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THE 100-MILE |
Fritchle Electric| ..

IS GUARANTEED

to travel 100 miles to the single
( ll.n‘s{(' over city streets ox
country roads.

| We are now ready to close ‘

| 1909 Agencies. Write for i

our proposition,

VICTORIA PHAETON |
$2000

Complete line Includes all styles
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Séc. XVIII, Hungria
Primeiros veiculos
movidos a eletricidade

1900

Eram 38% dos
veiculos nos EUA
22% eram a

combust3o
®

1891

1912
VE: 30.000 um.
no mundo]

Custos:
VE USS 1750
VC USS 650

1935

VEs

1908
Producao do Ford T

Primeiro carro elétrico

William Morrison

2017

Todas as montadoras
tém projetos de VE

1997

1973 Toyota Prius

Crise do
petréleo

1990
Emissao zero
Lei na Califérnia

“Extincao” dos

para venda

2014
Formula E

:

2006
Tesla Roadster

[+] Dossié dos VE

®

Fim da fabricagao de VC:
Inglaterra: 2040

Franga: 2040

Noruega: 2025 (com substituicao)

®
2017

Volvo compromete-se a fabricar

somente hibridos e elétricos a partir de 2019
4


https://climainfo.org.br/2017/09/25/uma-breve-historia-dos-veiculos-eletricos/

FPassenger plug-in market share of total new car sales for selected countries and selected regional markets since 2013

Country ¢ 20191°% & | 2018 & 2017 ¢ | 2016['71°5] & | 2015091571 & | 2014(%¢] & | 201319 &
B= Norway!'EIP0IES] 559% | 491% | 39.2% 29.1% 22 4% 13.8% 6.1%
B |cjgng!!00I10TIT02]103) 226% | 19% | 14.05% 46% 2.93% 271% 0.94%
mm= Netheriandst”#1104] 151% | 65%| 26% 6.7% 9.9% 3.87% 5.55%
mmm Syedenl’1031106] 14%| 82%| 52% 3.5% 262% 1.53% 0.71%
= Finlang!!201107I108] 69%| 47% 251% 1.2% N/A N/A N/A
X Portugall'?! 57%| 36% 19% N/A N/A N/A N/A
Switzerlangl 00 10IT1] 55% | 3.2% | 2.55% 1.8% 1.98% 0.75% 0.44%
[l Chinal2elBeITT2ITT3] 4] 49%| 42%| 21% 1.31% 0.84% 0.23% 0.08%
J:§ Andorral'®! 56% 0.81% N/A N/A N/A
== Denmark!1EITITTE] 42% 2% | 04% 0.6% 229% 0.88% 0.29%
m—pustrigl! 001 TEI1200121] 35% | 26% | 2.06% 1.6% 090% | NA N/A
§ B Belgium!{ 0012211231 32%| 25%| 27% 1.8% NIA N/A N/A
B ¥ Irelangl1240125] 3.1% | 1.57% | 0.72% 0.48% 0.46% 0.27% N/A
B Germanyl I 488I112][126] 3.0%| 1.9%| 1.58% 1.1% 0.73% 0.43% 0.25%
g+J Canadal ®l127] 3.0% | 22%| 0.92% 0.58% 0.35% 0.28% 0.18%
g UKIPTIN281129] 2.9% | 2.53%  1.86% 1.37% 1.07% 0.59% 0.16%
§ B Francell71I72 28%| 211% | 1.98% 1.4% 1.19% 0.70% 0.83%
2l MNew Zealand('3] 28% | 096% 0.72% 0.50% 0.23% 0.21% N/A
= United States(84[1311132]133] 21% | 2.1%  1.13% 0.90% 0.66% 0.72% 0.60%
e JapanlZ®IE7I134] 09%| 10% 1.1% 0.59% 0.68% 1.06% 0.91%
Global averagelPIFI133] 25%  21% 1.3% 0.86%
_;_Californial1411361137] 77%| 78% 48% 36% 31% 32% 2.5%
[ Europe 01001013813 140I 1411421 36%  25% 174% 1.3% 1.41% 0.66% 0.49%
Hong Kongl14311431144] 5% 5% 4.84% 0.39%

