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Vehicle Scenario Builder

Lower the barrier to entry for Model-Based Design
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Conventional Vehicle
Reference Application

The conventional vehicle reference
application represents a full vehicle
model with an internal combustion
engine, transmission, and

Electric Vehicle Reference
Application

The electric vehicle (EV) reference
application represents a full eleciric
vehicle model with a motor-
generator, battery, direct-drive

Hybrid Electric Vehicle
Multimode Reference
Application

The hybrid electric vehicle (HEWV)
multimode reference application
represents a full multimode HEV
model with an internal combustion

Engine Dynamometer
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Cl Engine Dynamometer
Reference Application

The compression-ignition (Cl)
engine dynamometer reference
application represents a Cl engine
plant and controller connected to a

Hybrid Electric Vehicle
Input Power-Split
Reference Application
The hybrid electric vehicle (HEV)
input power-split reference
application represents a full HEV
model with an internal combustion

Engine Dynamometer

Sl Engine Dynamometer
Reference Application

The spark-ignition (Sl) engine
dynamometer reference application
represents a Sl engine plant and
controller connected to a

Hybrid Electric Vehicle P2
Reference Application

The hybrid electric vehicle (HEV) P2
reference application represents a
full HEV model with an internal
combustion engine, transmission,
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Conventional Vehicle
Reference Application

The conventional vehicle reference
application represents a full vehicle
mode! with an internal combustion
engine, transmission, and

Engine Dynamometer
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7 7_ Reference Application

The compression-ignition (Cl)
engine dynamometer reference
application represents a Cl engine
plamt and controller connected to a
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Hybrid Electric Vehicle
Multimode Reference
Application

The hybrid electric vehicle (HEV)
mulimode reference application
represents a full multimode HEWV
model with an internal combustion

Engine Dynamometer
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The spark-ignition (S1) engine

dynamometer reference application

represents a Sl engine plant and
controller connected to a
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Hybrid Electric Vehicle
Input Power-Split
Reference Application

The hybrid electric vehicle (HEV)
input power-split reference
application represents a full HEV
mode! with an internal combustion

Y

Hybrid Electric Vehicle P2
Reference Application

The hybrid electric vehicle (HEV) P2
reference application represents a
full HEV model with an internal
combustion engine, transmission,

Electric Vehicle Reference
Application

The electric vehicle (EV) reference
application represents a full electric
vehicle model with a motor-
generator, battery, direct-drive
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Double click to configure
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Active Mode: HEV P4
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Parameters

Block Parameters: Powertrain Type
Drivetrain Configuration (mask)

Use this block to configure the dirvetrain mode.
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Conventional
HEV PO
HEV P1
|: HEV P2
HEV P3

Visualization

Controllers

Passenger Car

CEZ

16



TIVERETL IOV

Powertrain Blockseto T > v EFTIL

<Yy TV VETIL

¥4 GiMappedEngne - Simulink - =) X
I7ME BRE ATV MEERD T008R S-S MSA J-RD AT ARTH)
B-o-f e HO-E-wqoPb » - | 9~ &
CMagpedingne
# & CMappedingme b
ol [ — =
> . — -
= . 1)
] == X e - 1 ) = -~
ol B TS e - P
et - s —— [ =

= — —+ - =5 ﬂ_,l - =

‘i«t**?l:-— — o &) ——0

[ o i -iv Drmtees O

- -

. ] =

BAFIv oV VETIL

4\ MathWorks

¥4 CiengineCore * - Smulink
TrME) MBE Y-ARTY) MEATE TDreER YUL-E2E WER N0 MDD AR

Z-o-8 Hoe-E-eo4goPp » K= )

CikngneCote

> D&~

® [y CEngmaCore »

DONBE U S

:-_::‘;’%%P: :_:_r—_:z_J

-

17



EngineToue )

7V EETL VOV

Si Mapped Engine Model (A Y > T

- HAhEIZ2DIL Yy
Ty T T—7I

v

BHE & AR —

TrqCmd

|
~

/

- VAT LLRILDERE
C\:- Eﬁ%‘:%ﬁ EngSpd

BrkTrg
AirFlw

FuelFlw

EngSpd = EO NOx

EO CO2
EO PM
0 Mapped Core Endine -

2-0 Tu)

ases

45885
s

Ta.cuo



7V EETL VOV

1500cc iV vV

Info F—

EngTrq [—

Actual Torque vs Commanded Torque & Engine Speed

3
=)

