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FOREWORD

This SAE Recommended Practice describes methods for evaluating the vehicle high voltage system performance when
subjected to specified FMVSS crash test procedures. It addresses electrolyte spillage, retention of electrical propulsion
components, and post-crash electrical safety. It is intended to provide vehicle designers with recommended tests and
performance criteria relating to Electric, Fuel Cell and Hybrid vehicles. Test personnel should exercise caution when
conducting the procedures described in this document. Each testing organization is encouraged, upon experience, to
send comments and suggested revisions to these procedures. Please send comments or suggestions to: SAE
International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, attention: Fuel Cell Standards Committee.
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1. SCOPE

Electric, Fuel Cell and Hybrid vehicles may contain many types of high voltage systems. Adequate barriers between
occupants and the high voltage systems are necessary to provide protection from potentially harmful electric current and
materials within the high voltage system that can cause injury to occupants of the vehicle during and after a crash. This
SAE Recommended Practice is applicable to Electric, Fuel Cell and Hybrid vehicle designs that are comprised of at least
one vehicle propulsion voltage bus with a nominal operating voltage greater than 60 and less than 1,500 VDC, or greater
than 30 and less than 1,000 VAC. This Recommended Practice addresses post-crash electrical safety, retention of
electrical propulsion components and electrolyte spillage.
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1.1 Purpose

The purpose of this document is to define test methods and performance criteria to evaluate the post-crash electrical
safety, retention of electrical propulsion components and electrolyte spillage in Electric, Fuel Cell and Hybrid vehicles
during and after specified crash tests.

1.2  Field of Application

The vehicles covered in this document are Electric, Fuel Cell and Hybrid vehicles with a gross vehicle weight rating of
4,536 kg (10,000 Ib) or less whose speed attainable in 1.6 km on a paved level surface is more than 40 km/h, and that

use more than 60 and less than 1,500 volts DC, or more than 30 and less than 1,000 volts AC for propulsion power.

1.3 Product Class
Not available.

14 Form

Not available.

2. REFERENCES
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ing Deformable Barrier (as amended through July 29, 2003)

gulations website —


http://www.sae.org/
https://saenorm.com/api/?name=429d3154e2ea19b3b40327e8178f3b4f

SAE INTERNATIONAL J1766 Revised JAN2014 Page 4 of 22

2.1.3 FMVSS Test Procedures

The NHTSA test procedures for FMVSS are available from Administration/Technical Reference Division, NHTSA,
NAD-52, phone: 202-366-4946, or within NHTSA’s website — http://www.nhtsa.gov.

2.2 Related Publications

The following publications are provided for information purposes only and are not a required part of this SAE Technical
Report.

2.2.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or 724-776-4970 (outside LISA) www sae org

SAE TSB 001 SAH Technical Standards Board Rules and Regulations

SAE TSB 002 SAH Preparation of SAE Technical Reports

SAE TSB 003 Rulgs for the SAE Use of S| (Metric) Units

SAE J1115 Guidelines for Developing and Revision SAE Nomenclature and Definitions

SAE J1772 SAH Electric Vehicle Conductive Charge Coupler

SAE J1773 SAH Electric Vehicle Inductively Coupled Charging

SAE J1797 Recpmmended Practice for Packaging of Electric.¥ehicle Battery Modules

SAE J1798 Recpmmended Practice for Performance Rating of Electric Vehicle Battery Modules
SAE J2574 Fue| Cell Vehicle Terminology

SAE J2929 Eleqtric and Hybrid Vehicle Propulsion Battery System Safety Standard - Lithium-Based Rechargeable
Cells

SAE Report Format Guidelines for Electronic Capture of SAE Documents
SAE Committee Guifelines Manual
2.2.2 Other Publigations

UL 2202 Eleqtric\/éhicle (EV) Charging System Equipment

3. DEFINITIONS
Except as noted below, all definitions are in accordance with SAE J1715.

3.1  AUTOMATIC DISCONNECT

Means a device that when triggered, conductively separates a high voltage source from the rest of the circuit.
3.2 CHARGING SYSTEM

Means the device(s) and associated equipment necessary to properly recharge the high voltage energy storage system in
an Electric, Fuel Cell or Hybrid vehicle from the electrical grid or other off board power source.
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3.3 ELECTRIC ENERGY STORAGE DEVICE

Means a high voltage source that stores energy for vehicle propulsion. This includes, but is not limited to, a high voltage
battery or battery pack, rechargeable energy storage device, and capacitor module used for vehicle propulsion.

