United Nations E CErranswp.20/6RsP2010/

7R\
S

Economic and Social Council bist.: cenera

5 March 2010

Original: English
English and French only

Economic Commission for Europe

Inland Transport Committee
World Forum for Harmonization of Vehicle Regulations

Working Party on Passive Safety

Forty-seventh session

Geneva, 17—

21 May 2010

Item 17 of the provisional agenda
Regulation No. 94 (Frontal collision)

Proposal for 02 series of amendments to RegulaticNo. 94

Submitted by the expert from France

The text reproduced below was prepared by the eXpem France in order to
extend the scope of the present Regulation tointiskof power train systems above a
certain working voltage level. The modifications ttte existing text of the Regulation
No. 94 are based on discussions held during theimgeef the group of interested experts
on Electric Vehicles Post Crash provisions (EVARRaris from 13 to 14 January 2010. It
supersedes Informal document No. GRSP-46-04, loiggd during the forty-sixth session
of the Working Party on Passive Safety (GRSP). Moglifications to the existing text of
Regulation No. 94 are marked in bold or striketigtooharacters.

In accordance with the programme of work of tHard Transport Committee for 2006—-2010
(ECE/TRANS/166/Add.1, programme activity 02.4), ¥Werld Forum will develop, harmonize and
update Regulations in order to enhance the perfoeeaf vehicles. The present document is
submitted in conformity with that mandate.

GE. 1021132 Please recycle@



ECE/TRANS/WP.29/GRSP/2010/20

I. Proposal

Contents,

Insert a new Annex 11 and Appendix 1, to read:

Annex 11- Protection of the occupants of vehicles operaty on electric power from
high voltage and electrolyte spillage.”

Appendix 1 - Protection against direct contacts of parts undevoltage”
Insert new paragraphs 2.6.7., to read:
“2.6.7. [The place of the rechargeable energy storagystem (RESH”
Modify paragraph 2.7, to read:

“2.7. “Passenger compartmewith regard to occupant protection” means the
space for occupant accommodation, bounded by tbk floor, side walls,
doors, outside glazing and front bulkhead and thene of the rear
compartment bulkhead or the plane of the rear-saak supportFor the
sake of protection of occupants from high voltageral electrolyte spillage
according to Annex 11 a different definition (see gragraph 2.32.) is
applied.”

Insert new paragraphs 2.15. to 2.33,, to read:

“2.15. “Electric power_train” means the electrical circuit which includes the
traction motor(s), and may include the RESS, the ettric energy
conversion system, the electronic converters, thessociated wiring
harness and connectors, and the coupling system foharging the RESS,

2.16. “Rechargeable energy storage system (RESSmeans rechargeable
energy storage system that provides the electric ergy for propulsion,

2.17. “Electric energy conversion systefnmeans a system (e.g. fuel cell) that
generates and provides electric energy for electrigropulsion,

2.18. “Electronic_converter’ means a device capable of controlling and/or
converting electric power for electric propulsion,

2.19. “Coupling system for charging the rechargeall energy storage system

(RES9” means the electrical circuit used for charging tle RESS from an
external electric power supply including the vehia inlet,

2.20. “Direct contact’ means the contact of persons with live parts,

2.21. “Live_parts” means conductive part(s) intended to be electridly
energized in normal use,

2.22. “Indirect contact” means the contact of persons with exposed condin
parts,

2.23. “Protection degreé means the Protection provided by a

barrier/enclosure related to the contact with liveparts by a test probe,
such as a test finger (IPXXB) as defined in Appengil of Annex 9.
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2.24. “Exposed conductive part means the conductive part which can be
touched under the provisions of the protection degre IPXXB, and which
becomes electrically energized under isolation faite conditions,

2.25. “Electrical circuit” means an assembly of connected live parts whicls i
designed to be electrically energized in normal opation,

2.26. “Working voltage” means the highest value of an electrical circuit
voltage root-mean-square (rms), specified by the mafacturer, which
may occur between any conductive parts in open ciuit conditions or
under normal operating conditions. If the electrica circuit is divided by
galvanic isolation, the working voltage is definedior each divided circuit,
respectively.