-
[5)]
[=]
v

100 +

50

Actual Torque (Nm)

2000

Engine Speed (RPM) 0 o
Commanded Torque (Nm)

50

200

BSFC vs Commanded Torque & Engine Speed

700 |
300
500 L
100 |

300

200 |

4000
2000 3000

200 0 1000
Engine Speed (RPM)

Commanded Torque (Nm)

4\ MathWorks

5000

19



4\ MathWorks:

T2V FETIN IRV TIVIVETILDNRTIA=F74 XD

IV

Ry FTEHAlT

—_—

—xL7=7T

— RPNy TV

Model-Based Calibration Toolbox™ % | FH

T )L BENERK

R2018b

SiEngineDatax| irauli — O
Home Incart Page Layout Enamblas Review iew Edit View Display Diagram Smulation Analysis Code Tools Help
F D W{j—k [ Queries & Connections Al Y ‘ 14 i\ - (R ) . Y |inf Y ¥
Get RE Refresh - f“ﬁp - z| Sot Filter : \ SiMappedEngine
Data~ D All~ Edit Links Yo Advancel ® — <ExhManGi
Get & Transform Data Queries & Connections Sort & Filter
Al i A || Name: <@ <hir
E '—- TrqCmd Info
= Tratamd Electronic Throttle Actuator Dynamics <Bsfc>
Il Name: Torque EngSpd AirMassFlwRate FuelMassFlwRate ExhTemp
Pl Unit rpm kg/s kg/s K B <EoHC>
3 |Data: 33.598 750 0.003756044 0.000257263 767.6445 350.97 )
4 45.847 750  0.004654959 0.000318832 788.1032 318.76 | L= = -
5 56.568 750  0.005485734 0.000375735 800.8691 304.45 Ge) Engspd O EngTrg
6 68.245 750 0.006440062 0.0004411 880.7776 296.26 EngSpd
) 76.223 750 0.007074802 0.000484576 909.6978 291.3% <EoNOx>
8 76.223 750 0.007074794 0.000484575 9509.6971 291.391
53 28.544 1053.6 0.00502789 0.000344376 864.1794 393.66 Mapped S| Engine
10 40.024 1053.6 0.005505243 0.000404469 877.6878 329.911 ThrPasPct
11 51.453 1053.6 0.006903229 0.000472824 886.9836 299.89f
12 62.881 1053.6 0.008056477 0.000551813 500.5524 286.35 @ [VgAreaPct Engina Speed sy s : i
3 74.31 1053.6  0.009218835 0.000631427 919.7863 277.26 NeTTomue |,
14 85.738 1053.6 0.010556639 0.000723057 990.6683 275.16 @
= | Accessory Load Model v
15 95.025 1053.6 0.012052329 0.000825519 1071.628 283.46‘ » |¢ >
16 24.676 1357.1 0.005875772 0.00040245 901.2477 413.12
17 36.983 1357.1  0.007204383 0.000493451 921.4745 338.20.%82% _ 100% Satiobic e phut
18 48.412 1357.1 0.008373948 0.000573558 926.201 300.20754 2.52469E-07 1.7064E-08 1.73395E-07 0.00178584
19 59.84 1357.1 0.0097533 0.000668034 941.4953 282.79031 2.53086E-07 1.64977E-08 2.55954E-07 0.00208684-
20 71.269 1357.1 0.011219721 0.000768474 955.8058 273.14525 2.91058E-07 1.88211E-08 5.03715E-07 0.00239986.
21 82.697 1357.1 0.012688208 0.000869055 969.9667 266.19969 3.50742E-07 6.3132E-08 7.59843E-07 0.00270390;
Firing Data [ Nonfiring Data | @ l ] [v]
Seady & - I + 100% 20



https://jp.mathworks.com/products/mbc.html

<\ MathWorks

TIVEETIVIRYTIVIVETADINTA—=RT4RQ)
y\lv—ya/%7»#b7y71/y/%7wéﬁaim

XAFIyv IV VETIL

-

© B Cangencore ¥

RN
o

Ine Dynamometer

\ » Oynocl EngSpd [— [ |
Dyna — Tema—L |
DynoCirt
Eng
EngTrg—»| J
nment P Env
Dynamometer &
Performance Monitor