Motes

i. * The French market share corresponds o combined sales BEV passenger cars and utility vans only (PHEWS not hcluded}.““’]
ii. ® European figures correspond fo Eurcpean Union member countries plus two EFTA countries (Morway and Switzerand)

[+] Electric cars use by country



https://en.wikipedia.org/wiki/Electric_car_use_by_country

.@, 70 YEARS OF NISSAN
B ELECTRIC VEHICLES

Innovation
that excites

Japan

1947 il

Launch of the Tama EV, buiit by
Tokyo Electro Automobile Co Ltd il
{later bought by Nissan)

2007

The Mixim conc cept

4rn~1|rnh1vn|=»

1983 »

Nissan March EV,
an experim
compact
hatchback
revealed

2010¢
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VISION /\1\/‘[(

2010

LEAF wins the Green
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lithium-ion

battery

July 2017 e Mzgl_”l%h December
Septernber g::::;‘(f £ o 3 \ Nissan unvells the OCtODer 2014
2017 Sl oo i June 2014
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coming

»ean launch of the
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f the Nissan e-NV200
jan starts in Barcelona

2015 p::cm

Nissan unveils )D( +
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2016 2016 y

BladeGlider EV
prototype unveiled
In Rio de Janeiro

Nissan LEAF 30kwh
goes on sale in Europe
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y at
2016
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2016
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2013ry
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https://global.nissannews.com/ja-JP/releases/release-72baae3110a9e0c0a40fcaf0f20031c8-nissan-celebrates-70-years-of-electric-vehicles?source=nng

* Eles nunca “desapareceram”...




Visao citnutunal

Veiculos a combustao versus veiculos elétricos
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[+] Emadi, 2017

Motor torque (Nm)


https://books.google.com.br/books?id=7glEDwAAQBAJ&lpg=PP1&dq=electric%20cars%20emadi&hl=pt-BR&pg=PP1#v=onepage&q=electric%20cars%20emadi&f=false

Visao citnutunal

Veiculos a combustao versus veiculos elétricos

Tractive effort (kN)

10

Electric motor with
" single-gear transmission

2nd gear

-

3rd géar

-

4th g/ear

Gasoline engine with
four-gear transmission

100 200

Vehicle speed (km/h)

[+] Emadi, 2017


https://books.google.com.br/books?id=7glEDwAAQBAJ&lpg=PP1&dq=electric%20cars%20emadi&hl=pt-BR&pg=PP1#v=onepage&q=electric%20cars%20emadi&f=false

[+] Whichcar

10


https://www.whichcar.com.au/features/converting-classic-into-electric-car-is-not-cheap

Visao citnutunal
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Visao citnutunal

Electric propulsion subsystem [ Wheel ]
Brake
i . Electronic : -
s A Vehicle ' ' Electric Mechanical
' controller power motor transmission
ﬁf’% — converter

Accelerator

| Wheel |

Energy - Auxiliary Power
Ener :
management [+—» snurgg power q steering [*—
unit . supply unit
l Steering
_ wheel
Energy Hotel climate
»| refueling control unit
. unit
nergy source .
subsystem Auxiliary subsystem
——— Mechanical link
) Elcctric link
—» Control link 12

[+] Emadi, 2017


https://books.google.com.br/books?id=7glEDwAAQBAJ&lpg=PP1&dq=electric%20cars%20emadi&hl=pt-BR&pg=PP1#v=onepage&q=electric%20cars%20emadi&f=false

Visao citnutunal

Baterias

[+] Emadi, 2017

Operating temperature
range (—40° to 50°C)

Production price
($150/kWh) -

Calendar life -+

(10 years)

