Product Development and Validation of
Electric Vehicles

DR. IR. SIGIT P. SANTOSA MSME, Sc.D, IPU
Directorc National Center for Transportation Technology
NCSTT ITB

Seminarg Challenges of Future Vehicle Tehnology and Regulation
GIIAX ICE BSD, 23 Juli 2019




ackground
Johary Chart
Professional Experiences
A  Electric Car: Opportunities and Challer

el inieresla



Background Johary Chart
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BackgroundSustainable Transport

C Sustainable transportation systena transport system that is
accessible, safe, comfortable, environmentally friendly, and affordable.

C Major issues of urbatansport

1. Highlevel Traffic congestion
2. Dependence on fossil fuel / naenewable energk | UN-SUSTAINABLE
3. Pollution

Note:

A Study in 2017: Economic impact for traffic congestion in Jalkjuta
31T/year (NCSTKIGreen Drive, Sustainable Automotive Engineering)

A Jakarta is in the top 5 Air Quality & Pollution City Most Polluted Ranking,
with AQI = 152 on July 22, 2019.
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BackgroundOpportunities & Challenges

/PROBLEMJnsustainabIeTransportationin Indonesia h

U High traffic jam, polution, dependence on fossil fuel
U Transportation system in Indonesiannot supporhational economic development
U Low Air Quality Index in Indonesan big cities

\ /
4 N
CHALLENGHSectric Vehicle Revolution in 2025 and beyond

U Fuel Economy Regulation of 56.5 MPG (Mile Per Gallon) started in 2025

U The electric based transportation will be the solution wrt cost & regulation =
U Global electric vehicle proliferation strategy In Indonesia will need to be addressed F

\ /

OPPORTUNITIHBdonesian Transport Expansion Plan in 2030

U Indonesian market for passenger vehicles will increase from 1.4 million to 4 million.

U New urban railways system of 3800 km will require 12,000 new passenger coaches will
be needed (RIPNAS).
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Solution|Sustainable Integrated Transportion

Renewable Energy:
Electric, fuel cell,
geothermal, HTGR
Power Plant

R Integrated
echnology Transportation Infrastructure

Development Electric
D System/Intermodal 3 Development

BasedPropulsion, Roadmap: charging

AdvancedMaterials Solution Electric station
Based Transport

Transport Authority: Government Policy:
Master Plan Emission/pollutiion, Safet
supported by all ¢ Type

stakeholders approval/Certification

Implementation/
Monitoring/
Enforcement




Solution|Future Mobility

Electric vehicle / Range Extender Technology
Autonomous Vehicles

Artificial intelligent / Deep Learning

Next generation electric propulsion

O O O O

Key enabler:

Safe & Fast to marketehicle developmeng Short Vehicle
Development Phase
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Solution |[Powertrain Technology & Innovation

Future/Next Generation Powertrain Technology:

C Electric/hybrid : Industrial Revolution 2022030
A Parallel system: Both engine and motor are used to power the drive
A Serial system : Engine is only used to recharge the battExtended
range electric vehicle (EREMhevy Volt
A Conventional gasoline engine will cost on the average of $300 /
month for local commute
A Electric vehicle will cost $0.85 x 30 = $ 25.5 / Month

C Hydrogen Fuel Cell: Next Industrial Revolution 22650
A In-car power drive is generated by fuel cell reaction 9#HD2,
resulted in HO ¢ environmentally friendly exhaust product
A However, Carbon dioxide is generated when thasHroduced
outside of the car from fossil fuels




hicle DevelopmentMPYBce:

Technological Opportunities & Challen:
RESS (ReservéstdfagegSystem)

A Electric Vehicle Development Process
A Validation
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VDPINCSTT ITB Research on EV

Electric bus for shuttle transportation
e-Trike : Electric vehicle for delivery

RESS Reserved Energy Storage System (Li -lon NCA Battery, Solid
State Battery)

Battery integrity/safety system

Infrastructure development, static/dynamic induction charging system
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VDP|Key Technology Development

)

RESS: Reserved Energy
Storage Systerng Battery wegenerto — E‘-;Cn::nl EV
System e m Platform

Electric Propulsion

Vehicle Platform
Control and Motor & Power
Instrumentation — & inverter |
Accessories and
Charging
Infrastructure
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VDP|RESS Battery Development Program

C RESS/Battery is the most critical system required to resolve vehicle
electrification technology application: Energy capacity and Safety/Integrity

Uttra <Thin Lithium Metal

L Separstor B SefeElectroyte |

Cathode Cathode Cathode Cathode

Gen 0 Gen 1 Gen 2 Gen3
Li-Metal Li-ion Li-ion Li-Metal
100-200 Whikg 200-250 Wh/kg 250-300 Whikg 400-500 Whikg

200-300 Whi/L 600 Wh/L 700 Wh/L 1200 WhiL

Dangerous Safe Safe Safest



VDP|Opportunity on RESS Battery Development

Micro-scale i Meso-scale i Macro-scale i Macro system
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Physics/Materials Continuum MeChanicsg Structural Mechanics

«  Microstructures §{ * Elasticity i « Deflection/Stiffness

- Molecular Dyna. { = Plasticity i = Crashworthiness

» Dislocation Dynai * Fracture : = Finite Element Methods
Techniques i Objects: components i  «  Design & optimization

- SEM ! « Anode
- EBSD i « Cathode
- TEM i < Separator

=  X-ray Diffraction Coating

= Micro CT scan

Collaboration ITBMIT Under
USAID/SHERA Program

L
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VDP|Opportunity ¢ Efficient Technology on Motor Drive

Stator

“‘a‘ — “ / Commutator
: / / & Brush
= —W s Assembly
Shaft SEN_ \“_4’ ;

Armature
Bearings

Electric Motor (Tesla) =

Internal Combustion Engine = 17 parts

200 parts
A Patent US7741750Induction motor with improved torque
density
A Patent WO2007145726A3ystem and method for an
efficient rotor for an electric motor
1A A Patent EP2237392AAC motor winding pattern
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https://www.google.com/patents/US7741750
https://www.google.co.in/patents/WO2007145726A3?cl=en&dq=inassignee:%22Tesla+Motors,+Inc.%22&hl=en&sa=X&ved=0ahUKEwjO6qSY48XXAhVFvI8KHTpnCfI4FBDoAQhXMAc
https://www.google.co.in/patents/EP2237392A3?cl=en&dq=inassignee:%22Tesla+Motors,+Inc.%22&hl=en&sa=X&ved=0ahUKEwi-kumi48XXAhVELo8KHYeMDRI4HhDoAQhXMAc

VDP|Challenges oon RESS

C Safe and affordable RE&Battery System: Thermal event issues
and high cost’/kwh ($208400/kwh)

32 km/h side pole impact Vehicle caught fire 2 weeks RESS thermal issues: Dendritic
crash test by NHTSA in 2011 after the crash test crystalizaton of coolant

Source: NHTSA Report # DOTHS 811 573 creating voltage short