EngCtrir
»{ Dyno
; ggine System

L L

) TrqCmd

) EngSpd

R'u'me"a:l:‘. -,d: : E'a. '%'_o".hv m“m, Help

21




HE O 2y ZREAET L OIER

GT-POWERETF I AETTIC~ Y THERK

<\ MathWorks

‘Engine Dynamometer

P OynoCtrl

Eng Eng

E:ﬁfﬁ . an-l_*ﬁn_J-}Eﬁ:ET}l/ |yo *I

E P Env
Dynamometer
EngCtri

EngSpd
| TrgCmd N
Englrg —‘[ |

Performance Monitor

Resize Engine and
Recalibrate Controller

Help

s
=
3

g

N

EngSpd

L L

EREBME

HEO Yy RSB ETL (Ry TP VETIV)

22




IrnI

ST T IILICHAIAA TEERESR

=

File
- AOPE - Q- F P

Tools View Simulation

Help

SiCiPtReferenceApplication Controliers

® ||"a&| SiGPtReferenceApplication P

5]

N

%)
|

i

Sample based

Sample based T=10520

4\ MathWorks:

23



4\ MathWorks:

Ny TIVISVETIVORBEIL?
GT-PowerE 5 /L & Powertrain Blocksetd~y 7TV ETFILE DELE

‘ . \ . MEIBERE
HBEIEMRINTY Yy TV VET IV Ly s
ST VETILDEE '

/ ‘*i:_ﬁ—/\.{' BT T P S B e A e e B

20

~
-~

- Ial—2 3 EE1/5042
- MREEEDOE : 0.3%

a 50 100 150 200 250 300 350 400 450 500 550 00 650 T00 750 200 B850 800 850 1000 10850 1100 1150 1200

‘ ‘% Velocity, Target, Actual (mph)[2]

| ~— | pesmm
iy e O—E‘ e ==
g T | - =

o 50 100 150 200 250 300 350 400 450 500 550 800 G50 T00 780 800 E5D 000 050 1000 1050 1100 1150 1200

g M o o T B [
- § g s ey £ [t E I =
coe Bl b oot o L ‘a[ A
b Wl 3 Sa s s At | [
= E:..., o = : SR
s > =
T x

i n-.ui ur 24




C—»

BattTemp

77V hNETIVE

X

»( 1)

—

X - : l
MotPwrMech

MotPwrMech

BattCurr Infe

‘ = +

BattTemp Battvolt

100

SOC Ratio to %1

A=

(1)

BattSoc

Vinit

Battery Discharge Dynamics

Lithium lon Battery Pack

»(2)

Batty

D

LdCurr

- LdCurmr

SrcVolt

P VoltCrmnag f—_ﬁ'—'?'\.

info

SrcCurr

DC-DC Converter

650V /Ny 7Y — & DC-DCa v /N—& —
(smaller sizing for P0)

HVDC

BattCurr

BusVolt

MotSpd

HEV P1-4 650V
BattSoc e BattSoc : - HEV P1-4 30kW
LdCurr »( 7 ) Q MotTrgCmd num(s)
Battv b MotTrgCmd Mottrg o 2t
BattV T_» Battv q den(s) otTrq
MotTrg
BattCurr » < BattPwr @ MotSpd Motor Coupling Dynamics
BattPwr MotSpd
BattTemp S—
HVDC _;( 3 ) tCurr
AmbTemp  (ig HVDC BattCurr Ry rl%:svmt
High Voltage System s L= T MotCurr
$ X
MotPwrElec
MotPwrElec
num(s)
den(s)

4\ MathWorks:

BattVolt

MtrSpd

TrqCmd

MotTrqCmd

Info

BattCurr

MtrTrg

30kW E—X —

(10 kW for PO)



T2V NETIVNZAT 4V

4\ MathWorks:

—

—™

—

—

-

T

Citch1Cmd

EngTrg

MotTrg

Grade

WindVel

BrkCmd

M GearCmd

Block Parameters {Subsystem)
Open

Label Mode Active Choice
Open in Variant Manager

Refresh Blocks

DrivetrainHevP4

train
»

"' C (DrivetrainCon)
0 (DrivetrainHevP0)
Ctri+K 1 (DnivetrainHevP1)

2 (DrivetrainHevP2)
3 (DrivetrainHevP3)

PO

Pl

PN S " " —" .