Cycle life-80% DOD
(1000 cycles)

Energy density
(230 Wh/L)

USABC EV Goals

Specific power-discharge
(300 W/kg)

Specific energy
(150 Whikg)

Power density

(460 Wh/L)


https://books.google.com.br/books?id=7glEDwAAQBAJ&lpg=PP1&dq=electric%20cars%20emadi&hl=pt-BR&pg=PP1#v=onepage&q=electric%20cars%20emadi&f=false

Status of Battery Systems for Automotive Applications

Visao citnutunal

System Specific Peak Energy Cycle Self- Cost
Energy Power  Efficiency Life Discharge (US$/kWh)
(Whikg) (Wikg) (%) (% per 48 h)
Baterias Acidic aqueous solution
Lead/acid 35-50 150400 =80 500-1000 0.6 120-150
Alkaline aqueous solution
Nickel /cadmium 5060  B0-150 75 800 1 250-350
Nickel /iron 5060  B0-150 75 1500-2000 3 200400
Nickel/zinc 55-75 170-260 65 300 1.6 100-300
Nickel/metal hydride 70-95  200-300 70 750-1200+ 6 200-350
Aluminum/air 200300 160 <50 ? ? ?
Iron/air 80-120 90 60 500+ ? 50
| Zinc/air 100220 30-80 &0 600+ ? 90-120
e Flow
- ‘,f Zinc/bromine 70-85  90-110 6570 500-2000 7 200-250
- i Vanadium redox 20-30 110 7585 — — 400450
| Molten salt

Sodium/sulfur 150-240 230 80 800+ 0® 250450
Sodium,/nickel 90-120  130-160 80 1200+ 0? 230-345
chloride
Lithium /iron 100-130  150-250 80 1000+ ? 110
sulfide (FeS)
Organic/lithium
Lithium-ion 80-130  200-300 =95 1000+ 0.7 200

“No self-discharge, but some energy loss by cooling.

[+] Emadi, 2017


https://books.google.com.br/books?id=7glEDwAAQBAJ&lpg=PP1&dq=electric%20cars%20emadi&hl=pt-BR&pg=PP1#v=onepage&q=electric%20cars%20emadi&f=false

Visao ecstnutunal

Baterias
6 Conductive Coating — @ Metal Pretreatment ——

0 Battery Assembly Q Impregnation Service

Adhesives ’
@ Thermal

Gapfiller

Liquid Gasketin

€ Thermal 0 U .

Adhesives © Battery Structural Adhesives

[+] Adhesives & Sealants



https://www.adhesivesmag.com/articles/97187-henkel-to-debut-electric-vehicle-battery-material-solutions-at-the-electric-hybrid-vehicle-technology-expo

Visao citnutunal

Motores
Electric Vehicle Traction
Commutator Commutator-less
[ ]
DC Induction Synchronous Doubly-Salient
1 1 |
| | | Wound | Wound | PM Stator
Wound PM Field rotor rotor 1
Field JCage rotor 1 PM rotor | Switched
Reluctance
HReluctance
rotor

[+] Sandeep, V. & Shastri, Sharankumar



https://www.researchgate.net/publication/331280876_Analysis_and_Design_of_PMBLDC_Motor_for_Three_Wheeler_Electric_Vehicle_Application

Visao citnutunal

Motores

* CC

* Relacdo peso/poténcia relativamente grande

e CCsem escovas (BLDC)

* CA

Controle simples
Possuem escovas

In runner
Out runner

Controle complexo

Sem escovas

Relacdo peso/poténcia relativamente pequena
Podem ter imas permanentes

QS Motors 8 kW

25 kg

8 kW
(3,18/W)
USS 700,00

AM Racing AMR 250-90
68 kg

156 kW

(0,43 g/W)

USS 9.288,00

Netgain Warp 9

70 kg

25 kW

(2,8 /W)
USS 3074,00

HPEVS AC12 Motor
22 kg

35 kW

(0,77 g/W)