2.27. “Electrical chassis means a set made of conductive parts electrically
linked together, whose potential is taken as referee,

2.28. [“Protection Barrier / Protection Shielding / Shielding / Barrier-el/ High
Voltage Protectior]” means the part providing protection against direct
contact to the live parts from any direction of acess,

2.29. “Enclosure¢’ means the part enclosing the internal units and pviding
protection against direct contact from any directio of access,

2.30. “High Voltage’ means the classification of an electric componenor
circuit, if its working voltage is > 60 V and< 1500 V DC or > 30 V
and < 1000 V AC root — mean - square (rms),

2.31. “High Voltage Bus means the electrical circuit, including the couping
system for charging the RESS that operates on higloltage,
2.32. “Passenger compartmentor electric safety assessmehtmeans the space

for occupant accommodation, bounded by the roof, dlor, side walls,
doors, window glass, front bulkhead and rear bulkhead, or rear gate, as
well as by the barriers and enclosures provided foprotecting the power
train from direct contact with high voltage live parts,

2.33. “Solid insulator’ means insulating coating of wiring harnesses praded
in order to cover and protect the live parts againsdirect contact from
any direction of access; covers for insulating théve parts of connectors;
and varnish or paint for the purpose of insulation’

Insert a new paragraph 3.2.6., to read:

“3.2.6. General description of the RESS type and pation] and the electric
power train (e.g. hybrid, electric)’

Paragraph 5.2., amend to read:

“5.2. Specifications
The test..at the same time.

[Vehicles equipped with electric power train shallmeet the requirements
of paragraph 5.2.8. in addition. This could be demustrated in a separate
crash test at the request of the manufacturer, give that the electric
components do not influence the occupant protectioperformance of the
vehicle type as defined in paragraphs 5.2.1. to 53 of this Regulation.]
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Insert new paragraphs 5.2.8. t0 5.2.8.3., to read:

“5.2.8.

5.2.8.1.

5.2.8.1.1.

5.2.8.1.2.

5.2.8.1.3.

5.2.8.1.4.
5.2.8.1.4.1.

5.2.8.1.4.2.

5.2.8.2.

The electric power train operating on high eltage as well as the high
voltage components and systems which are galvanigatonnected to the
high voltage bus of the electric power train shallmeet the following
requirements:

Protection against electrical shock

After the impact at least one of the following crieria specified in
paragraphs 5.2.8.1.1. to 5.2.8.1.4.2. shall be mét.the vehicle has an
automatic disconnect function, at least one of theriteria shall apply to
each divided portion individually after the disconrect function is
activated.

Absence of high voltage

The voltage of the high voltage buses shall be edua less than 30 VAC
or 60 VDC.

Low electrical Energy
Energy on the high voltage buses shall be less thar2 Joules.
Physical protection

For protection of live parts, the protection degreelPXXB shall be
provided.

In addition the resistance between all exposed coundtive parts and the
electrical chassis shall be lower than 0.1 ohm whehere is current flow
of at least 0.2 amperes.

This requirement is satisfied if the galvanic conngtion has been
established by welding.

Isolation resistance
Electric power train consisting of sepate DC- or AC-buses

If AC high voltage buses and DC high voltage busesre galvanically
isolated from each other, isolation resistance bewen the high voltage
bus and the electrical chassis shall have a minimuwelue of 100Q/volt

of the working voltage for DC buses, and a minimunvalue of 500Q/volt

of the working voltage for AC buses.

Electric power train consisting of cohined DC- and AC-buses

If AC high voltage buses and DC high voltage busesgre galvanically
connected isolation resistance between the high taje bus and the
electrical chassis shall have a minimum value of B0Q/volt of the
working voltage.

However, if the protection degree IPXXB is satisfié for all AC high
voltage buses or the AC voltage is equal or lessath 30 V after crash,
isolation resistance between the high voltage busna@ the electrical
chassis shall have a minimum value of 10Q/volt of the working voltage.

Electrolyte spillage

In the period from the impact until 30 minutes afte, no electrolyte from
the [RESS] shall spill into the passenger compartnmg, and no more than
[7 per cent / 5.0 liters] of electrolyte shall spilfrom the [RESS] outside
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the passenger compartment. If the electrolyte spdlge mixes with other
fluids leaking from the vehicle and the liquids canot be clearly
distinguished the total leakage shall be considerezlectrolyte spillage

5.2.8.3. [RESS] retention

[RESS] located inside the passenger compartment dhaemain in the
location in which they are installed and [RESS] coiponents shall remain
inside [RESS] boundaries.

