etc

Source: Full Useful life
= | cvaluation of gasoline

PR | particulate filters by

) | accelerated ash loading

= | and thermal aging
> 2018, Sterlepper,Cla3en, Gorge.
etc.

Plugash length [mm]

Ash loading [g]

200+ ={—loading increased (DT)
et loading increased (LT)

= Back pressure

5 148
¢ distance [148um]

from inlet ]
1004

Pressure drop [mbar]

0 20 40 60 80 100 120 140
Ash loading [g]

> Eﬂﬁ*ﬂiﬁ#ﬂgﬁabmﬁﬁﬂCﬁﬂﬁmﬁﬁimn*ﬂﬁﬂﬁﬁ FJI#'JLL.E*WRiﬁ%‘E%WR,m LS AT

> FRBIEGE, TEd bR KRSHAESE, Plug ashiKESHEITMWRHRISIE
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High accurate EAT component and Sensor modelllng wre [ €1

*ErEATm;{tHBEu ~M5: 3DETHMLFRRRFREEFE 3D soot simulation

Examplefor activefilter regeneration (Drop-to-ldle) Exampleforintrawall soot/ash loading
Soot_loading[g/l]
1245 0.6553 1.186 1.717 2.248
Ash_loading[g/]
1.05655 0.3115 0.5665 0.8214 1.076

Model slice at %2 length + bevor rear plug

Soot loading Wall temperature

pithed : CLATAR S ’._ {5
< —— Pressure drop EXP P 13{'7:
é —— Pressure drop SIM Ppro 28 iy
I . .%Z{'k‘.' ’ PR B
3 N —e—APex W A i
° T e AP i EiEs i
- =AP sim TR = o
8 F s T ‘
: /o s
E W
® = )
=1
s 0
g g : \
: L
L
0o i% Soo! loodng (1)) - G
Filter length =

> aXISUIteEI‘JSDDBE FRLIE A RaED TL B PIERTRER E3E 1L, m“.ﬁﬂ%hﬂ?ﬁim!ﬁlﬂjkgﬁﬁﬁﬁﬁiﬂiﬂ' RASEIGFNIERE
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High accurate EAT component and Sensor modelling

SRR EATTTHPRERM: Lean NOx Trap (LNT) E1&
L NTIRBS SRR TCIRIRRS

Temperature

NO,

CO

THC

21

=

0 200

T [ T T T T T T T T
800 1000 1200 1400 1600 1800
Time [s]

e ——
400 600
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(v}
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j

3

Inlet ©
s QUtlEt Measured
= == == Qutlet Simulated

LNT model validation highly o

accurate NOx results 3

q

=

=

2

By

m

(@]

0.0 )

without sulphur

NO, storage NO, release

00

with 2g/L sulphur

03

0.2

01

00

Time [s] Time [s]

{EBIZEE (1D IR AERY)
SfaEREEE IR

BETFORYSOOE, SESHRSEKE, 8
1ROSC, NSC, FEaRErE, E8iftiREE
NOXUAR; CO&THC &AL

BOMPERN, BRR DS IR
FIXREHEBISREELL  (BI0N2OFINH;)

AT, IVREIAES SR
FEnNERIEE

SWLT CiUil455R 103G

> RESREEINRTRERR
> ERISEIRTFLIREENRE, LERE IchIRTF
> EBRBEERXIEE LEVRTHEM RS, EERFHEARIRTIREG

B, WfRkEE
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