T T T " T —" .

! 4
( ﬁ’ - r— o |
! ) B ¢
i j
| P3 T P4 -
1 | I st
Ll 4 Jowcne o r 4
4 o . =

------ [

9 0

Lﬁ%@%?»(PZ)%&—XK%@%?w%$$<W&!

26




T2V NETIVNZAT 4V

P2

.5. “ 7:.“ ' ;‘ | ‘
-4 | =eN i s
P2 Clutch
DrivetrainHevP2 - Simuink k@
.i 0 b4 :¢a
File Edit View Desplay Disgram Simudation Analyss Code Tools Help L i §
m'D'BQJ G%G'E'ﬁqu = m':mi l Noemal w-g_ﬂ,
Drvetramnrev®2
® | *al DrivetrainHo®2 B -
<
N s - -
md .
= Orreatiant
=i Acten Mose Fruml Wheet Deu
— » )
! st
77V F
Torque Comeriar ALnate Traosmiseon
S Mt 0
Coch 15tatn 6 ] B, as
(D o Lo &;m
i et Cont tont—o(7 ) Gewme Marutur - D Winzual
N CxhiCm Ergtoa TrarsGeoar ®_
~ S S BiCag .
-I./s / F}b7>®—~bm Trgon s -
Englrg
Chmch_1 b
E-2hLY > :
MotTrg Terqam Carrantar Armmate Tramamasssn O vvewriinl arst Compmares

oV RIvydrav

Copymght 2018 The MattWeoncs. i

~<

|_/Df‘/7°“/ NV

Ready

4\ MathWorks

27



T2V NETIVNZAT 4V

PO

r

4\ MathWorks

."._,",\’,\ \ f [—_
/'(/.a. % j "}\‘ ‘T' .'wr 1}\‘1’,*:' ;?x
A= )ﬁﬁL fﬁr‘i = di' #&\

P2 Clutch

| P& OrivetrainHevP0 - Samulink
File Edit View Dispisy Diagram Simulation Analyss Code Tools Melp

-8 L EO-F-94dOP = F- ol | Qs
DrivetrainHavP)
- 5&DrwatnanHwPo »
CY
P o
= 2
~ S N — Drivetrain Gonfiguraton
fad l\ }1/7 - A ﬁ Mr-nModomFromanll:ﬂw
I+

GO)—3 +

Citch1Cmd

kS XRIwywrgv

—D

Clich2Stats Ciicha

g

i el e D

310

@ sfosacrs

1
E

GearCmd TraraGear o

.

BB |~)b7> o—

E—XFILY

7—Uk

]
| Raady

Info

Iny—@ Windvel Front Wheel Drive
MorSpd CE}__.. From Asle Front At x
o EngSpd meo"”m Fosr Axla Rear Axie x

R T D " Axbe Torqua 1
W(Tfﬂ Froee sl mm;
T Convener Automatic Transmission Differential and Compliance

Axis Somue 3 Fowr Adde = Rear Avie =

- Whaeals and Brakes

! > (N
=z
MathWorks, Inc

Clich15tate

ode 3th

28



4\ MathWorks

T2V NETIVNZAT 4V

¥4 DrivetrainHevP1 - Simuink

File Edit View Dwplay Désgram Simudation Analyss Code Tools Help

222

P2 Clutch

/ — B ! N = | ,&:r‘;w
= Lled) § 24 ‘-iﬁum‘r [y e
=/ = =

&'D'a e%evﬁvﬁﬁqwnp L] m’:"« Noemal - uo -
DrivetrainHevP1
® [%a DrivetrainHev®1 b
@
1
Dowbm 33 c:nﬁglm
=
N Drivetrain Configuraton
= I\ }l/ 7 :l \/ / ( e Q Active Mode: Front Wheel Drive
@ >
(] + - m Clich t State (3
| e Gltch1State
— o - < N
I\ 7 Ay v3a/
Clic2State »—l Chch2State @D M prosey
GearCmd o Grade
Concmd TronsGear}—1 e D, it
~CE) Windvel Freal Wheel Drive
;‘% Brakofieq Front &do x Front Axia &
kLS D 2 BCmd ol — >
EngTm TRy EngSpd Front Wheel Drive, . PN |
(3 ) T D Asde Torque 1
MotTrg \\ A2 Fram Ao z Front Axie z
Differential and Complisnce
Adle Torgue 7 RaarAvn 2 Raear Ave 1
Vehicle