No part of any [RESS] that is located outside the agssenger
compartment shall enter the passenger compartment wting the test
procedures’

Annex 1,

Communication,

Insert a new paragraph 5.3., to read:

“5.3. Location of the electric POWEr SOUICE.....coeeeeeeeeieieeeeeeeeeeeeeeeeeeen e
Annex 3,

Paragraph 1.4.1., amend to read:

“1.4.1. General specification

The test vehicle.under paragraph 6.

At the request of the manufacturer it shall be alleved to perform the test
with the engine or electric energy conversion syste running and to
allow for the fuel system to be modified in such away that an
appropriate amount of fuel can be used.

Paragraph 1.4.2.2., amend to read:

“1.4.2.2. The fuel tank shall be filled with water mass equal to 90 per cent of the
mass of a full as specified by the manufacturehwittolerance o 1 per
cent;

Alternative gas (i.e. helium gas) or alternative fuid (i.e. liquid nitrogen
(LN2)) can be used instead of hydrogen gas or liqaihydrogen.

However the requirement of paragraph 5.2.8.1.3. sliabe satisfied for
the hydrogen conversion system disconnected by it@automatic
disconnect when this alternative is usetl.

Insert new paragraphs 1.4.4.to 1.4.4.2., to read:

“1.4.4. Electrical power train adjustment

1.4.4.1. The RESS shall be at any state of chargehish allows the normal
operation of the power train recommended by the maufacturer.

1.4.4.2. [The high voltage system shall be energiz§
Insert a new Annex 11 and Appendix 1, to read:
“Annex 11

Protection of the occupants of vehicles operating no electric power
[against / from] high voltage and electrolyte spikhge



ECE/TRANS/WP.29/GRSP/2010/20

This section describes test procedures to demonsteacompliance to the
electrical safety requirements of paragraph 5.2.8.For example,
megohmmeter or oscilloscope measurements are an appriate
alternative to the procedure described below for masuring isolation
resistance.

The following procedures should be performed for eeh of the specified
crash tests.

1. Test setup and equipment

If a high voltage disconnect function is used, measements are taken
from both sides of the device performing the discarect function.

However, if the high voltage disconnect is integralo the RESS or the
energy conversion system and the high-voltage bu$ the RESS or the
energy conversion system is protected according tdass IPXXB after
crash test, measurements may be taken only downsée of the device
performing the disconnect function.

The voltmeter used in this test shall measure DC Wges and have an
internal resistance of at least 10 M2.

Before the vehicle crash test, measure and recordhé high voltage bus
voltage (Vb) (see figure 1) and confirm that it iswithin the operating
voltage of the vehicle as defined by the manufactar.

2. The following instructions may be used if voltag is measured.

After the crash test, determine the high voltage bsivoltages (Vb, V1, V2)
(see figure 1). If the RESS has exposed conductiparts, measure the
voltage V3 between any exposed conductive parts ibfand the electrical
chassis.

The measurement shall be made at 5 seconds aftésetimpact].

Energy Conversion I Electric Power source
~ . -System Assembly. . — V2 e — e — —

| High Voltage Bus | |
: i

Electric
Power

Cnnirra

Traction System

| ! vi | !
e — —_ q_VS‘]; ........... —_

Electrical Chassis

-

Figure 1: Measurement of Vb, V1, V2,V3
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3. Assessment procedure for low electrical Energy

Prior to the impact a switch S1 and a known dischage resistor Re is
installed according to figure 2. [At 5 seconds] afr the impact the switch
Slis closed while the voltage Vb and the currere is measured and
recorded. The product of the voltage Vb and the cuent le is integrated

over the period of time starting from the moment vhen the switch S1 is
closed (t) until the voltage Vb falls below the high voltagethreshold of

30 V AC or 60 V DC (), resulting in the total energy (TE) in joules.

th
TE = [V, ¥l cit
tc

Electrical Chassis

Energy Conversion

RESS Assembly

i High Voltage Bus

: |Traction System | \/p

Electrical Chassis
Figure 2: Measurement of high voltage bus energy

4. Physical Protection

The manufacturer shall define the physical barriers enclosures and solid
insulators that protect the human from the direct ®ntact with the high
voltage bus in use (hereinafter referred to as the¢original] physical
protection’).

After crash test any surrounding parts of the highvoltage components
that can be opened, disassembled or removed withotite use of tools
shall be opened, disassembled or removed. Only sounding parts that

cannot be opened, disassembled or removed withouig use of tools are
considered as a part of the [original] physical preection.

