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Electric Vehicle (EV): A vehicle powered by electricity, generally provided by batteries. EVs
qualify as zero emission vehicles for emissions.™

Electric Vehicle (EV): A vehicle powered solely by energy stored in an electrochemical device.”

Electric Vehicle (EV): An automotive-type vehicle for highway use, such as passenger
automobiles, buses, trucks, vans, and the like, primarily powered by an electric motor that draws
current from a rechargeable storage battery, fuel cell, photovoltaic array, or other source of
electric current. For the purpose of this article, electric motorcycles and similar type vehicles and
off-road self-propelled electric vehicles, such as industrial trucks, hoists, lifts, transports, golf
carts, airline ground support equipment, tractors, boats, and the like, are not included.™®

Battery Electric Vehicle (BEV): An electric vehicle powered primarily by electricity stored in
batteries. A BEV is not a hybrid electric vehicle.

Extended Range Electric Vehicle (EREV): An electric vehicle equipped with an electrical generator
(powered by an ICE) that supplements the electrical propulsion system and extends the vehicles

operating range.123

Hybrid Electric Vehicle (HEV): A vehicle powered by two or more energy sources, one of which is
electricity. HEVs may combine the engine and fuel of a conventional vehicle with the batteries
and electric motor of an electric vehicle in a single drive train. See also Electric Hybrid Vehicle.*

Neighborhood Electric Vehicle: A four-wheeled battery-operated electric “low-speed vehicle”,
with “low-speed vehicle” classified by U.S. DOT as having a gross vehicle weight rating of less
than 3,000 Ibs. (1,400 kg) and a top speed of between 20 to 25 mph (32 to 40 km/h).20

Plug-in Hybrid Electric Vehicle (PHEV): Hybrid vehicles that can charge their batteries from an
external source in the same fashion as electric vehicles.:

nu-;u-. gnmgaﬂﬂ;*m&

—‘-%@J BT

LI U EE T

Vehicle Type | Electric | Electric Grid Electric
Power | Storage | Connected [ Driving
Mild HEV Low Low No No
Full HEV Med Low No Very
limited
Conversion Med Med Yes Limited
PHEV
AER- Capable | Med+ Med Yes UuDDS
PHEV cycle
E-REV High High Yes Full
PHEV Performance
BEV High High Yes Full
Perfarmance

AER = All Electric Range
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T Participants were

. asked to raise a hand
when they noticed
. the vehicle passing by

BRI IE: Japanese Activities on
Approaching Vehicle Audible

System for HEVs and EVs,MLIT,Japan

AVAS Vehicel type Stationary | 10km/h 25Kkmfh
ICE Detect Detect Detect
. HEV
without | it EV-mode Detect Detect Detect
HEV
with Ev-mode Not detect | Not detect | Detect
EV Not detsct | Mot dstect | Detect
HEV Em R
with EV-mode | Defest | Detsot
with
EV Detect Detect

AVAS:Approaching Vehicle Audible System
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Table 5: Speed limit during pedestrian crashes HEVs vs. ICE vehicles
L
Incidence rate of] Pedestrian Incidence rate of |
Pedestrian count- I pedestrian | count - ICE pedestrian crashes |
Speed Limit HEVs 5 vehicles ICE vehicles |
<= 35 mph (*) 48 1.836 b 12% 3]
> 35 mph 8 601 I 0.3% |
Total 56 2,437 I 0.7%
Zone speed limit is unknowdgr not reported for ,3.1 HEVs and 1,141 ICE kehicles
Table 6b: Pedestrian crashes at potentially very low speed maneuvers
I HEVs f=======1
I Pedestrian Total # ICE Vehicless || Total # ICE
Vehicle Maneuver I Crashes HEVs Pedestrian Crashes! Vehicles
Slowing/stopping : 6 1.137 148 ! 70.872
Backing K 7 132 261 : 9.093
Entering/leaving parking) i
space/driveway I 1 83 55 . 5.870
Starting in traffic 1 3 102 50 1 4,168
Total (*) 1 17(1.2%)_ 1454 514 (0.6%) | 90,003
Pedestrian crashes HEVs : ICE Vehicles OI: 371 p-value 0.003

E AR Tncidence of Pedestrain and Bicyclist Crashes by Hybrid Electric Passenger Vehicles, NHTS A, September 2009
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Collision

A BE ISR

p } ‘ After vibration diminished, the isolation value is stabilized.

The instant where isolation might fall

maintain isolation after crash

resistance value R

/ momentarily due to vibration during collision
Y Fig.1: The vehicles which can

insulation

time: t

The factors that influence isolation resistance
are contacting condition, covered material and
surface condition. They stabilize over time.

Short time

Fig.2: The vehicles which can not be
maintaining insulation after crash

resistance value R

insulation
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Table 1: Proposal activation and de-activation thresholds for the generation of
a braking signal by electric regenerative braking systems

UNECE Reg. 13-H

UNECE Reg. 13

Condition Ml N1 MZ, M}, Ng & N3
Signal shall not be < 0.7 m/s2 < 0.7 m/s2 < 0.7 m/s2
generated
Signal may be >0.7 m/s2 to >0.7 m/s2 to >0.7 m/s2 to
generated £1.3 m/s2 <£1.3 m/s2 <1.0 m/s2
Signal shall be >1.3 m/s2 >1.3 m/s2 >1.0 m/s2
generated

AR Electric Vehicles:Review of type-approval legislation and potential

risks ;TRL,June 2010
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ISO/DIS 12405-1 Electrically propelled road vehicles [ Test specification for
lithium-ion traction ballery packs and systems [ Part 1: High power application
ISO/DIS 12405-2 Electrically propelled road vehicles [ Test specification for
lithium-ion traction battery packs and systems [ Part 2: High energy application