3.4 ELECTRIC ENERGY STORAGE/CONVERSION DEVICE

Means a high voltage source that stores or converts energy for vehicle propulsion. This includes, but is not limited to, a
high voltage battery or battery pack, fuel cell stack, rechargeable energy storage device, and capacitor module used for

vehicle propulsion.

3.5 ELECTRIC ENERGY STORAGE/CONVERSION SYSTEM

Means an assembl
includes, but is not
systems, capacitor n
3.6 ELECTRIC P(

Means an assemb
storage/conversion 3
3.7 ELECTRICAL

Means conductive ¢
linked together, and

3.8 ELECTRICAL

Means the electrica
divided by the maxin

3.9 ELECTRICAL
Means the part(s) pri
3.10 EXPOSED Cd
Means the conduct
electrically energize

using tools.

3.11 HIGH VOLTA

hodules, inverters, interconnects, and venting systems.
DWER TRAIN

y of electrically connected components which includes, but(is~not limited
ystems and propulsion systems.

LY-CONDUCTIVE CHASSIS

2) not high voltage sources during normal vehicle.operation.
ISOLATION RESISTANCE (or Isolation Resistance)

resistance between a high voltage spurce and any of the vehicle’s electrically
num working voltage of the high voltage source.

PROTECTION BARRIER
pviding first-fault or post-crash protection against contact with live parts from any
NDUCTIVE PART

ve part that can.be touched under the provisions of the IPXXB protection d
I under isolation failure conditions. This includes parts under a cover that can

S5E

M.mmmnenﬁ.baﬁﬂweﬁs.eleﬁdml.&nmgﬂau&hﬂe propulsion.
limited to, high voltage batteries or battery packs, fuel cell stacks, rechargeable energy storage

This

to, electric energy

arts of the vehicle whose electrical potential is takeh“as reference and which a@re: (1) conductively

-conductive chassis

Hirection of access.

bgree and becomes
be removed without

OONLAL

Means voltage levelsgreatertham30-VACandtessthan+66

n bl FaYa W Wi nVal |
U VAL, Uyrcalcl Uidait Vv viu alilu I©oo

3.12 HIGH VOLTAGE SOURCE

than 1,500 VDC.

Means any electric component contained in the electric power train or conductively connected to the electric power train
that has a maximum working voltage greater than 30 and less than 1,000 VAC, or greater than 60 and less than 1,500

VDC.

3.13 LIVE PARTS

Means conductive part(s) that are intended to be energized during normal vehicle use.
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3.14 PROPULSION SYSTEM

Means an assembly of electric or electro-mechanical components or circuits that propel the vehicle using the energy that
is supplied by a high voltage source. This includes, but is not limited to, electric motors, inverters/converters, electronic
controllers, and associated wire harnesses and connectors, and coupling systems for charging rechargeable energy
storage systems.

3.15 PROTECTION DEGREE IPXXB

Means the protection provided by a barrier/enclosure that prevents contact with live parts by a test probe as defined in
ISO 20653 and in Appendix C.

3.16 Maximum Working voltage

bot mean square voltage of the voltage source, which may occur across its terminals or between its
nductive parts in open circuit conditions or under normal operating conditions.

Means the highest ri
terminals and any cq

3.17 X-CAPACITORS

Refer to capacitors within the high voltage system that are connected between buses, (or rails) of the dircuit. .

3.18 Y-CAPACITORS

Refer to capacitors the circuit and the

electrically-conducti

within the high voltage system that are connected between a bus (or rail) o
e chassis of the vehicle.

4. TEST PROCEDPRES AND CONDITIONS

NOTES:

1.) During, before, ¢ safety precautions

must be taken f
testing.

2.) Where a range
points within the

4.1 Crash Test an

Electric, Fuel Cell ar
test and post-crash s

4.1.1 Frontal Barri

b prevent injury to test personnel(ySafety hazard training should be given to t
is specified in the test procedures, the vehicle must be capable of meeting the
range.

d Post-Crash StaticRollover Procedures

d Hybrid vehicles shall meet the performance criteria specified in 5 when tested {
tatic rollover-procedures:

er Impact

nd after functional Electric, Fuel Cell'and Hybrid vehicle crash testing, appropriale

st personnel before

requirements at all

D the following crash

The vehicle is trave

L 1 W H Il £ ol & l 4 (. 1 (H 40 1 Lo U
Yy 1orygiiaditiany 1orvwalrd at dily opttU, Up U dllu mmieiuauiTy 50 RNITUTLL  artu iy

acts a fixed collision

barrier that is perpendicular to the line of travel of the vehicle, or at any angle up to 30 degrees in either direction from the

perpendicular to the

4.1.2 Side Moving

line of travel of the vehicle.