X— A7y LY |

Wheels and Brakes

29



4\ MathWorks

7oV ETINNZAT 4y P3

Trd o ‘ I

0 ! \ [N IR

{101} 4[| e oy e
- _— N
[+ Y

P2 Clutch
i
¥4 DrivetrainHevP3 - Simuink = a % s ¢ja
Flle Edit View Desplay Déagram Simudation Analyss Code Tools Help 2 i
12) e B u o] Q EE a = " D"Wl’;ﬂ-";".{;iOlqwCOMﬂﬁm Aut.am.\tr Transmissian - Simulnk - - fa ] b4
trainHeP3 Flo %dit View Display Diagram Senulation Analysis Code Yook Help
. R S e N~ | 5 @i~
@ (8] DrivetrainkevPl b / B-o-@ ¢ ¢80 RDLYP = - | o @ ~ @
Torque Converter Automatic Tranamission
a ® ‘[E'anlumb-wms » [ Torque Convertar Automatic Transmission B v
| !
= S
k3 |
S
- V1% e g — ;
787y bRV
e - J /
| GO—3 +
| CichiCmd L

|

.S R I S S < - =
:nlr--msm —— 1D I :wm QH) EngBod
’f;

Citcl EmgTr
17 Es N
Tra ; _) ee > oWty
TuTrg . XA |
arl "
(] " o w C Tomp e DItSpd

(7 )P GearCmet [
GearCmd
NER G —»Ewm i
-I- / / / l\ } l/ 7 > EngTrg Loxcki-up trem, Lockay ‘ Drrmshaft Comgraancet Idaw Famd Goar Transmession

E—K LY > E-2bVT D@ )

T Converter Automatic Tr

30



4\ MathWorks

T2V MNETIVFZAT 74 P4 .

a Vb "'«._ 2
A s L] = I
TAY = B B fm= N e
i Lled ) N 24 Mgl |l R
— e yi*—f};\l
tyu2

P2 Clutch

4 DiivetrainHevP4 - Simuink - o X :¢ja
File Edit View Dsplay Disgram Simudation Analyss Code Tools Help i
Z-o-B e 4 EO-E-9dOP = - | Nomal © D
DrvetrainHevPd
-

@ ﬁanwtmnNevN »

Doutide cick to configuen
Drivetrain

I\ )1/7 :I \//Q—g - Drivetrain Configuration

+ — m CazhiState (3
A= D7 by 5

Chen1Cma

kS RIvwrav

OEEJWES®

CReh2Gtate

GearGmd Crch2State
GearCmd 1 :

TransGear

>

EngTrg T

EngSpd

Torgue Converter Automstic Trameme

OB —

E-2 LS D o

MolTry

(-
» Copyright 2018 The Mamiorks, Inc

31



HEIET IV NAT Yy FHE

@ AccelPd| i
AccelPd|
5 °
(B e i
MotSpd <__Motspd] |
5 =
TransGear ™
TransGear m
(D, b
VehSpd
VehSpdFdbk 4 [VehSpd]
*

a DecelPd!

DecelPd|

="

AccelPdl
MotSpd
Gear WhiITrqCmd

VehSpd

MotTrgRegenWhICmd

Accel Pedal to Traction Wheel Torque Request

_’
[ Motspd] _—>—»
T

DecelPd|

Park

BrkPrsReq

My

BrkCm |

VehSpd
MotTrgRegenWhICmd

MotSpd

Gear

BrkCmd
BrkPrsReq

£ 21— )L

4\ MathWorks:

[\ /hiTrqCmd

if(ul <=0)
o EngSpdnon-P2
else
: EngSpdFdbk —EngTrgCmd Cltch1Cmd Gl
»| WhiTrgCmd it{} gy TraCmd Cltch1Cmd
E
| R IeCand P2 Clichicma e
[Gear] P Gear StartCmd
| [MotSpd] — MotSpd MotTrqgCmd — @
Neutral
Energy Management Off
»{ 7
WhiTrgCmd
WhiTrgCmd eise {}
—>
merge »( 1
| [VehSpd] = VehSpd b
EngTrgCmd > gTrgiCm b ol
| [MotSpd] - »| MotSpd
| [Gear] > Gear
O o> e M)
> MotTrqgCmd
so¢ = . i - MotTrqCmd
BattSoc
Q BattV
Energy Management

Brake Pedal to Total Braking Pressure Request

Series Regen Braking

HEVZI X ILF—Xx—I A b

o 2D

BrkCmd

32



HEVZ R F—H—T AV b

4\ MathWork

Sn

SIC)

o 5 - = PPl
- IV URE—RXADERMNLVIIEES Tdemana Teng t P
P2 Clutch P2 Machine Trans + Clutch

ok @

. I .~ —

>ERAME<E—X FILT <BR KB
>ERAME< Iy ML <BXKE
> 5=/NSOC<SOC<HEKSOC

s IRILF—EBEZH/NRICHZ., FZA4ANE) T4 72 FEFT 3

33



4\ MathWorks:

Equivalent Consumption Minimization Strategy (ECMS)
FE & &/ BB

- ECMS¢& (X7
—~ IV VEE—REFERTEIRAI VT RRODR—N=AH
- BEX BB OHEE ZRERICRE

Min FMEE=MFIEE+ s xBEHE

« ECMS%DH 5 DIIAIEA?
— BEZEHIDHL > TWBIHEIZ. ZIFEELHIEZIRMH
- BEZEHNNT— LA VIGERT (FMREOAEF1—=27)

Glarglo Rizzonl

Hybrid Electric
~ Vehicles
Energy
Management
Strategies

SZEXFR =

5 e
! Springer

https://www.springer.com/us/book/9781447167792

34


https://www.springer.com/us/book/9781447167792

| 4\ MathWorks

BIEIETIL c A7y REIEHES 2 —L

#4 tieks Dptened Contvsben Trengy Maruge . - Carvamn - a x
e B Yew Dudw Dager Besdsticn Ahepes Cade Jook i

oW tEO-E-wqOP » - oo A

.

B i e e B R P —— )

= 1 EN U Vet £ FCARE W Bl e R ey (v 4 e Sy
PR S XL V1 Aovnds ECATE & vohr I At Softe SO (18 INDR Sutbavirni] SA0S 10 00F8 e & Sl % oF bt Iy sratly . 3 Tl pins G Conriae S8V 10 Lasvnntor
14 2) Une 4 5crgl o Srmrs Duweg Cptrwrston  perkore) Fa Sension pracess.
31 Tri procens = spuirnd swery Brw the Sove cpoie o MEV archeiscnun W St
= e Mot 2 - Acusmve DOMS (A COMS) t3 muste contviler chasge Sater wved 1oy Shwaed 417 ke
V) At FCAIN 4 0F wpairnnst wimt Ko Ph gaems of B4 aorauie ¥ imeond
a T) My rod raeyy paaham bovl e pocensrn (ad Turge wabe oy shusl 10 reee i e See e Ty
R EEESSS——— -~ Fur wiher s, 4 vy b buseiigt b sne e Pt Crotaty” comen 1 e Dsvn Oythe Scome Soth. Vi s S ten cyoms sewesd S 11 ander by SO be sabien
|
! AccelPdl > il . T e cyeie] sems | wwier | usie
AccelPdl ECMS_s valums that will
O minimiae dolts SOC
5 + »| MotSpd »0 | 20mms0 | 20mw ] 2z
b MotS, W0 P+ PR+ Cammbwet Perty + Erglhe m Lot 5
MotSpd pd [MotSpd] T €203 fxm 24 1] " 2456422 | 2033654 | 3052939
123 243083 24 295824

P LTA51TI | 2A54326] 2552303
I 29501 | 7 SAETSA | 2 20009

6 * P Gear
TransGear
reren )