[EC-61982-3 Secondary batteries for the propulsion of electric road vehicles-Part 3:
Performance and life testing(traffic compatible, urban vse vehicles)
SAH J1798 Recommended Practice for Performance Rating of Electric Vehicle
""" Dattery Modules
AE J2380 Vibration Testing of Electric Vehicle Batteries
SAE 12464 (R)Electric and Hybrid Electric Vehicle Rechargeable Energy Storage
System (RESS) Safcty and Abusc Testing
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Table 1 - List of DST values for one micro-cycle, where the peak power is 24 kW

Secondary BRI TR E S
Step Duration Power Power Step Duration Power Power
3 2 =] No. s % kW No. s % kw
batterles for the % & &kﬁ 1 18 0.0 0,0 11 12 -25.0 -8,0
propulsion of A hET 2 2 28 —25 | 30 E 5 w25 | 30
. " . 3 12 -250 -6,0 13 16 0.0 0,0
Re s b 4 & +12,5 +3,0 14 s o= =T
electric road B A
. b g e B 5 18 0.0 0,0 15 8 1000 | 240
VehICIeS_Part 3 E&L\‘ ,% ’3- E & 6 24 -12,5 =3,0 16 24 —62,5 —14.7
I Performance 7 12 —25.0 -6.0 17 8 +250 +6.0
8 8 +12,5 +3,0 18 32 -25,0 -8,0
and life 9 18 0,0 0,0 19 8 +50,0 +12,0
. 10 24 12,5 -3,0 20 44 0.0 0,0
testing(traffic
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Table 2 - List of DST values for one micro-cycle, adapted for a high performance vehicle
+ Performance

. Step Duration Power Step Duration Power
and life No. H KW Ne. 5 K
testing(traffic 1 '5 0a 1 12 =
. 2 28 -30 12 5 30
compatible, - = = ’
3 12 40 ” 18 00
urban use 4 8 +3.0 14 0 30
vehicles) 5 18 w [ : 1000
8 24 -a0 0 z =N
12 -0 17 3 $610
F +30 1 1 KT
8 0.0 K g L5 ||
0 s 30 4 00
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Overview of tasts
General tests Performance tests Reliability tests Abuse tests
(Clause &) (Clause 7) (Clause 8) (Clause 3)
Ere_conditioning Energy and capacity at RT Dewing Short circuit pretection
cycles (Clause & 1) (Clause 7.1} (Clause 8.1} (Clauses 9.2)
Standard eycle Energy and capacity at differ- Thermal shock eyeling Owercharge protection
{Clause 6.2) ent temperature and discharge | (Clause 5.2) (Clause 9.3)
rates (Clause 7.2)
Standard discharge Pawer and intzrnal resistance Vikration Overdizchargs
(Clause 6 2.2 2) {Clauze 7.3) {Clause 8.3) orofection
(Clauss 9.4)
Standard charas Mo load SOC loss Mechanical shock
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S0C loss at storage
(Clause 7.5)
Cranking power at low
temperature (Clause 7.6
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Energy efficiency
{Clause 7.8)
Cycle life
IClauge 7.9}
Figure 1 — Test plan - overview 34
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Procedure Requirement
Operation mode of DUT 32
(see 1SO 16750-1)

Pulse shape half-sinusoidal
Acceleration 500 m/s?
Duration 6ms

Temperature RT
Number of shocks 10 per test direction

4
=T




o1 ) SR O Tl s PRI

Automotive Research & Testing Center

[SO/DIS 12405-1 E&iiiE sk Fis 8T 57| Btk B2 BIEMAE
— el HHERER (12/12)
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Overview of tests

General tests
(Clause 6)

Pre-conditioning
cycles (Clause 6.1)

Standard cycle
(Clause 6.2)

Standard discharge
{Clause 6.2.2.2)

Standard charge
(Clause 6.2.2.3)

Performance tests
(Clause 7)

Energy and capacity at RT
(Clause 7.1)

Energy and capacity at
different temperature and
discharge rates (Clause 7.2)

Power and internal resistance
(Clause 7.3)

Energy efficiency at fast
charging (Clause 7.4)

No load SOC loss
(Clause 7.5)

S0OC loss at storage
(Clause 7.6)

Cycle life
(Clause 7.7)

Reliability tests
(Clause 8)

Dewing
(Clause 8.1)

Thermal shock cycling
(Clause 8.2)

Vibration
(Clause 8.3)

Mechanical shock
(Clause 8.4)

Abuse tests
(Clause 9)

Short circuit protection
(Clause 8.2)

Overcharge protection
(Clause 9.3)

Overdischarge
protection
(Clause 9.4)
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Reliability tests
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energy application 0t
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specification for RPRARARAT R R R R (SO R A S
lithium-ion o -
traction battery SRR R T SRR, % 4 TSO 16750-1 55
packs and systems [ 4 fEclass A o
Part 2: High energy
application Procedure Requirement
Operation mode of DUT 32
(see ISO 16750-1)
Pulse shape half-sinuseidal
Acceleration 500 m/s?
Duration 8 ms
Temperature RT
Number of shocks 10 per test direction
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vehicles [ Test circutt B o fe Tk

specification for proteetion)

lithinm-ion (2)id % Battery wEE | -Eaw wEHRAEEREETLE -

traction battery EiREE | system HIBEE | —&iFm4S0CE A 130% 0 F & Bt A & #755°C
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HEREMENVHERR , EBRERRIERZE
<

= Truck Electric Vehicles =

= Bus Electric Vehicles 222

= Industrial Machinery Electric Vehicles TEE
= High-Performance EVS (HPEVs) ME

= Electric Motorcycles EEIEEEE

» Electric Bicycles EEEH

= Recreational Electric Vehicles 1k EE g




w R EER

— Chevy Volt, Toyota Prius PHEV, Nissan EV

w TR

— Smart EV, BMW Mini
= FEEABITER
n BAFERA

@ the standard in safety

s BB (Commercial/ = AAFLA (Private)

Fleet) - B

- HE - EE=

- KHE - HE

- = - thEHE

- BB » EFEHIT (Industrial)
- IE - TE#MW

— hilE - HfE

- EA - BiFE

- WE CHRH/RHB) - HE
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m ATV’s

= Boats

= Riding Lawnmowers
® Snow Mobiles

= Train

= Military

m efc.