USS 3125,00

17


https://www.go-ev.com/TransWarP.html
https://www.hpevs.com/hpevs-ac-electric-motors-ac12-for-golf-car-mining-utility-ground-support-vehicles.htm
https://www.qsmotor.com/

Netgain Warp 9 (DC)
70 kg

25 kW

(2,8 8/W)

USS 2118,00

QS Motors 8 kW (BLDC)
25 kg

8 kW

(3,18/W)

USS 700,00

HPEVS AC12 Motor
22 kg

35 kW

(0,77 g/W)

USS 3125,00

AM Racing AMR 250-90
68 kg

156 kW

(0,43 g/W)

USS 9.288,00

Controle

Curtis 1231C-8601
Tensao: 96-144 V
Corrente (max.): 500 A
USS 775,00

Curtis 1231C-8601

Tensao: 42-120V

Corrente (max.): 600 A/fase
USS 524,00

HPEVS Curtis 1238e-6521
Tensao: 48-80V

Corrente (max.): 550 A
USS 1535,00

Rinehart PM150DX
Tensao: 360V
Corrente (max.): 450 A
USS 9.360,00

18


https://www.go-ev.com/TransWarP.html
https://www.qsmotor.com/
https://www.cloudelectric.com/product-p/1231c-8601.htm
https://www.cloudelectric.com/product-p/1231c-8601.htm
https://www.evwest.com/catalog/product_info.php?cPath=1&products_id=350
https://www.evwest.com/catalog/product_info.php?products_id=262
https://www.hpevs.com/hpevs-ac-electric-motors-ac12-for-golf-car-mining-utility-ground-support-vehicles.htm

Realidade bhasileina
* |taipu

« 1974

* 2 passageiros

e Poténcia: 3,2 kW

* Sistema CC

* Bateria de chumbo-acido
e Autonomia urbana: 80 km
 Tempo de recarga: 10 h

* Plataforma original




Realidade bnasileina
* |taipu E-400

« 1981

* 500 kg de capacidade de carga
* Poténcia: 10 kW

* Velocidade maxima: 80 km/h
* Sistema CC

* Bateria de chumbo-acido

e Autonomia urbana: 127 km
 Tempo de recarga: 6a 8 h

e Plataforma VW

[+] Motorshow


https://motorshow.com.br/gurgel-itaipu-e-400-o-primeiro-carro-eletrico-produzido-em-serie-no-brasil/

Mencado bnasileiho

JACIEV20 - RS 142.990 Renault Zoe — RS 147.990 Chery Arrizo 5e — R$ 159.990 JACIEV40 — RS 189.990 Nissan Leaf — RS 195.000
Autonomia: 400 km Autonomia: 300 km Autonomia: 300 km Autonomia: 385 km

Chevrolet Bolt — RS 209.990 JACIEV60 - RS 249.900 BMW i3 — R$ 257.950 Jaguar I-Pace — R$ 466.950 Audi e-tron — RS 499.990

Autonomia: 400 km Autonomia: 350 km Autonomia: 290 km Autonomia: 518 km Autonomia: 436 km
) — e —

« IV

-

[+] iCarros 21


https://www.icarros.com.br/noticias/top-10/quais-sao-e-quanto-custam-os-carros-eletricos-no-brasil-/27972.html

Exemplo Nissan Leaf e Mitsu-

bishi Miev

ALGUNS OBSTACULOS

Preco da bateria

As de maior autonomia, de
cerca de 300 km, custam US$
50 mil. Com autonomia de 150
km custam cerca de US$ 30 mil

Tecnologia

O pais nao tem tecnologia de
fabricacdo da bateria de litio, a
mais utilizada pelas
montadoras

Carga tributaria

O IPI (Imposto sobre Produtos
Industrializados) é de 25%,
enquanto para o0s outros
modelos é 12%