Deformable Barrier Impact

The vehicle is impacted from the side by a barrier that conforms to 49 CFR Part 587 that is moving at any speed up to and
including 54 km/h, with the appropriate 49 CFR Part 572 test dummies as specified in 49 CFR Part 571.214.

413

Rear Moving Barrier Impact

The vehicle is impacted from the rear by a barrier that conforms to paragraph S7.3(b) of 49 CFR Part 571.301 that is
moving at any speed up to and including 80 km/h, with the test dummies as specified in paragraph S6.2 of 49 CFR Part
571.301.
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414

Post-Crash Static Rollover

After each of the crash tests described in 4.1.1, 4.1.2 and 4.1.3 above, the vehicle is statically rolled on a fixture according
to the procedure specified in paragraph S7.4 of 49 CFR Part 571.301.

4.2 Test Condition
The following test co

4.2.1

S

nditions apply to the crash tests and post-crash static rollover procedures in 4.1.

Propulsion System

Prior to any specified crash test, the energy storage/conversion system is connected to the vehicle’s propulsion system,
and the vehicle ignition is in the “on” (propulsion system energized) position. The switch or device that provides power

from the high voltag

e system to the propulsion motor(s) is in the activated (ready-ta-drive) paosition

Bypass any devices

or systems that do r
vehicle is in neutral.

It shall be permissib

ot allow the propulsion system to be energized at the time of impact when the.i

e to perform the test with all or parts of the electrical power train not being energ

is no negative influepce on the test result. See 5.3.

4.2.2 State-of-Chd

An electric-energy st

rge
orage device shall be at the state-of-charge specified in paragraph (a), (b), or (c),

state-of-charge in accordance with the vehicle manufacturer's recommended d
ehicle’s owner’s manual or on a label that is permanently affixed to the vehicle; o

rer has made no recommendation for charging’procedures in the owner’'s manua
ked to the vehicle, then at a state-of-chargeof not less than 95 percent of the n
jy storage device; or

ergy storage device is rechargeable only by an energy source on the vehicle,

charge within th¢ normal operating voltage range defined by the vehicle manufacturer.

a) At the maximun
as stated in the
b) If the manufactu
permanently affi
the electric ener
c) If the electric en
4.2.3 Parking Bral

The parking brake i
parking brake is set.

4.2.4 Transmissio
The transmission, if

4.2.5 Tire Inflation

e

5 disengaged for the'crash tests of 4.1.1, 4.1.2 and 4.1.3. For the static rollo

n

bny, is in-the neutral position.

pnition is on and the

zed insofar as there

as applicable:

harging procedures,
v

or on a label that is

haximum capacity of

hen at any state-of-

er test of 4.1.4, the

Tires are inflated according to the manufacturer’s specifications.

4.2.6 Vehicle Loading

A passenger car is loaded to its unloaded vehicle weight plus its rated cargo and luggage capacity weight, secured in the
luggage area, plus the necessary test dummies specified in 4.1, restrained only by means that are installed in the vehicle
for protection at its seating position. A multipurpose passenger vehicle, truck, or bus with a gross vehicle weight rating of
4536 kilograms or less is loaded to its unloaded vehicle weight plus the necessary test dummies specified in 4.1, plus 136
kilograms or its rated cargo and luggage capacity weight, whichever is less. Each dummy is restrained only by means
that are installed in the vehicle for protection at its seating position.
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4.2.7

The environmental ¢

4238

Environmental Conditions

onditions are those specified in the applicable FMVSS crash test procedures.

Voltage confirmation

The voltage(s) is/are measured as shown in Figure A1.1 and the high voltage source voltage(s) (Vb) is/are recorded.
Before any vehicle impact test, Vb shall be under the voltage condition(s) defined in 4.2.2.

5. REQUIREMENTS

5.1

When tested to an
inspected for electr
colorant, chemical a
Verification of electr

In the period from
compartment and nd

5.2 Component R

When tested to any
shall be retained as
a) Electric energy
anchorage, brac
b) Electric energy
compartment.