@ the standard in safety

» HEOREES
- BE—8BR, E—XE&E (BEV)
- B—BHE, BEXEEIN (HEV)
- ZHDHREF ( PHEV)
- ZEHHIRE, ZEREER
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n BET
- &= ( Conductive )
- RFE ( Inductive )
m FEH3K ( Swapping )
— Better Place
= AN
- HERBEED
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s BHE
- ZTREM (Sh/ERS AR/ HEAL?)
_ peEr
_ ERER
- ;s
- KBEE
- BAXb
- Hitz?

http:fAvww. greenoplimistic.comf2009/1 1/06/earthsures-wind-
solar-powered-electric-car-woul d-it-work!
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- FEHS
- BERX
- BLRER
- TEIRAES
- BEHK
* Level 1
+ Level 2
+ DC
- Level 3 ? spey | Pemume | PRZR | MBS
S (Amps) (Amps)
AC Level 1 120 vac, E 48 12A 15 A (minimumy}
AC Level 2 | 208 to 240 vac, =4 32A 40 A
DC Charging 600 vdc max 400 A max As required

@ﬂnstandardlnsafe‘ly

= hitp://www.greenmotor.co.uk/2007/12/mercedes-battery-
swapping-is-so-last.htmi

= In 1972, Mercedes built an electrically powered people
carrier called the LE 306. Its 31kW (42hp) motor could
zip it along at 70km/h (44mph), with a range of 65km (40
miles).




http://www.betterplace.com/the-solution-batteries
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m http://en.wikipedia.org/wiki/Magne_Charge

= [nductive charging system used to charge battery
electric vehicles (BEV) formerly made by General
Motors, for vehicles such as the EV1, Chevy S10
EV, and other glectric vehicles.

= The most common was the 6.6 kW version
although a higher power fast charge versions was
demonstrated.

= Magne Charge support was withdrawn by General
Motors in 2002, after the California Air Resources
Board settled on a conductive charging interface for
electric vehicles in California.
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= MALJE ( Galvanic ) Eith VS RBEH
w $BE VS REE
 SWE VS SHERE

s X|A VS ZER?

s EEXENX VS BEXRERX?

N
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= http://en.wikipedia.org/wiki/History_of_the_electric_vehicle

= The invention of the electric vehicle is attributed to various pecple.
In 1828, Anyos Jedlik, a Hungarian who invented an early type of
electric motor, created a tiny model car powered by his new motor.

= In 1834, Vermont blacksmith Thomas Davenport, the inventor of the
first American DC electrical motor, installed his motor in a small
model car, which he operated on a short circular electrified track.

= In 1835, Professor Sibrandus Stratingh of Groningen, the
Netherlands and his assistant Christopher Becker created a small-
scale electrical car, powered by non-rechargeable prima

= An electric-powered two-wheel cycle was put on display at the 1867
World Exposition in Paris by the Austrian inventor Franz Kravogl.

= In November 1881, French inventor Gustave Trouvé demonstrated
a working three-wheeled automobile at the International Exhibition
of Electricity in Paris.

= English inventor Thomas Parker, who was responsible for
innovations such as electrifying the London Underground, overhead
tramways in Liverpool and Birmingham, and the smokeless fuel
coalite, claimed to have perfected a working electric car as early as
1884.

= Ferdinand Porsche's design and construction of an all-wheel drive
electric car, powered by a motor in each hub, which also set several
records in the hands of its owner E.W. Hart. )




m R

s FRIEEML ARERAHEEE
m ZRERH S| EH AT A R
» REREREANE

n RETSENEENHE
= HTIBEEATHEENER
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m Frost & Sullivan, a business research and consulting
firm, estimates that by 2075, there could be as many as
1.2 Million 4-Wheel Drive Electric Vehicles sales
globally.

m Pike Research, a Cleantech Market Intelligence Firm,
estimates that by 2075, the United States will have more
than 1 Million Charging Stations in the field with China
supplying nearly half of the 7.5 Million Charging Stations
globally.

m The state of Hawaii alone is looking to have 700K
charging stations established by 2072.

U
UNIVERSITY
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» ERERERHSENTR
- BEHABR100 HPRE D SEE , 415100 KM

- BEEERIEER 75 KWH
« BUEERE (110V/20A2KVA) TR BHIRI0N R

« LLTRAE (380V/TOA25KVA) TR EHNEINE
- MBEZEFSHERIE , EEI00 KVANELR

- 300 KVAEZ K ?
o —EMEER AR BAVIBAE AR (LAY E DA RO0OMVA | tHRERERAH

£ R R (3000 M R T2
 EREAEHERENTEREEREEREMRAREREE

Do s i hn
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n JBERFRRAEDBUN  SERTIRENENRE
HPEURSELRE  AMTERBETRELZES.

- EHEASHNASEEMREEI T ORATAL

, B

RABENBLER , AATEBREHARRZ , B2

BOHELTFERES.

« ERETWHEAEER CREMAETHE  BRFRETRE

ELEMIBFEE Bl AR B RARAEET.

= BRIEESOHANBERRLA LIRVABEDTKRN10% ,
2 EPHCERVER T RNE2BERERTRI40% -

60%
- HUTBLRRERFREDEXTERRERE AT ?
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IRBELEMIE?
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m Fire?

Electric Shock?
Explosion?
Road accident?
City black out?
Airplane crash?

ChttpcamipCs g.us/images/N748UP DC-8_6.jpy
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s RAAERSSEAEE , FUERZERTRY  HERILERA
s THEMAERERBACHE &

- FHREBLHNRKE  FEHR | RRNEHERNEERET .

