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Vl-grade Tech nOIOgy: « The Challenges: Developinga modular simulation model to
Cha”enges Solution and support XiL Development, Longitudinal Drivability HilL,

’
Value

Couplingwith Powertrain Rig (HiL+Dil)

« The Solution:Implementation of VI-grade Technology for
MiL-HiL-DiL, Combined drivability HiL, Connection to DiL
and PWT RIG - DiL CONNECTION

« The Value: Ability to test ECUs in a highly controlled and
repeatable environment, early detection of System defects
(Software Bugs), Opportunity for Baseline Tuning even
before starting Vehicle Testing, Functional Safety Concept
developmentand Verification, More robust debugging and
validation addingthe human factor, and possibility to
capitalize the experience of vehicle testers




RIMAC GROUP

Our Story
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- World Premiere of the - Ee @ e - Rimac builds Nobuhiro - Joint Venture in China signed - Hyundai Motor Group - Announcement of 100.00m2
Concept_One, world’s first - Intense development and Monster Tajima’s race car for - Dealer network expansion in becomes a shareholder Campus
- Rimac Automobili is founded R flé—zl:qctlzces::ercar testing of Rimac All Wheel the Plkes Realinictnational t:ree‘congnents - l:ozh‘ - 500+ employees - More than 1000 employees
in Sveta Nedelja, Croatia. R, Torque Vectoring System. Hill Climb. IS, (SURLES ] L8R - Porsche increases - Nevera launch
- 100 employees - 250 employees stake in Rimac - Bugatti Rimac Announcement

2008 09 10 11 12 13 14 15 16 17 18 19 20 21 22

- Mate Rimac converts his - Mate Rimac breaks 5 Guinness - Rimac completes its first - The Concept_One becomes FIA - Contracts with major - World premiere of Rimac’s next - Testing and - Deliveries of
BMW E30 into an electric and FIA World records for the B2B project for IDIADA. Formula E’s official Race Director car OEMs generation hypercar, the C_Two development of Nevera to
race car and the idea is fastest accelerating electric car. First revenues. - First production vehicle contract - Production model of (Nevera) the Nevera customers
born - First OEM projects - A-round completed the Concept_One - Porsche becomes a shareholder continues commence
- First profitable year introduced. - 400+ employees - More than 850 - Rimac Group is
- Significant expansion - further expansion of production employees more than 1700~
of facilities facilities people strong

- Opening of offices in Split and Osijek
- Launch of the Xianyang JV location



BUGATTI - RIMAC

MAKING OF BUGATTIRIMAC

COMBINING THE MOST ICONIC HYPERCAR BRAND WITH THE
BEST EV TECHNOLOGY

BUGATTI AUTOMOBILES +

CREATION OF A NEW
SEGMENT IN THE
AUTOMOTIVE INDUSTRY

FIRST ALL-ELECTRIC
HYPERCAR

SETTING NEW
BENCHMARKS FOR THE
BEST OF THE BEST

110 YEAR 11O
H IST[:] RY BUGATTI

WORLD'S FASTEST
ACCELERATING HYPERCAR
1,900+hp EV PLATFORM

TECHNOLOGY PARTNER
TO GLOBAL AUTOMOTIVE
MANUFACTURERS
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Benefits:

- ECUs can be tested in a highly controlled and repeatable environment

- System defects (Software Bugs) can be detected early on in the development
process with significant ROI

- Ability to simulate a wide range of scenarios, such as extreme conditions, road
surface changes, system malfunctions

- Opportunity for Baseline Tuning even before starting Vehicle Testing

- Functional Safety Concept development and Verification VI-GRADE + Q&&




ngineering

RSE—- WHO WE ARE

The proven techniques of an OEM-experienced engineering team with strong project leadership and technical
expertise in design, simulations and controls applied to advanced powertrains and vehicle development

Thanks to our extensive experience in Vehicle Dynamics and Simulations combined with our expertise in
Powertrain design, simulation and controls we bridge the gap between the two worlds

Virtual vehicle development

Electrified powertrain system (MiL, HiL, DiL) Vehicle Dynamics and
design Simulations
® ®
Innovative engine concepts nQ"-'QernQ Vehicle Controls

development

Technical consulting and

Advanced Hybrid SW
project leadership

development
Energy management

solutions



REASON WHY - PROBLEM

BUGATTI -+ RIMAC 0o RSEngineering
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XiL Development support

HiL

* Validation
* Debugging

Vehicle Proto Development support
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REASON WHY - SOLUTION

fil

HiL

* Enables tuning and validation of ECUs SW
* |susable as soon as the ECUs are available
* Lack of driver subjective feedback

DiL + HiL
* (One step closer to real vehicle
 Network latency and real ECU HW
effects are better captured
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PROJECT PHASES

MiL/DiL
PHASE-O0 ° Development of a modular simulation model to support XiL Development

Longitudinal Drivability HiL (HiL+DiL)
* Engine control unit(s), Transmission control Unit, Vehicle control unit

Combined Drivability HiL (HiL+DiL)
+ PHASE 1 + Brake by wire ECU, Electronic stability control unit, brake hydraulic plant

Coupling with Powertrain Rig (HiL+DiL)

PHASE-3




PHASE O - MiL-HiL-DiL Implementation

Emulation of all the relevant CAN networks
trough dynamically generated interfaces from DBC

BUGATTI -+ RIMAC OO nQineering

Automatic simulation mode setu
Toggling emulated-real ECUs and interfaces

Plant Including:

ICE

EMs

Inverters

GBX + eDiff
Incremental VD
model complexity
Battery

Main electrical loads
()

(0 REAR ECU

Prepare Simulation Model

() update CAN interfaces

HIL System

Cancel Help

Incremental complexity VD models

licensed and un-licensed
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PHASE 1 - Longitudinal drivability HiL (In use)

-_“" s - - e - e S S S e e e s e



BUGATTI -+ RIMAC 0o RSEngineering

PHASE 1 - Connection to DiL (In Use)
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UDP was selected for:
* Ease of implementation
i - / % »l‘"

* Lowlatency
* Highbandwidth (gigabit)
t Exchanged signals:
* Driverinputs
\ * Vehiclestates
\ s \

-~ - Latency ~=2ms - SN T\ B

Drawback:
* Non-Deterministic
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Used bandwidth <10mbps
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Connection to DiL (In Use)

Coupled system commissioned and
in use for:

* Entiretorquestructure
evaluation and debugging

* Drivability evaluation and
tuning

* QuickECU logs generationto
pinpoint bug with suppliers
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PHASE 2 - Combined drivability HiL (Being implemented - integrated)
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PHASE 3 - PWT RIG - DiL CONNECTION (Future development)
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This will enable:

* Randomicdrivecycle quickly
swapping scenarios (closer to
RDE).

DiL Cockpit

* Morerobust debugging and
validation adding the human
factor
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/ * Possibility to capitalize the
experience of vehicle testers \ -
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THANK YOU FOR YOUR ATTENTION

LOOKING FORWARD FOR YOUR QUESTIONS

For any additional information you might need, feel free to contact us.

Alexandros Papalexiou
Controls Systems Integration Lead-Engineer

M +385 913338219
alexandros.papalexiou@bugatti-rimac.com

Bugatti Rimac d.o.o.
Ljubljanska7
10431 Sveta Nedjelja

Filippo Giacomel
Vehicle Simulation Lead Engineer

M +39 3930955145
filippo.giacomel@rsengineering.org

RSEngineering
Via Nazionale, 12
4121 Maranello, MO, Italy


mailto:Alexandros.papalexiou@bugatti-rimac.com
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