5.3 Electrical Safg

After each specified
isolation, energy, or
be satisfied continug
throughout the post-

The manufacturer ca
requirement is met.
voltage sources(s) th

NOTES:

Electrolyte Spillage

lyte spillage. Battery, fuel cell and other coolant is not considered electrolyte.
alysis, or other means may be used to distinguish between electrolyte and\nor
lyte may be determined by visual inspection, litmus paper testing, and/or.chemic

mpact until 30 minutes after impact, no electrolyte from the RESS shall spill
more than 5 liters from the RESS shall spill outside the passenger-compartment

ptention

one of the crash tests and the subsequent vehicle rellover procedure specified
ollows:

ket, or any structure that transfers loads from.the device to the vehicle structure,

storage/conversion devices located outside the occupant compartment shall no

ty

crash test, each high voltage source in the vehicle shall meet one or more of t
electrical protection bagrier criteria. The chosen criterion for providing post-crash
usly from 10 seconds:after initial impact of the crash test, during a 30-minute p¢
crash rollover test:

n choose the methodology (e.g., testing, simulation, or engineering analysis) to q
The test may be performed, for example, with an alternative to the hydrogen fu
at are not energized for the crash test as long as the manufacturer can demonstr

the vehicle shall be
When necessary, a
-electrolyte spillage.
bl analysis.

into the passenger

in 4.1, components

storage/conversion devices shall remain attached to the vehicle by at le@st one component

nd

enter the occupant

ne following voltage,
blectrical safety shall
riod after crash, and

emonstrate that this
el or with these high
ate compliance.

1)

The above 10 second requirement is also being considered at fuel cell and electric vehicle GTR and ISO TC/SC21

meetings, and there is a possibility that the requirement will be revised in the future to harmonize with international
regulations and standards.

Rationale for ele

ctrical protection barrier requirements are provided in Appendix C.

Rationale for the 0.2J energy requirement used in 5.3.2 and 5.3.3 is provided in Appendix D. The analysis based on

DC systems but also applies to AC traction systems that are energized but not producing power such as post-crash

vehicles that are

not moving.
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5.3.1 Voltage

The voltages Vb, V1 and V2 (see figure A1.1) shall be equal to or less than 30 VAC or 60 VDC within time period
specified in 5.3. See Appendix A for the voltage measurement procedure.

5.3.2 Electrical Isolation

The electrical isolation requirements between each high voltage bus and the electrically-conductive chassis after each
specified crash test are defined in 5.3.2.1 and 5.3.2.2 depending on the type of electrical system that is being evaluated.
See Appendix A and B for electrical isolation measurement and calculation procedures.

Electrical isolation is not applicable and Sections 5.3.2.1 through 5.3.2.2 shall not be used if more than a single potential
of a part of a conductively connected high voltage circuit is not protected under the conditions of protection IPXXB unless

the voltage differenc
them is less than 0.

5.3.2.1 High Voltag

The electrical isolati
than or equal to 100

The total circuit Y-
Alternatively, the syg

5.3.2.2 High Voltag¢ Buses within AC systems

The high voltage AC

1. The electrical is

equal to 500 ohr

The electrical is

equal to 100 ohms/volt and the AC portion of the system shall be protected by electrical protectiq

ltems 1 and 2 in

The total circuit Y-
Alternatively, the sys

NOTE: Meeting onl
(exceeded)
5.3.3 Energy

The electrical energ

J.
Buses within DC Systems

bn resistance between each high voltage bus and the electrically-conductive cha
ohms/volt.

Capacitance energy shall be less than 0.2J within the time, period specified
tem shall be protected by electrical protection barrier(s) meeting ltems 1 and 2 in

buses shall meet one of the following requirements:

blation resistance between each bus and, the electrically-conductive chassis shg
ns/volt.

blation resistance between each bus and the electrically-conductive chassis shg
5.3.4.

Capacitance energy shall be less than 0.2J within the time period specified
tem shall be protected-by electrical protection barrier(s) meeting Items 1 and 2 in

by the abovesisolation resistance requirements.

y¢stored in the X-capacitors and Y-capacitors shall be less than 0.2 Joules wi

tial energy between

ssis shall be greater

in 5.3 per 5.3.3.2.
5.3.4.

Il be greater than or

Il be greater than or
n barrier(s) meeting

in 5.3 per 5.3.3.2.
5.3.4.

y ltems 1 and 2 in 5.3.4 is necessary for the electrical protection barrier as It¢gm 3 is already met

thin the time period

lotad aa f,

specified in 5.3. The

1 ot Berav—-atarad-ie—eala: [TP2Rr
CICUTTCCTCTy Y STOUTCTU TS CacuratC U asS TOUNTOW S,

TEx+TEy<0.2 Joules where TEx and TEy are defined in 5.3.3.1 and 5.3.3.2, respectively.

The amount of energy of 0.2 Joules criterion prevents exposure to hazardous body current.