- ZEBENRIERENER 6 KEBE K EtSRRBNEMR.

- ITHEERAN HEEER , TEEROE  HEEEE.

- IfEREREHEREAHENEE. ANERRNBLEBENARERLHE.

- BEMAERE FRERHELEAEEAMNEE  UEHRGEEMNBRTE (BENER
ERRETVHIARSTEE ).

=

Charge Characteristics

. e
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» —MRHNFTREZLER. BB, o
&I ( Non-hazardous , Class

) NEER
— 30VDC maximum , 8A maximum J“""”""’c’"e'“("'_m
and 100W maximum ! ! 1 Conjust feelit

Trip seting for GFCI**

o ORI BABGESS
FARRR LR | |

7 5-wott Cheisimas ree bght

12-wom electric shaver:

100-won lightbulls
1000 -wat how dryer

* A milliomp is 1/1000th of an ampere, a measure of electricol curreat.

** A GFCl is o ground foult circuit interrupler, o device that proteds
‘ogains! serious shock.

» ERESREETIOTEREREEEELENMETEERE
- XHEHAETENBEEREES16.78 nQ m,
- WMRHEA—HF2 mik, 1 cmERH MR

- fARERES

-+ 18,780 m * 10-9* 2 m = (0.01 m * 0.01 m * 3.14 + 4) ~ 0.004275 Q
« BEEI0ARI00 EHEELRES

« W= I2*R =300 A* 300 A*0.004275 Q ~ 400 Joule
. %ifféﬁﬁPVCfﬁ%#ﬁﬁ%%ﬁ , BRESWEEERN2em , HEX

- BEAGESEHAEES (1.2cm*1.2cm —1cm*1cm)*3.14 + 4~
200cm~70g
- PVCHILEESTR0.9 JigK |, FTE400JM BT LISEPVCESE EH 400
joule + 70 g+ 0.9 J/gk ~B.5°C (ZETMLEES ! | )
- MRBLHFHEREEMEZSTE  ERERETRBL—¥K
(EEA) , PVCEREETSE
C RIBEIRER  ELRERAME DAMPEESR13 BRELH
EAETEGEF 125 (~ 80°C) , PVCHEEEEBLAER | |
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B %% (mechanical) - DOT

FERHERZE (electrical) - NEC

EHER S (electrical) — UL/SAE

EFEZR S (mechanical) - SAE/FMVSS

EWAME -FCC?

EARE -1S07

HIE{TEE MBI 5 - DOE/EPA?

Eith - B/ £ ERTEAEIE/BEE/E W B EER - ?
B E/RIREES - 2
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Energy aneratnr Controls Personnel
UL 1703 Flat PV -
UL §703 CPV UL sps1cE Protection
UL 6141 Large WT e Sy stems
UL 6142 S0 WT UL 1998 Software
T UL 60730 Module UL 2231
Inverter/
co nv::t& LT. Meter
UL1741 for PY Accessories G
UL 6171 for WT DLER02A UL 2735 Meler

h

] AC Plugs,
A Gl’ldt ‘ Charging Receptacles, &
on;lscc ion Station Coupler
UL 2594 UL 2251

UL

UNIVERSITY
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Tednans Control Panel Personnel
UL 1703 Flat PV UL 508 ICE Protecti
i - otection
UL 8703 CPV TL 591 PLC
CEE S UL 1998 Software Systems
UL 6142 5&M WT T 60730 Module b
]
Converter LT. UINE;?ETE 1
UL 1741 for PV Accessories Hhira
UL 6171 for WT TL 60850 UL 2735 Meter
]
Energy DC
Hersy gy 2 N Plugs, Receptacles,
Stoage Converter Charging Reee i
il St UL 1741 HELH UL 2251
UL, 2594/UL 2202

AC
Plugs, Receptacles,
& Coupler
UL 2251

nc
Plugs, Receptacles,
& Coupler
UL 2251

VERSITY




m Article 625 under the NEC covers the conductors and
equipment external to the electric vehicle. Based on the
connection between the EV and the grid through the
Charging System Equipment, there is a need for
products to be certified to safety standards and the
development or revision of additional standards for both
the infrastructure and products outside of the vehicle
and as well as components within the vehicle.

@ the standard in safety

ARTICLE 625
Electric Vehicle Charging System

I. General

625.1 Scope. The provisions of this article cover the elec-
trical conductors and equipment external to an electric ve-
hicle that connect an electric vehicle to a supply of electric-
ity by conductive or inductive means, and the installation of
equipment and devices related to electric vehicle charging.

@ the standard in safety
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» ARTICLE 511 Commercial Garages, Repair and
Storage
— 511.3 Area Classification, General.

+ Where Class | liquids or gaseous fuels are stored, handled, or
transferred, electrical wiring and electrical utilization equipment
shall be designhed in accordance with the requirements for Class |,
Division 1 or 2 hazardous (classified} locations as classified in
accordance with 500.5 and 500.6, and this article. A Class |

location shall not extend beyond an unpierced wall, roof, or other
solid partition that has no openings.

= (A) Parking Garages.

= Parking garages used for parking or storage shall be permitted to be
unclassified.

* {B) Repair Garages, With Dispensing.

= Major and minor repair garages that dispense motor fuels into the fuel
tanks of vehicles, including flammable liquids having a flash point
below 38°C (100°F) such as gasoline, or gaseous fuels such as
natural gas, hydrogen, or LPG, shall have the dispensing functions
and components classified in accordance with Table 514.3(B)}(1) in
addition to any classification required by this section. Where Class |
liguids, other than fuels, are dispensed, the area within 200 mm (3 ft}
of any fill or dispensing point, extending in all directions, shall be a
Class |, Division 2 location.

= (C) Major Repair Garages.