Subsidio

> Nao ha nenhum subsidio
governamental no pais,
enquanto la fora é regra

INCENTIVOS NO BRASIL
Isencdo
a8 de IPVA
- IPVA
diferenciado

Toyota Prius, Ford

Fusion e Mercedes S400

MS até 70% menor
R) até 75% menor
SP 25% menor

MS

Chevrolet Volt, Ford
Scape, Suzuki Swift

A 7y

A)ﬁ PE

e N

SAQ PAULO
Rodizio ndo se

aplica a veicu-
los elétricos



http://large.stanford.edu/courses/2016/ph240/mok2/

[+] Stanford

23


http://large.stanford.edu/courses/2016/ph240/mok2/

Realidade brasitleina

Conversoes

9
515
%/Iu% Dy

[+] Denis Vaneti

24


https://www.youtube.com/channel/UCuErMBN9A4BkAR3G4Tdxnhg

[+] Gurgel Supermini “Mini”

Last Upsdated 11-27-2005

Ovwmner

Location

Emaail
Vehicle
Motor

Luciano
Brazil Brazil Brazil 228
lcamara @ gmail.com

Gurgel Superminm

Advanced DC Sertes Wound DC

Drivetrain

Controller

Batteries

System Voltage
Charger

Instrumentation
Top Speed
Acceleration
Range

Seating Capacity
Curb Weight
Tires
Conversion Time

Conversion Cost

Additional Features

4 front, 1 rear

100 Volt, 800 Amp home built

18, 12.00 Volt,
60 Ah

72 Volts

homemade 72 Volt 15 Amp
voltmeter, ammeter

60 MPH (96 KPH)

30seg

40 Miles (64 Kilometers)

4 adults

1,400 Pounds (636 Kilograms)
145x13

6 months

51500

MNone


http://www.gurgel800.com.br/adaptacoes/superminieletrico/

[+] 2009 Volkswagen Gol Generation 4

Owner
Location
Web/Email
Vehicle

Motor

Last Updated 09-10-3016

Elifas Chaves Gurgel do Amaral

Brasilia, Distrito Federal Brazil 228
WebPage contato@clubedocarroeletrico.com. br
2009 Volkswagen

Advanced DC FB1-4001A Sernies Wound DC

Controller

Curtis 1231C-8601

Batteries

Charger

Heater

DC/DC Converter
Top Speed

Range

Watt HoursMile
EV Miles

Curb Weight
Tires
Conversion Time

Conversion Cost

40 CALB/Skvenergy SE180AHA, 133.00 Volt, Lithium
[ron Phosphate

Livan NG-3
No
Astrodyne SB-30
§7MPH (139 KPH)
93 Miles (740 Kilometers)
112 Wh/Mile
Start: 7 Miles (1] Kilometers)

Current: 30 Miles (80 Kilometers)
Total: 43 Miles (69 Kilometers)

As of 0/10:2016
2.400 Pounds (1,090 Kilograms)
Michelin
4 months
US$ 35,000.00


http://www.evalbum.com/3801

[+] 1992 Gurgel BR800 “EQUETUS”

Location
Email
Vehicle
Motor

Last Tipdmted 09-18-HH

Sao Paulo, Sac Paulo Brazil 222

equetus @ gmail.com

1992 Gurgel BRE0OO

D&D Motor Systems, Inc. ES13A Series Wound DC

Drivetrain

Controller

4 front . 1 rear
Kelly KDR4600

Batteries

System Voltage
Charger

DC/DC Converter

Top Speed
Range
Seating Capacity

Tires

7 Tudor 110A Trac.. 12.00 Volt. Lead-Acid, AGM
84 Volts
Homemade

Homemade
By =24y =12y

65 MPH r104 KPH)

40 Miles (64 Kilometers)
4 adults

145-80-R13


http://www.evalbum.com/2326

Realidade

Conversoes

[+] 1993 Gurgel Supermini “Gurgel Eletrico”

