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MANY CHALLENGES AHEAD

ALLIANCE TECHNOLOGY DEVELOPMENT -CAE & TESTING / D.MAROTEAUX SEPT.12TH 2017 PROPERTY GROUPE RENAULT 3 RENAU LT



GFEI 2016 REPORT (COP21)

Business as usual
WW FE -2%/yr - towards 6°C

Non OECD 40%
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2°C scenario
- -5,3% [ year FE equivalent

Source 2016 GFEI Report
FE: Fuel efficiency per new Vehicle
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WORLDWIDE VIEW OF CO2 / FC REGULATION

EUROPE
PC&LCV Concerned CAFE regulation
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' CAFE regulation not yet voted
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CAFE STANDARDS EVOLUTION

CAFE standards evolution

CAFE requlation
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MANY CHALLENGES AHEAD
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WLTP : REDUCE GAP BETWEEN HOMOLOGATION AND REAL WORL D

WLTP => A complete change of game

15493
Erra 1 Euro 2
v MEDC with 20 = = New limits
= Lower limits u Tighter nertiz
= o0, weight class
Evzporative
Emission
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WLTP VS NEDC

| NEDC WLTC

Duration [s]

Distance [km]

Stop time [%]
Average speed [km/h]
Max speed [kmyh]
Acceleration [m/s?]

Cycle Definition

Gear shifting

Battery load

Test temp.

Procedure

COP margin

Vehicle data :Mass
1Scx! Tyres |/ brakes :

1180
1
23
33,6
120
-1,4-1.0

imposed

free
~25" C
8%

Flexible
(I. class)

1800
23,26
13
46,5
131.3
-16-16

variable
(GSlI like)

Iso SOC
~14" C
2~4%

Imposed
(close to
real)

* more energy demands, higher vehicle speed

* engine operating at higher load, less idle
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Cycle Procedure

WLTP WLTP

NEDC

WLTC

Veh. Low Veh. High

B

E ﬁ’]‘;{g{ KL ~ $20%  ~ +35%  ~+55%
F.E. f ~ +39 ~+16%  ~+249
gCO2/km re 7o % %
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CO2 / FUEL CONSUMPTION FOR INDIVIDUAL VEHICLE

Customer Order

"rf Choice of options
WVIM determination

e

F
Toston e £ 2
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e Vahicls indhwiousl
o1 .
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.':.-r 4
»
Sy - Vehicke Mass
bz = Tire (Rolling resistance]
HAerod E
B — g r e
Eztirmated cycle onergy Actual Cycle energy
Each individual Vehicle will have its own CGO,/FC value
A
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MANY CHALLENGES AHEAD
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HYBRID AND ELECTRIC POWERTRAINS ARE MANDATORY TO REACH

CO, GOALS
ICE MICRO HYBRID MILD HYBRID FULL HYBRID PHEV RANGE ELECTRIC
~3kW 10 - 15 kW 15-60 kW | “_UTEERE | EXNENEER EV VEMNCLE
{ELECTRICAL POWER) 50 - 80 kW =50 kW = 50 kW
HEV PHEV EV
i+=> i+
\
Q “
N N
ELECTRIC RA
ELECTRIC TRACTION
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DILEMMA OF HYBRID ARCHITECTURE

New
Projects
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SIMULATION OF FUEL CONSUMPTION
AND CO2 EMISSIONS
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WHY SIMULATE FUEL CONSUMPTION ?

Support early phase design : optimal technical defini tion

and architecture (cost, fuel efficiency ...) g [V vkt s

Secure vehicle project development time i 1ﬂﬁnﬂﬁnﬂﬁnﬂﬁ/—u’/\nﬂﬁnﬂﬁnﬂ/\nﬂﬁ/\u—/\ E
X time [s]

Reduce project cost (avoid tests and late component 49 [ e engne e fow |

change) 10

Ability to simulate lots of combinations of vehicles / o Mﬁﬁ%ﬂfﬁﬁf

engine / gearboxes : upstream and development / X: ime <]

validation phase

Forecast CAFE Values (Product Planning)
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HOW TO SIMULATE FUEL CONSUMPTION

Vehicle Inertia

Traction
Force

Rear Axle Drag Force Front Axle Drag Force

Moeniae * d_V =F
dt

Traction I:Aero - |:Front_AxIe - |:Rear_AxIe

+ « Forward » Simulation from driver to wheels
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WHAT IS NEEDED TO SIMULATE FUEL CONSUMPTION
Auxiliaries

14

Battery (14V,
48V, 400V,...)

’ Control

namics

) Aerod

Tire friction

F.
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REQUIREMENTS FROM ENGINEERING TEAMS

Flexibility
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A

Opened
Models

Ability to connect to other models,
control, ..

Models re-usable for other
applications

Easy to use Interface

>
« Commonality »

SEPT.12TH 2017 PROPERTY GROUPE RENAULT ‘ 18 RENAU LT



WHEN IS IT USED IN VEHICLE PROJECTS ?