* Where flammable liquids having a flash point below 38°C (100°F) such
as gasoline, or gaseous fuels such as natural gas, hydrogen, or LPG,
will not be dispensed, but repair activities that involve the transfer of
such fluids or gases are performed, the classification rules in (1), (2),
and (3) shall apply

19



= (A) Battery Charging Equipment.
— Battery chargers and their control equipment, and batteries being
charged, shall not be located within locations classified in 511.3.
s (B) Electric Vehicle Charging Equipment.
— (1) General.
+ All electrical equipment and wiring shall be installed in accordance with
Article 625, except as noted in 511.10(B)(2) and (B)(3). Flexible cords shall
be of a type identified for extra-hard usage.
— (2} Connector Location.
* No connector shall be located within a Class | location as defined in 511.3.
— (3} Plug Connections to Vehicles.

* Where the cord is suspended from overhead, it shall be arranged so that
the lowest point of sag is at least 150 mm (6 in.) above the floor. Where an
automatic arrangement is provided to pull both cord and plug beyond the
range of physical damage, no additional connector shall be required in the
cable or at the outlet.

@ the standard in safety
UNIVERSITY

® 511.12 Ground-Fault Circuit-Interrupter Protection for
Personnel.

— All 125-volt, single-phase, 15- and 20-ampere receptacles
installed in areas where electrical diaghostic equipment,
electrical hand tools, or portable lighting equipment are to be
used shall have ground-fault circuit interrupter protection for
personnel.

@ the standard in safety
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= ARTICLE 514 Motor Fuel Dispensing Facilities

— (A) Unclassified Locations.

« Where the authority having jurisdiction can satisfactorily determine
that flammable liquids having a fiash point below 38°C(100°F),
such as gasoline, will not be handled, such location shall not be
required to be classified.

— (B) Classified Locations.

+ {1) Class | Locations.
= Table 514.3(BX1) shall be applied where Class | liquids are stored,
handled, or dispensed and shall be used to delineate and classify
motor fuel dispensing facilities and commercial garages as defined in
Article 511. Table 515.3 shall be used for the purpose of delineating
and classifying aboveground tanks. A Class | location shall not extend
beyond an unpierced wall, roof, or other solid partition. [30A:8.1, 8.3]

- (2) Compressed Natural Gas, Liquefied Natural Gas, and Liquefied
Petroleum Gas Areas.

7
UNIVERSITY

- 514.4 Wiring and Equipment Installed in Class | Locations.
= All electrical equipment and wiring installed in Class | locations as

classified in 514.3 shall comply with the applicable provisions of
Article 501.

» Exception: As permitted in 514.8.
— 514.7 Wiring and Equipment Above Class | Locations.
= Wiring and equipment above the Class | locations as classified in
514.3 shall comply with 511.7.
- 514.16 Grounding and Bonding.

+ All metal raceways, the metal armor or metallic sheath on cables,
and all non—current-carrying metal parts of fixed portable electrical
equipment, regardless of voltage, shall be grounded and bonded.
Grounding and bonding in Class | locations shall comply with
501.30.

21



s UL 2202

— This category covers conductive and inductive charging system
equipment, intended for use with electric vehicles. The
equipment can be located on or off board the vehicle. Off-board
equipment is intended for indoor or outdoor use, rated 600 V or
less and is intended to be connected to the vehicle by means of
a flexible cord and an electric vehicle connector.

@ the standard in safety Ul_
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= 48 Leakage Current Test = 55 Flanged Bobbin Transformer Abnormal Test
= 49 Leakage Current Test Following Humidity = 56 Strain Relief and Flexing Tests
Cenditicning — 58,1 Strain relief
= 50 Power Input Test - 58.2Flexing
= 51 Temperature Test m 57 Grounding Impedance Test
= 52 Dislectric Voltage-Withstand Test = 58 Overcurrent Protection Calibration Test
- 52,2 Maximum-voltage measursments = 59 Strength of Terminal Insulating Base and
- 52.3 AC and DC power circuits Support Test
— 524 Secondarycircuits = G0 Bonding Conductor Test
— 52.5Induced potential ® 61 Impact on Glass Covered Openings
= 53 Vaolt-Ampers Capacity Measurement = 62 Evaluation of Reduced Spacings on Printed-
= 54 Abnormal Tests Wiring Boards
—  54.2 Transformer burnout test — 822Shoredtrace test
—  54.3 Transformar overload test = 83 Heat Sink Temperature Cycling Test
— 544 Shortcircuit test = B84 Tests for Permanence of Cord Tag
- 54.50vercharge test — 842 Testconditions
—  54.6 Capacitor fault test — 843 Testmethod
~  54.7 Foreed ventilation test w65 Tests on Transformer Insulating Materials

—  54.8 Component short- and open-circuit test
—  54.9 Electrolytic capacitor fault test
— 54,10 Vibration test

66 Bus Bar Tests
= 87 Harmonic Distortion Test

@ the standard in safety

UNIVERSITY




s UL 2231-1/2

— This category covers ground-fault protective devices, such as
charging circuit interrupting devices and isolation
monitor/interrupters, intended for use with electric vehicle
charging systems. A charging circuit interrupting device is one
whose function is to detect ground fault current or other
conditions that may be hazardous and cause interruption of the
electric circuit to the charging system or the vehicle when a fault
occurs. It may also function under other hazardous conditions,
such as when an open-ground is detected.