Last Tipedated 12-11-2012

Owner

Location

Web/Email

Instrumentation
Luiz Alberto Feij4 Junior

Porto Alegre, Rio Grande do Sul Brazil 222

WebPage luiz.alberto.fj@terra.com.br
Vehicle | 1993 Gurgel Supermin Top Speed
Fiberglass, Brazilian made car. Acceleration
Motor Advanced DC L91-4003 Series Wound DC
Drivetrain manual gear box, cluchless transmission Range

Controller

Alltrax AXE 7234

Batteries

System Voltage

Charger

Heater
DC/DC Converter

300 amps max. controller with serial
interface

6 Bosch P200, 12.00 Volt, Lead-Acid. AGM
115 A'h (20h)

72 Volts

Gurgel - Fetjo 1
Home made charger, 72V/3A, microcontrolled

Watt Hours/MVle

EV Miles

Seating Capacity
not used

Gurgelll
712V-t0-12V volts PWM DC/DC converter based
on a PC power supply

Tires
Converzion Time

Comnversion Cost

Watt hour, amperage, volts (pack), volts
(low voltage), motor temperature,
controller temperature, energy used for
charge 1t, instantaneous peak power (both

Hp and kW)

50 MPH (80 KPH)

very slow. . it takes about 30 seconds to
achieve &80 km/h, but enough for city
driving
15 Miles (24 Kilometers)
Enough for mv personal use.
450 Wh/Mile
I spend 0.3 KWh to drive approx. 2.3 km on
a hilly road bettween myv house and my job,
driving at 40 km/h .
Start: 37,104 Miles (59, 700 Kilometers)
Current: 37 338 Miles (60,398 Kilometers)
Total: 434 Miles (698 Kilometers)
4 adults
165/80 SR-13
300+ hours

aprox. 13.200 including the car


http://www.evalbum.com/4389

[+] 2009 Volkswagen Gol Generation 4

Ovmer
Location
Web/Emaul
Vehicle

Motor

Last Updated 09-10-2016

Elifas Chaves Gurgel do Amaral

Brasilia, Distrito Federal Brazil Z2P

WebPage contato @clubedocarroeletrico.com.br
2009 Volkswagen

Advanced DC FB1-4001A Series Wound DC

Controller

Curtis 1231C-8601

Batteries

Charger
Heater
DC/DC Converter

Top Speed

Range
Watt Hours/ Mile
EV Miles

Curb Weight
Tires
Conversion Time

Conversion Cost

40 CALB/Skyenergy SE180AHA 133.00 Volt, Lithium
Iron Phosphate

Zivan NG-3
No
Astrodyne 5B-30
87 MPH (139 KPH)
93 Miles (149 Kilometers)
112 Wh/Mile
Start: 7 Miles (17 Kilometers)

Current: 50 Miles (80 Kilometers)
Total: 43 Miles (69 Kilometers)

Az gf 0102016
2.400 Pounds (1,090 Kilograms)
Michelin
4 months

US$ 35.000.00


http://www.evalbum.com/3801

Realidade bnasileina

Custo: RS 60 mil
Autonomia: 50 km a 50 km/h

Startup fornece kits a partir de 45 mil

30

[+] Aline Goncalves Santos



https://www.indicemoqueca.com.br/blog/capixaba-com-mentor-da-toyota-quer-popularizar-o-carro-eltrico-me-sinto-uma-sardinha-no-meio-dos-tubares

>

Pl & 3137474

[+] Ely Veloso

31


https://youtu.be/AgNiFKgEZm4

Decidafioca

e Temos estrutura?

* Temos energia elétrica?

Using a Portable Generator
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de automacao,

1 controle

e simulacao

Obrigado!

Veiculos Elétnicod

Veiculos elétricos no Brasil: um panorama

Prof. Tarso Vilela Ferreira

tarso@ufs.br

[+] Posche Tycan

33


https://www.porsche.com/international/models/taycan/taycan-models/taycan-4s/