Spd »| VehSpd

EB jrm
S

—»{ MotTrgRegenWhiCmd
b 4
Accel Pedal to Traction Wh

e
L]

e I = L P o B> SO ) 'ﬂﬁ@_l‘?-
EgTamse L] ‘
{1—
[ 01s - 008123 |
A e | M2, |

Mepeaserts & 002 TH10 30 # 1) cont em bon
g bus & 100 297 1) dyramnc. wise Mokr s o
TR0 1) prwnc. Thos mam &1 ol s e
1N Tvm T ATE ) GCOME B MG 13 bate

»{ VehSpd

| [MotSpd] = MotSpd
| [Gear] = P Gear
-
]
@W’ DecelPd! |— —»| BrkPrsReq 8

R
DecelPd| BrkPrsReq orcl

— > Park Series Regen Bra

Brake Pedal to Total Braking Pressure Request

s EETL—FAHEN—FT7L—FDIRY DT
-« HEVIZIRILF—TR—I XV b

35



4\ MathWorks:

Agenda

- ERY—IL
 Ial—TarvETILOFEE

. T—RRRT 4 DEE ]

Ial—rav

e

36



4\ MathWorks'

F—XRART 4

- &=/\Mb:
> MRE([L/100km] (KSAT7H A4 2L : L9214, T4 —. US06)
> hhEMEEE (0 —100[km/h])

- iR
> 24 7947 0Ilin-7T=FE1T
>E—RET VIV DOIEBIRIREEI N
> m5x/NSOC<SOC<H&=ASOC
> ASOC = |&#&SOC - #HASOC| < BFRE = HlfHl/ ¥ T A — X DIFEZ=

37



4\ MathWorks:

Agenda

ERY —IL

Ial—aryETILDI]

i
4y
7ax

r—RARART 4 DEREA

vIal—v gV ]

e

38



4\ MathWorks:

vIial—varvDEDHA

1. %'J1ﬁﬂ/\7)< 2 DIER
P. 7—FT7Fv¥&EIC,
« BRZATHAI7ILTASOC< 1% 1D LS ICHIFEI/CT X —& s &#3K
HEH (A ZL—23Y)
2. FZAT7HA4 oL
« VT 4—  NATxA, USObE—FTCHEA> T2l —Y 3V
3. WOTHN=E
« 0-100[km/h]fNEZ> T 2L — 3>
4. 3
« POHDBPADT—FT7F v DIRE & INEERE % LLER

39



HIEl/ VT X — X DR

O ————

(1 1 e g — - -

\\

17

Y
——
=7

I

=RArPLEE

T+ & X

4\ MathWorks

5 Sriav

i tebs gt 2y srge “
e B8 Yew Dudy Dager Sesisicn Anwpes Cole Jook iy

Hro-WBe RO F-wAOP »

R
. N ey

e

‘N

CRlP e o

OCREINE R

n et £ FCAE W

1) fovede £CAN u‘--m-‘m () Npmluhmwuﬁu\-
Crawrston © pertorn e

) Une 4 scrgt or Sirmtos Dy

o pron

34 Thin procens w seuiret swery Brw the Sove cpcie o MEV archeiecion o tharged
RN e TSry EBwwe AT e

v Mernnd 2 - Asssme DOMS
T) My rod Shmryy pemham botl Lt pocrwery.

(ACOMS) ts muse coctvier chasge
V) At FCAIE 4 OF wpairnnt wim Ko Ph g of B4 aoraiie ¥ imeond

WRRTL 0 T s e

"

= reww vt

.

Fur e s, 4wy b baneiiigt 0 pae e Thapmd Cpotty” a1 e Dsvn Oythe Scome Stk Vi s e tan cyoms sewesd S 11 ander by SO0 be sabien

/

Ll
[P PR TR

MNamyscare fera bt
S B2 EndaTg s )

AT

1L 2

§+ Cambnt Povwity + Erghhes fam Liss

B>
O

Bt

g By

oyoie] e | wwier | usoe

ECMS_s valuss that will
dolts SOC
"0 2050811 | 2 o2 2TV

" 2456422 | 1033654 | 3055933

p; | 2ama| 24 | 2958
pr | 2msan|zasesns] 258200
Pe 7 ASY501 | 2 SIETSA | 2 25009

B Togons

-".

WO THIO 3w # 1) cont tem fon

"!l

40



- MY PO M- -
T
Y, \E > e SN0 e 3 S YIS 4 N .