] 18 Humidity Conditioning
L] 19 Leakage Current Test
L] 20 Conditioning Tests
—  20.2 Impact tests
—  20.3 Drop tests
- 20.4 Shock and vibration test
L] 21 System Operational Test Reguirements
- 21.2 Ground-fault trip threshold
-  21.3 Interrupting time
— 214 High-resistance ground fault test
- 21.5 Second neutral ground
- 2.8 Tests for isclation monitorfinternupters
- 21.7 Tests for ground monitor/internupter
L] 22 Resistance to Environmental Noise Test
— 222 Harmonic distortion immunity
-  22.3 Electrostatic discharge immunity
— 224 Radiated electromagnetic field immunity

23 Nommal Temperature Test

24 Dielectric Voltage-Withstand Test

25 Qverload

26 Endurance Test

27 Low-Resistance Ground Fault Test

28 Supervisory Circuit Test

29 Abnormal Operations Test

30 Extra-Low-Resistance Ground Fault Test

31 Shont Circuit Test

32 Terminal Lead Strain-Relief Test

33 Power-Supply Cord Strain-Relief Test

34 Mechanical Tests

35 Cable Flexing Test

35A Accessible Conductive Parts With Double Cr
Reiniorced Insulation Bridged By Components

[ ] 35B Switched Equipment Grounding Conductor Tests
—  35B.1 Switched equipment grounding conductor —

- 22.4A Immunity to conducted disturbances, induced contact switching sequence
oy RF fields - 35B.2 Switched equipment grounding conductor —

—  22.5 Electrical fast transient immunity mechanical endurance test

—  22.8 Voltage dips, short interruptions and voltage —  38B.3 Switched equipment grounding conductor —
variations immunity ground fault test

-  22.7 Magnetic field immunity n 35C Leakage Cancellation Tests

—  22.8 Gapacitor switching transient test -~ 35C.1 Class A GFCI masking

— 229 Voltage surge test M 35D Dust Test

23



November 5, 2009

SUBJECT 2594

OUTLINE OF INVESTIGATION
FOR

Electric Vehicle Supply Equipment

Issue Number: 1
November 5, 2009
SUMMARY OF TOPICS

This First Issue of Subject 2594, Outline of Investigation for Electric
Vehicle Supply Equip 13 quil for electric vehicle (EV)
pply equip , rated a um of 250 V ac, with a frequency of

60 Hz, and intended to provide power to an electric vehicle with an
on-board charging unit and intended for use where ventilation is not
required.

@ the standard in safety

1.1 This outline covers electric vehicle (EV) supply equipment, rated a maximum of 250 V ac, with a
frequency of 60 Hz, and intended to provide power to an electric vehicle with an on-board charging unit.
This outline covers electric vehicle supply equipment intended for use where ventilation is not required.

1.2 With reference to 1.1, the products covered by this outline include EV cord sets and EV charging
stations. EV cord sets may be designated as portable cord sets or stationary cord sets and may be
designated for indoor or outdoor use. EV charging stations may be designated as either movable or
permanent charging stations and may be designated for indoor or outdoor use.

1.3 The products covered by this outline are intended for use in accordance with the National Electrical
Code (NEC), ANSI/NFPA 70.

1.4 This outline does not cover cord sets or power supply cords for applications other than EV charging
cord sets. Cord sets and power supply cords are covered by the Standard for Cord Sets and Power
Supply Cords, UL 817. EV Cables are covered by the Standard for Flexible Cords and Cables, UL 62, and
the Reference Standard for Electrical Wires, Cables, and Flexible Cords, UL 1581.

1.5 With reference to 1.2, this outline does not cover electric vehicle charging units. These products
provide an output that is delivered directly to charge an on-board battery pack. These products are
covered by the Standard for Electric Vehicle (EV) Charging System Equipment, UL 2202.

1.6 This outline does not cover electric vehicle connectors, which are covered by the Standard for Plugs,
Receptacles, and Couplers for Electric Vehicles, UL 2251.

@ the standard in safety
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44 Leakage Current Test 50 Abnormal Tests
= 45 Leakage Current Test — 50.2 Transformer burnout test
Following Humidity Conditicning — 50.3 Transformer overload test
= 46 Input Test — 50.4 Short circuit test

— 50.5 Capacitor fault test

— 50.6 Forced ventilation test

— 50.7 Component fault tests

— 50.8 Electrolytic capacitor fault

m 47 Temperature Test
= 48 Capacitor Discharge Test
= 49 Dielectric Voltage Withstand

Test . fest
= e e R - 50.9 Vibration test
_ 493 AC and DC power circuits = 51 Flanged Bobbin Transformer
{primary) Abnormal Test
— 48.4 Secondary circuits = 52 Gtrain Relief Tests
— 49.5 Induced potential — 52.2 Pull strain relief test

— 52.3 Push back strain relief test

@ the standard in safety
UNIVERSITY

53 EV Cable Secureness Test 62 Mounting Means Test
= 54 Grounding Tests = 63 Strength of Handles
— 54.1 Ground impedance test = 64 Mold Stress Test
— 54.2 Ground continuity test s 65 Fnvironmental Tests
= 35 Impact Test ~ 5.2 Drip test
= 56 Vehicle Drive Over Test — 85.3 Dust test
= 57 Drop Test — 65.4 Indoor settling dust test
= 58 Strength of Terminal Insulating — 65.5 Indoor circulating dust test
Base and Support — 65.6 External icing test

— 65.7 Hosedown test

= 59 Impact on Glass Covers
— 65.8 Indoor corrosion protection

= 60 Bonding Conductor Tests
— 60.2 Current test
— 60.3 Limited short circuit test
= 61 Evaluation of Reduced
Spacings on Printed Wiring
Boards

@ the standard in safety
UNIVERSITY
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65.9 Qutdoor corrosion 68 Harmonic Distortion

protect|on = 69 Metallic Coating Thickness
— 65.10 Additional corrosicn Test
protection

= 70 Comparative Tracking
Index Test

= 71 Glow Wire Test

® 72 High Current Arc
Resistance to Ignition Test

= 73 Overcurrent Protection
Calibration Test

— 65.11 Submersion test
— B65.12 Pressure test
— 65.13 Gasket test
— 65.14 Water exposure test
- 65.15 UV exposure
— 65.16 Chemical exposure
m 66 Tests for Permanence of
Cord Tags
m 67 Tests on Transformer
Insulating Materials

= 1.1 These requirements cover nickel, lithium ion, and lithium ion
polymer cells, cell modules, and battery packs for use in battery-
powered vehicles as defined in this Outline.