Upstream}hase > Development > Industrialization >
N N
W v/ Y
AV \ \ V v V VAV
A A
- Hybrid Powertrain Architecture - Fuel Economy and CO2
Definition Requirements Convergence
- Fuel Economy and CO2 - Sensitivity / Robustness Analysis

Requirements
- Subsystem and Components Early
Phase Design
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DEDICATED SIMULATION PLATFORM
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« GREEN » SOFTWARE ARCHITECTURE
/

\_/
‘ ™~ 2= Co-simulation L‘
Control : - if el
Matlab- ysical models :

Amesim

Simulink
\_

HMI : P e e Scripts
Python everal - ‘ -

EE ~ Comments/Notes CcOo d e

@ SIEMENS

ALLIANCE TECHNOLOGY DEVELOPMENT -CAE & TESTING / D.MAROTEAUX SEPT.12TH 2017 | PROPERTY GROUPE RENAULT Fl ; £.Ln I"f:r 'ﬁi‘l" [-'Il:& RENAU LT



GREEN USAGE

Choose powertrain architecture,
Input data, pre processing

New Technical Definition 2=l
Name ™oL
Configuration Conventional architecture with thermal management] -

Description  No description available

-
| = B

Engine torque [Nm]

[| ¥pn yon  |BERA@ 48
ICE characteristics 1500 0B

— 210 17.90707813 )
d B Y 320 1044579557 -
N X 430 6597344573

05 gy eIy [5 40 41130018

NS ‘ 650 404353377
N 760 3298672286

[ mport

500 1000 1500 2000 2500 3000 3500 4000
ngine speed [rev/min]

Air drag, tire resistance, ICE fuel
flow map, ICE limits, GB losses,
GB ratios, Control parameters, ...
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Choose scenarios and design of
experiment, run simulation

Experimental design definition
Study type [standara

Technical definitions Scenarios

[¥] Scenic [¥] NEDC

[¥] Eolab [¥] witc

[¥] Zoe 1000km [¥] Client

[¥] Jcos
d Next [ cancel

Associate technical definition with
drive requests / scenarios

| SEPT.12TH 2017 | PROPERTY GROUPE RENAULT

Outputs, Post processing

|— VEH - Vehicie velocity [m/s]

A
B
m/‘\mﬁ\m/\m/\ﬁ \M\m‘/‘.m/\qn/\‘[\Iﬂ\

X: time [s]

180 smeser

%0

:
"]
§ o ° °

‘
& ° .
0® = >
500 s00 1000 1500 2gg0 2500 3500 4000
-

nnnnn {tefmin)

Temporal plots, energy
flow, energy repatrtitions,

synthesis table, ...
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OVERVIEW OF MODEL ARCHITECTURE

E-

B

3 e | '
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| . |asv,a00v,..) |
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= = % — T = 1 Tire fricti :
ab:% — , ; . ® | £ 5 " . _@‘ Wﬁ 7
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i 1 T T 7T 77
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For Simulation of Fuel Consumption:
-> Mainly map-based models (« level A »)
-> Over 100 parameters (scalar or XD maps)
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VALIDATION AGAIN

oo

KADJAR

1.2l Tce (Turbo GDiI;
Manual Transm.)

NEDC measurement :
5,79 1/100 km

GREEN Simulation
Result : 5,75 /100 km
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ST EXPERIMENTAL DATA

— Fuel flow GREEN [kg/h]
—— Fuel flow EXP [kg/h]

8
23/'1.—}]\‘\, leL !.L\\;ll’f/\w\ i‘tn kk;w\mé_\ ll‘nm M’wﬂt‘ x10°
02 04 06 08 10

X: simulation_time@run_3 [s]

—— Engine speed GREEN [rev/min]

x103 —— Engine speed EXP [rev/min)]

AT

X: simulation_time@run_3 [s]

—— vehicle velocity

m/s)

25 =5 \\
10 Pr— /\ /P = ,/\ o // - \'
O e T \_/\_/'r_\'\_/ \\_f\_/ ﬁ\_// \—\_f‘f \_/ X\~ L y103
: , . : - ' - :

-5 T ' T

0.2 04 0.6 0.8 1.0




APPLICATIONS
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04 APPLICATIONS

ENERGY SMART MANAGEMENT

~ vehicle velocity (m/s]

[mys)
”-
© ] 1010FF Inj ON Inj OFF

“

30 -
20 -
10-:
0 -

x10’
1 | | | | 1 1 | |
173 174 175 176 177 178 179 180

» When there is no fuel consumption,
ESM allow maximum energy
recovery.