0s na 08 38
W Madal Werkapace (HEV_PO_PS) 07 0r 07
Mame « bie

o6 e o8 3

05 g 0s ‘RULS

It i i
e | o4 04 04 25
Name = he
& DesignVin Jo Al| 03 03 03
H DesignVavs_1 0
W) DesignVan,_res 0 Conty | 02 02 02 2
DwuznVacs 1ve | sl Conkin_
- Vanbie Droviow 01 o1 01
0 t 0 v e ] 3 15 g A
o 5 10 0 5 10 0 5 10 0 5 10
Ileration lecation Ileration Neraton

Simulink Design Optimization™

——Raray

° H_l_'ftlﬁiig-\

° :Itﬁ'] /:.:H‘-

WEREL., REREN

4\ MathWorks

|ASOC| = 1% ? W

HIEH/ T A — & 'S BB

ZxfhG(Parallel Computing Toolbox™)

41



8.5

~
w

-J

(=]

Fuel Economy [I/100km]
(s3]
wn

o
(&)

45

KA 73 A7) XWOTHEY I aL—> 3 ViER

4\ MathWorks

0 - 100 kph Time [s]

VT4 —
I I
B Conventional
» HEVPI
4 HEVR2
W HEVP4 B Conventional
® HEVRO
4 P HEVPI USO6
4 HEVR2
_75H A Heves €3 = (.{. z ;
£ HEV P4 onvention,
> —~ s @ Hevro =
S 7 » HEVP1
= 4 HeEVR2
< ® 65 _75H M Heves
S ) E V¥ HEVP4 &
Y 4 -
o =i | . A
T - -
L 55 g 6.5
9 95 10 105 11 S
0 - 100 kph Time [s w6
45 55
9 95 10 105
0-100kph T 5
45
95 10 105 1" 115 12 125

44



| <\ MathWorks

APl ¢ EBE)/NT — b LA VLB R

74 —(55%) & /N, x4 (45%) DIEAEHHE

5.8 T T P2 Clutch

O Conventional =
R
ol 122
S 53 - e ICE—XEE
RPly: . — pAER L
7 i ERMEAET
52
51
Al 4°°
95 10

5 -
9 105 11 115 12 12,5
0 - 100 kph Time [s]

R

pd [ |
ALl

45



4\ MathWorks:

F &

77V hETIVY
- Z7UELRESNAERBETAEZXZ— MRSV M, B/INIETYIa
L—>a VRIEZEBE

- EETREIL

- RE/XT A —X 2 BHHEE

vIialb—Tv 3V
— RE L INEREEEDEIDO FL— FF7DFEE(L

46



4\ MathWorks:

Agenda

ERY —IL

Ial—aryETILDI]

i
4y
7ax

r—RARART 4 DEREA

Ial—rav

2 ]

47



HE  FOMDERE

P2 Clutch

4\ MathWorks:

48



4_& MathWorks:

e TDMDFERY — >

( \ A \ e
:E_&ﬁi\:/) E\"'—7(. .—-—.E.‘j:? b2 Clutch
DiZEIL?

\ Generator

PO \a \L‘ ./ E\, @
s

5 M - ~N
"’ A \.“‘ 1 I\é‘
I l \ 6%’ — = N
II v' . o E \ AN
\ -/ <Ly SSRANE Sl o = s
. e /
QNS 2\ \CHS
H 1 «/f‘ R / - \ RS Lo,
py S RSN, Y
b ? ® '9' ; rg Y2
. S S Al | =
. oSS ¥ 7 Liqru \j_{\g
( \

LA Iy PR

\- Y,

49



—v 3V

4\ MathWorks

JL|:|77‘/|‘7T — s

Kty aryTchO7+—hHX

Solver
Technology

Delf%]’yre

Data
Management
é ) (|
MODELICA GT
\_ J
(" ) S

.
-

kEi

J
~

Vehicle

\ Configuration

f

.

)

\

ES
DA EEE NN ER

Multi-actor
Scenarios

Simulink

JC++




MathWorks’

&\ MathWorks

Accelerating the pace of engineering and science

© 2019 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc. See www.mathworks.com/trademarks
for a list of additional trademarks. Other product or brand names may be trademarks or registered trademarks of their respective holders.

© 2019 The MathWorks, Inc.



http://www.mathworks.com/trademarks