= 1.2 This outline of investigation evaluates the cells, cell modules,
and battery pack’s ability to safely withstand simu/ated abuse
conditions. This outline of investigation evaluates cells, cell
modules, and battery packs based upon the manufacturer’s
specified charge and discharge parameters. It does notevaluate
the battery pack’s inferactionwith other control systems within the
vehicle.

= 1.3 This outline of investigation does not evaluate the performance
or reliability of these devices.

U
UNIVERSITY
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= Electrical Test

8 Overcharge test

9 Short circuit test

10 Partial short circuit test
11 Over-discharge

12 Charge/system
compatibility test

13 Imbalanced pack test

14 Reverse charge test

15 Dielectric withstand test
16 Insulation resistance test
17 Abnormal operation tests

Mechanical Tests

18 Rotation test

19 Vibration endurance test
20 Shock test

21 Drop test

22 Nail penetration test

23 Crush test

Environmental Tests

24 Resistance to moisture test
25 Thermal Abuse

28 Projectile (Module}

27 Low Temperature

s UL 62

— This category covers electric vehicle cable Listed for use in
accordance with Article 400 of the NEC. The insulation and
jacket are of thermoset material for Types EVJ and EV,
thermoplastic elastomer (TPE) for Types EVJE and EVE, and
thermoplastic (PVC) for Types EVJT and EVT. The cable is
used to supply power, signal, and control to electric vehicles
during the charging process. Electric vehicle cable employs
flexible stranded copper conductors in a size range of 18 AWG

to 500 kcmil.

U
UNIVERSITY
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s UL 2251
— Insulating Materials {Sec 8)
— Nonmetallic Enclosures (Par 10.3)
— Performance Tests (Secs 24 — 29)
= UL 2580
— Electrical
—  Flammability
— Thermal Properties
— Outdoor Use
— Gaskets and Seals
s UL 2271
— Thermal Properties
— Outdoor Use
— Gaskets and Seals
= UL2231-1and -2
- BEEAARHREBRER

@ the standard in safety

m The EV Project

— http://www.theevproject.com/partners.php

s Project Get Ready

— http://projectgetready.com/category/partners

s ‘-._,-,_ e e
¥ o L
ot 4 5

@ the standard in safety { i
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s UL 2202 (Chargers)

-~ AEROVIRONMENT INC
- FFTG.E189046

—~ EBUS INC
- FFTG.E249593

— ELECTRIC TRANSPORTATION ENGINEERING
* FFTG.E175032

- TOYOTA INDUSTRIES CORP
- FFTG.E176041

@ the standard in safety

UL

UNIVERSITY

m UL 2231 (Personal Protection Equipment)
— PANASONIC CORPORATION
+ FFUQ2/ FFUQ2.E333831
- DIPL-ING W BENDER GMBH & CO KG
* FFUQ2.E193871
- TECHNOLOGY RESEARCH CORP
+ FFUQ2.E174400

@ the standard in safety

UL

UNIVERSITY
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m UL 2251

- AVCON CORP
« FFVI2.E176673

- BMW OF NORTH AMERICALLC
« FFVI2.E324315

— DELPHI CORP
- FFVI2.E337206

— ITT CORP BIW CONNECTOR SYSTEMS
« FFVI2.EZ231479

- ITTVEAMLLC
+ FFVI2.E330720

- REMAUSALLC
- FFVI2.E338388

- YAZAKI PARTS CO LTD
+ FFVI2.E176488

@ the standard in safety
UNIVERSITY

s UL2594 — GENERAL ELECTRIC CO
— AEROVIRONMENT INC - FFWA E338792
- FFWA.E336193 — LEVITON MFG CO INC
— AVCON CORP - FFWA.E336847
+ FFWA.E194089 — PANASONIC CORFPORATION
— CLIPPERCREEK INC - FFWA E336867
- FFWA.E325742 — PANASONIC ELECTRIC
— CLIPPERCREEK INC WORKS CO LTD
+ FFWA.E162210 - EFWA E310488
_ COULOMB TECHNOLOGIES — SCHNEIDER ELECTRIC USA
INC INC
.+ FFWA.E328478 - FFWA.E338178
— ELECTRIC TRANSPORTATION - SIEMENS ENERGY INC
ENGINEERING - FFWA.E341456
CORP

+ FFWA.E341977

@ the standard in safety
UNIVERSITY
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UNIVERSITY

@ the standard in safety

Thanks for your attention!!

Let's seek a better future with EV!!
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M Single Phase - 230V - 13A/ 16A
M Single Phase - 230V - 32A
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®IEC62196-2 Type 1

/SAEJ1772 Eiﬁﬂ%

HIEC62196-2 Type2

il Other / Not specified

B IEC 62196-2 Type 2
@ Domestic plug
i Other / Not specified
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- 129 in San Francisco and Bay Area
- 186 in Los Angels County
- Inductive and conductive are mixed
- Qutput power is around SkW
- Charging time is around 2hrs for 70km
- Price is about $3,000 without installation cost.

i Nevada
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ELECTRIC VEHICLE FAST CHARGE SPOTS

Level of Infrastructure for

a target of 2000 EV cars in Ireland.
- 1500 Public charge points

- 2000 At-home charge points

- 29 Fast charge points

Yt

29 Fast Charge spots selected and
located at approx. 60km distance
from each other

P o, g (=3 ERIAGHE: Circontrol
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Drive mileage in October 2007 was Drive mileage in July 2008 was drastically

203km. increase to 1472km.
Driver understood EV performance Quick charger removes drivers range
but they were reluctant to use it. anxiety effectively.
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, For public use

* For private use Greater Tokyo Area
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C I EM S

BYD F3DM (U S.)