» During powered phase, this energy
is used and the alternator torque is
lower (reduction of fuel
consumption)

~ mechanical torque with ESM [Nm)
[Nm) | mechanical torque without ESM [Nm)

12 1nj OFF Inj ON Inj OFF
10 ~
8
6 -
4
)-
- m.
o 1 1 | 1 ] | J LB
173 174 175 176 177 178 1 180
X: simutation_time@run_2 [s)
—— Fuel flow with ESM [kg/h)
fg/m) [ Foel flow without ESM [kg/h)
20 ot
15
'
10 -
] !ni OFF Inj ON Inj OFF
0s
wl
ao | L L L) A 1 ¥
173 174 175 176 177 178 119 180

~—— Battery voitage with ESM (V)
~ Battery voitage without ESM [V)

l”l

v
1] — =
14 - " L -
13 4
12 +
| tni OFF Inj ON Inj OFF
11 4
lo L] L] | 1 1 L L] L}
173 174 175 1726 177 178 179 18
X: simulation_time@run_2 [s)
~ Battery current with ESM [A)
[A] [ Battery current without ESM [A]
2 i
0 Jl
.20.3
“-
- Inj OFF Inj ON Inj OFF
'w L] L] L) L | L} L ] L) L]
173 174 175 176 177 178 119 180
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HYBRID POWERTRAIN DESIGN

Study case :
eAWD example

EM Points - Time weighting

160 o
1 @WLTC o Urban @ Traffic Jam
120 »
80 ° o @ -
s °
3
]
S o °
g 8000 @ 1GP0 @ 12000 14000
<)
-40 Qo °
° °
-80 QO o
Q@ o
-120 o
°
-160
Speed (rpm)

FRONT AXLE

iy
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Allvalues

INV: 0,0

EM: 1107 <+« WW—]

RED: 0,0

AuxELV:
125,0

BAT delta:
5,7

inWh

AuxM fromdecel : 0,0

AuxM fromfuel: 0,0

311,3

1359

105 1571,4

BAT .
d

Cells:  cables:
589 0,0

3z

)

2

o

[}

{ ot

o

o

®

o
PROPERTY GRC

382,6

BAT
etails

AuxEHV:

0,0

EM: RED:
199,5 0,0

Accelloss: 5747,5

2023,8

VE
e

H
details I VEH

Detailsin
table

Fuel consumption gap =
f (BAT energy in Cycle
Sustaining)
Artemis Highway

NRJ batten CS
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E.V. DESIGN
WLTC Cycle

Electric

) Gearbox 1 ‘ Architecture Energy Consumption | Difference
machine 1
2 Machine 1 16,1 kWh/100km reference
Battery mmmm Vehicle -
Machine 2 16,2 kWh/100km +0,6%
Elecfcric Gearbox 2 | Machine 1 & 15,9 kWh/100km -1,2%
machine 2 Machine 2

Ponts de fonctionnement - EM Operating ponts

CED 150 rendement - 1o Efficiency - Voltage = 400V
w— Couple max/min - Max/Min Torque - Voltage = L00V
= EM Alpha-Line

Operating points, mode 1

Cougple [N.m} - Torque [Nm)]

Couple [N m) - Torque [Nem)

i i i i H i i
20 i ;
O 20 &0 0 000 00 1200 1400 0 00 40 00D BOOD 1000 1200 14000 fsO

Régme wimin) - Speed (pen) Régime [timin] - Speed frpm] RENAU LT
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THERMAL PERFORMANCE

COOLING

LOOP

I HVAC
|_Refroi

_Temp
_HP_Pres

AC LOOP

B ettt

<

Q vTEvapo
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3

Catin Tnlets i “: |,

HuacBC (i

Recraulation |
et

3

Heat Transter
Coeficient

Eng )
e
Incar_Temp
car HR
CLl M BOX Sun_Prad
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PERSPECTIVES & FURTHER STEPS
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SUMMARY

S () N

Dedicated
database management

One Alliance tool for fuel economy,
and dynamic performance simulation

'mpmv?d wquﬂow (pr?/ post New tool adapted for new
processing, simulation time...) :
regulations
| ALLIANCE TECHNOLOGY DEVELOPMENT -CAE & TESTING / D.MAROTEAUX | SEPT.12TH 2017 | PROPERTY GROUPE RENAULT

All architectures
can be simulated

‘e L
o By

é 5 ;5:;1. ,éj@‘l ' :4 7.:

e @) 6 - eedes

Flexible and easy
to update

. RENAULT



PERSPECTIVES

Multi attributes

Emissions

HYBRIDE RECHARGEABLE OFFRANT

AcceN, /Dy
[ 9% [ \

AR \' ‘)
—SN—
/0-60-0\ / Stats™\

Drivability

(Green - untiled [D/Public/alphat bl un
Fie View Toos Help

Thermal
Performance

Currently covered
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Can be used for driver in

PERSPECTIVE: REAL WORLD the loop simultion

NEWCONFGIAL

— L SN - FE \ith ACC

Values from
GREEN

. : * FE with sailing stop
Driving 8§ (traffic light, traffic jam,
Simulator &= | )

 HMI test and validation
(power display)

o !
U vop

. =r Results shown in live - — =
W - 0 lode . : = S
a\ 11,7 EPOWER 21 KW from driving scenario .
e J =
- — = et
_:‘ -
108 1 - -
I . ——
| =
: oo I =
Hybrid [ & T e | - L
CURRENT ©a@ ::: "Jn 1%;"\\5'\\\\&\\‘ [ H“n L £l Lhy M“Wn
MODE :7 Ruin| | Mesage B —
‘ T B it @ resetarts Y oar [ showveronies [Fapane)
&
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