The access probe described in Appendix 1 figure & pushed against any
openings of the [original] physical protection with the test force
of 10 N #10 per cent If it partly or fully penetrates into the original
physical protection, it is placed in every possiblposition.

Starting from the straight position, both joints of the test finger shall be
successively bent through an angle of up to 90 dexgr with respect to the
axis of the adjoining section of the finger and shikbe placed in every
possible position.
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4.1.

Acceptance conditions

The access probe described in Appendix 1, figure ghall not touch live
parts.

A mirror or a fiberscope may be used in order to ispect whether the
access probe touches the high voltage buses, if esgary.

Isolation resistance

The following instructions may be used if isolation resistance is
measured.

[Before the vehicle crash test, measure and recoitthe high voltage bus
voltage (Vb) (see figure 1). Vb must be equal to ogreater than the
nominal operating voltage as defined by the vehiclmanufacturer.]

[It is allowed to vehicle manufacturer to calculateor simulate this value
instead of measuring this after the crash.]

Measure and record the voltage (Vb) between the native and the
positive side of the high voltage bus (see figurg:1

Measure and record the voltage (V1) between the native side of the
high voltage bus and the electrical chassis (segdre 1):

Measure and record the voltage (V2) between the pitise side of the
high voltage bus and the electrical chassis (segdie 1):

If V1 is greater than or equal to V2, insert a stadard known resistance
(Ro) between the negative side of the high voltadmris and the electrical
chassis. With Ro installed, measure the voltage (Y1between the
negative side of the high voltage bus and the velécelectrical chassis (see
figure 3). Calculate the isolation resistance (Rixccording to the formula
shown. Divide this electrical isolation resistancesalue (in Q) by the
working voltage of the high voltage bus (in volts).

Ri = RO*(Vb/V1’ — Vb/V1) or Ri=Ro*Vb*1/V1 — 1/V1)

Electrical Chassis

Energy Conversion
System Assembly RESS Assembly

High Voltage Bus |

Traction System I RESS

V1 RO

Electrical Chassis

Figure 3: Measurement of V'1
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If V2 is greater than V1, insert a standard known esistance (Ro)
between the positive side of the high voltage busn@ the electrical
chassis. With Ro installed, measure the voltage (Y2between the
positive side of the high voltage bus and the elemal chassis (see
figure 4).

Calculate the isolation resistance (Ri) accordingot the formula shown.
Divide this electrical isolation value (in®) by the working voltage of the
high voltage bus (in volts).

Ri = RO*(Vb/V2' — Vb/V2) or Ri=Ro*Vb*1/V2' - 1/V2)

Electrical Chassis

Energy Conversion I
System Assembly V2 RO RESS Assembly

i High Voltage Bus l

i Traction System I |

Electrical Chassis

Figure 4: Measurement of V2’

NOTE 1: The standard known resistance Ro (inQ) should be
approximately 500 times the working voltage of therehicle (in volts). Ro
is not required to be precisely this value since thequations are valid for
any Ro; however, an Ro value in this range should rpvide good
resolution for the voltage measurements.

The isolation resistance between the high voltageub and the electrical
chassis may be demonstrated by calculation, measument or a
combination of both.

Electrolyte spillage

Appropriate paint shall be applied, if necessary,d the [original] physical
protection in order to confirm the electrolyte is kaking from the RESS
after the collision.
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Add color to other liquid (such as coolant, oil, fel, etc.), if necessary, so
that the electrolyte and other liquid can be clas§ied or separated.

If the electrolyte cannot be clearly identified fran the other leaking
liquids, all liquid shall be considered as the eleéwmlyte.

RESS retention

Compliance shall be determined by visual inspection

Appendix 1
Protection against direct contacts of parts under eltage

Access probes

Access probes to verify the protection of personsgainst access to live
parts are given in figure 1.

Test conditions

The access probe is pushed against any openingstioé enclosure with
the force specified in paragraph 4 of this annex.flit partly or fully
penetrates, it is placed in every possible positiohut in no case shall the
stop face fully penetrate through the opening.

Internal barriers are considered part of the enclosre

A low-voltage supply (of not less than 40 V and natnore than 50 V) in
series with a suitable lamp should be connected, ifecessary, between
the probe and live parts inside the barrier or enabsure.

The signal-circuit method should also be applied tthe moving live parts
of high voltage equipment.

Internal moving parts may be operated slowly, wherehis is possible
Acceptance conditions
The access probe shall not touch live parts.

If this requirement is verified by a signal circuit between the probe and
live parts, the lamp shall not light.