Chevy Volt

o h], Production
BYD F3DM i-MIEV “ nf
Chical (I.J‘a[;anl Connect EV PHEI"_I Unconfirmed Plans
| For EV, PHEV
(evn) ,’ Focus EV / W)
\ [IETET / TOYOTA

——

/2009 \ 2010 2011 [‘\ 2012 \20‘!3 2014

‘T-II.H‘ - f— ’

-r,r e LA o S—
. . - M-Hn- ﬂ-‘
Ny Mini E L I-MiEV £y acted Lafinch

Tesla Roadster w::;", PHEV SUV (U.8.) PHEV, EV
Nissan Leaf
EkzE : FORD, Rich Scholer
[ |
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~ CHAdeMOB& 3222 7

Receiving CHAdeMO specification
v
Question & answers
\;L\_/L,./
Design work/Prototype
Application for certification
with submitting schematic to CHAdeMO

.

Self checking before certification test
\.I\w‘/[(’
Certification test
‘i_\/“?*
Pass/Falil LAl A B CHAeMO
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- DcQc Signal line
be 4 o Vehicle
= >
Power line
Voltage | Current Relay
Measuring system m::> Need analysis to
CAN get outcome
Test bench provide “Graphic
Input outcome” automatically
Future @ pDcQc Signal line
i f Test bench
Power line

B
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BT

Hasetec

Fuji

Takaoka

50. X Base Station

Takasago  Nittetsu Elex Kyuki
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Japan

us

Germany

China

CHAdeMO

COMBO of AC type 1

COMBO of AC type 2

DC dedicated

Communication method and protocol (IEC 61851-24)

Japan US/Europe China
CAN PLC | In-band CAN
B E . CHAdeMO
S

HEEASRAE A AR T W

BLH

Y TATwWAN ELECTRIC RESEARCH & TESTING CENTER F-
[

EU (IEC-62196)
Single
Phase
AC
| Phase -, )
or ;:131 '
3 phase = ¢ _
Type 2 Mode | Type? All Modes
I Phase Ir'l.-{';;@_ i) ;\:1_' .-’Cr;:la—;:i&:‘,l
| "@1 - = { ‘-@1 |
& \Loreey/ A\Sclice
3 phase g2 Sessis
Type 3 Mode | Type3All Modes
DC
200A Type 2
350A ¥ 08 “Hybrid’
Mode 3 “Hybrid” | CHAdeMo kA E INL
-
£ 16 H
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BT ERH
1990'3 ! | : 2009 ]
A

= i New VersionX
i CHAdeMO

Since 1993 - 2 Edition nls

CHAdeMO
1t Edition 1E -

CHRdeMO
DCo6ooV,150A

DC500V 120A
Destination : EUJ,US

August 2010

Destination : Japan Certification

DC600V,150A ®
Destination : Japan C € m
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LED is lighted during
charging.

—
—>

If connected correctly,
release button is jumped out
and the color band appears.
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Mating detecting window
Body cover (Plastic) = -

Mating lock

Grip (Plastic)

}Iatiug_guide

Mating guide

Mating area

(Aluminum die-cast) Lock-release button

General: JEVS G 105(1993) compliant LED lamp

« Power Supply: 2 pins

+ Signal: 7 pins

+ Rated Voltage: 500V(power)
« Rated Current:150A(power)

+ Durability:10000 times
| =

F19H
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TAIWAN ELECTRIC RESEARCH & TESTING CENTER -
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LATCH  MAIN BODY )

| for locking B - -
—L = -

<

ESLIDE SWITCH
-~ (for release)

PLU

| Connector with 1

. Retractable Contacts, /
h inside -~

‘: HANDLE \

1) Single Action to Plug-In.

2) Ensure that “OK” sign appears
at Slide Swiich.

3) Push Forward the Slide Switch
to Disconnect

"’ LED
Pilot LAMP

.\I
L

# Color Just shown Sample | \_._‘l_-:_l‘l_EIIbIE.' CABL___E..-
e
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1. IEC/TC69/PT61851---23: d.c. electric vehicle
charging station

2. IEC/SC23H/PT62196---3: dimensional
interchangeability requirements for pin and
contact---tube coupler for dedicated d.c. charging

3. IEC/TC69/PT61851---24: control communicalon
protocol between off---board d.c. charger and

electric vehicle
[ : B |
E2H
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[SO/TEC Road vehicles — Communication protocol between
electric vehicle & grid - Document structure

ISO/ IEC 15118 Vehicleto grid | 1SO/ IEC 15118 Vehicle to grid &
communication interface : communication interface
& Part 1: General information and use- : Part 2: Technical protocol
: description and Open
R Systems lntercur_‘mections
Similar to il (OSI) layer requirements
. SAE J2836™ |

Similar to
SAE J2847

@
%

# ISO/ IEC 15118 Vehicle to grid
Similar to ' communication interface
SAE J2931 i Part 3: Wired physical and data
i link layer requirements

TER i
g
i EE:

'+

o
iEe

%El

&l E - FORD, Rich Scholer
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— ~ SAERE#
* J2836/2™ -- DC Use cases and general info
« J2847/2 -- DC Messages and detail info — Messages and
signals mature, finalizing sequence and state
diagrams
* J2931/1 ---Digital Communicalons for Plug---in Electric
Vehicles — Communical on requirements and

protocol (AC & DC)
* J2931/2 ---Inband Signaling Communicalon for Plug---in
Electric Vehicles
*J2931/3 -- PLC Communical on for Plug---in Electric
Vehicles

mg BB kA G ATl
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=282 J2836/1™

J2847/1
Utility Programs

J2836/4™
J2847/4
Diagnostics

SAERZER
e

J2836/5™ i

e
J2847/5 URC
Customer ;i r

Interface

J2836/2™
J2847/2

%f;;: ,%er J2836/3™
- J2847/3
Inband Signaling
< Analog modem Reverse
& Digital mode Energy Flow

=585 - FORD, Rich Scholer
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“With more research and incentives,
we can break our dependence on

oil with biofuels, and become the
first country to have a million

electric vehicles on the road by
2015
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