In the case of the test for IPXXB, the jointed tesfinger may penetrate to
its 80 mm length, but the stop face (diameter 50 mm 20 mm) shall not
pass through the opening. Starting from the straighposition, both joints

of the test finger shall be successively bent thrgh an angle of up to 90
degree with respect to the axis of the adjoining sgon of the finger and

shall be placed in every possible position.
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Figure 1: Jointed test finger

Material: metal, except where otherwise specified
Linear dimensions in millimeters

Tolerances on dimensions without specific tolerance
(a) onangles: 0/-10°

(b)  on linear dimensions: up to 25 mm: 0/-0.05 mmwer 25 mm: + 0.2
mm

Both joints shall permit movement in the same planeand the same
direction through an angle of 90° with a 0 to +10folerance’”

11
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Justification

This proposal incorporates provisions in orderrisuge that M vehicles, as defined
in the scope of Regulation No. 94, with power traistems above a certain working
voltage level, comply with general requirementstio electrical safety, for the protection
of occupants after a crash test. The electric&tgabquirements are based on amendments
to Regulation No. 100, Informal document No. GR$P04 distributed during the
forty-sixth session of the Working Party on PassBafety (GRSP) and results of the
discussions at the EVPC informal group meeting reléaris on 13-14 January 2010.

Contents, new Annex 11 and Appendix 1:

A new annex is inserted to cover electrical safeguirements according to the 01
series of amendments to Regulation No. 100.

Paragraph 2.6.7.:

The place of the electrical source(s) has beerodoted in the vehicle type
definition as a new parameter to take into account.

Paragraph 2.7.:

This amendment is necessary regarding the new rjp#sns introduced for the
passenger compartment for pure electrical safepeas which is different from the
original protection of occupants.

New paragraphs 2.15. t0 2.33.:

New definitions used in the proposed amendmentiaested. They are in line with
the current 01 series of amendments to RegulatmnlRO and /or modified specifically for
the electrical safety requirements for crash tests.

New paragraph 3.2.6.:

“Application for approval” is modified to includenformation on the rechargeable
energy storage system (RESS) type and the locefitre electric power train.

Paragraph 5.2.:

The amended paragraph introduce paragraph 5.8 diag electrical requirements
to fulfil for the electric vehicle safety. It al$atroduces the possibility for the manufacturer
to perform a separate crash test for the assesshthe EV electrical safety.

New paragraphs 5.2.8.1.t0 5.2.8.3.:

These paragraphs deal with:

(@) Electrical safety requirements;

(b)  Spillage requirements for RESS;

(c) Cells and RESS locations and retention.

Control of electrical safety prescriptions is d&i$ if at least one the four following
requirements is met:

(@)  Absence of high voltage;
(b)  Energy on high voltage bus less than 0.2 j;

(c)  Physical barrier protection IPXXB and résisaetween the electrical chassis and
all exposed conductive parts shall be less thaoini;



ECE/TRANS/WP.29/GRSP/2010/20

(d) Isolation resistance.

This proposal refers to the 01 series of amendmémtfRkegulation No. 100
requirements considering separate or combined DCbi€es to specify the minimum
insulation resistance to achieve.

Modifications introduced reflect the state of dissions in the EVPC informal group.
Annex 1,

Communication,

New paragraph 5.3.:

This information is added in the communication ifieette.

Annex 3,

Paragraph 1.4.1.:

This paragraph is devised to allow performing tegth the fuel system modified to
have the engine running (e.g. with an additionaalsifiuel tank) or the electrical energy
conversion system running.

Paragraphs 1.4.2.2.

This paragraph introduces provisions to take intcoant the case of vehicle
equipped with hydrogen storage system to perfolertakt with alternative liquid instead of
hydrogen for safety reasons as internal combustngine vehicles.

New paragraphs 1.4.4. to0 1.4.4.2.:
These paragraphs describe the test conditionsafldttric power train.
Insert a new Annex 11:

This annex describes the test setup, measuringomeunit and the different test
procedure that can be used for validation of thiferdint options mentioned in paragraph
5.2.8.3.

(a) Bus voltage

(b) Isolation resistance
(c)  Electrical energy
(d)  Physical Barrier

Isolation resistance measurement and physicaldvarotection requirements are in
line with the 01 series of amendments to Regulahlan 100. Accordingly, Appendix 1
introduces the measurement method for the proteetiminst direct contacts of parts under
voltage.
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