See

calculation procedures, and Appendix D for the rationale.

5.3.3.1 Electrical en

ergy in X-capacitors (TEXx)

Appendix B for the

The energy stored in X-capacitors (TEx) is calculated by the voltage Vb and the capacitance of the X-capacitors (Cx)

according to formula

(a) or (b) in Appendix B.1.
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5.3.3.2 Electrical en

ergy in Y-capacitors (TEy)

The energy stored in Y-capacitors (TEy) is calculated by the voltages V1 and V2 and the capacitance of the Y-capacitors
(Cy) according to formulas (c) or (d) in Appendix B.2.

534

Electrical Protection Barrier

Protection against electric shock shall be demonstrated by meeting either Items 1, 2, and 3 or ltems 1 and 4 of the
following requirements:

1.
procedure.

The resista
conductive
deemed sat
specified cr:

The resista
ohms/VDC
in 5.3.2. Se

The voltage
by IPXXB) s
the applicab
NOTES:

Other alternative
may be used if t

1)

hassis is less than 0.1 ohms when there is a current flow of at least 0.2 amperés.
sfied if the galvanic connection has been made by welding, and the weld is.int
sh tests. See Appendix C.2.1 for the applicable test procedure.

ce between the circuit and exposed conductive parts of the electrical protection b
r 0.05 ohms/VAC. This requirement is deemed satisfied if the system meets is
b C.2.2 for the applicable test procedure for other situations.

hall be equal to or less than 30 VAC or 60 VDC within-ttie time period specified i
e test procedure.

measures (such as activation of fuses or"automatic disconnection of high volta
hey limit body current sufficiently to prevent electric shock per 5.3.1 or 5.3.3.

considered at fliel cell and electric vehicle GTR*and ISO TC/SC21 meetings, and there is @

be revised in the future to harfmonize with international regulations and standards

2) See Appendix G
requirement will

6. NOTES

6.1 Marginal Indic|a

A change bar (l) loc
not editorial change
title indicates a com
original publications,

hted in the Jeftimargin is for the convenience of the user in locating areas wherd
5, have been~made to the previous issue of this document. An (R) symbol to the
plete revision of the document, including technical revisions. Change bars and
nor_in‘/documents that contain editorial changes only.

Access to live parts is prevented by protection degree IPXXB. See Appendix C.1 for the applicable test

and the electrically-
This requirement is
bct after each of the

arrier shall be = 0.01
plation requirements

5 between the electrical protection barrier and other exposéd conductive parts (that are not protected

h 5.3. See C.2.3 for

je bus, for example)

for rationale for the above electrigal protection barrier requirements. Further chgnges are also being

possibility that the

technical revisions,
left of the document
(R) are not used in

PREPARED BY THE SAE FUEL CELL STANDARDS SAFETY WORKING GROUP

OF THE SAE FUEL CELL STANDARDS COMMITTEE


https://saenorm.com/api/?name=429d3154e2ea19b3b40327e8178f3b4f

SAE INTERNATIONAL J1766 Revised JAN2014 Page 11 of 22

APPENDIX A - MEASUREMENT OF VOLTAGE AND ELECTRICAL ISOLATION RESISTANCE

Appendix A describes test procedures that may be used to determine voltage and electrical isolation resistance of an
Electric, Fuel Cell, and Hybrid vehicle high voltage source.

Measurement of voltage, electrical isolation resistance, or energy shall be conducted for each high voltage source.
According to the circuit structure analysis, measurement of some of the high voltage sources may be skipped.

For a high voltage source that has an automatic disconnect that is physically contained within the high voltage source
enclosure complying with 5.3.4, measurements after the crash test are made from the side of the automatic disconnect
connected to the electric power train or to the rest of the electric power train if the high voltage source is a component
contained in the power train.

enclosure, measurgments after the crash test are made from both the high voltage sourgce._side of the automatic
disconnect and from|the side of the automatic disconnect connected to the electric power train“of to the rest of the electric
power train if the high voltage source is a component contained in the power train.

For a high voltage spurce that has an automatic disconnect that is not physically contained within thjhigh voltage source

The voltmeter used in this test shall measure DC values and have an internal resistance)of at least 10| million ohms.
A.1 VOLTAGE
For the purpose of determining the voltage level of the high voltage source-as specified in 5.3.1, voltages Vb, V1 and V2
are measured as shown in Figure A1.1. The voltage measurements shallvbe made not later than 10 seconds after the

initial impact.

Electrical Chassis
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Electrical Chassis

FIGURE A1.1
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A.2 ELECTRICAL ISOLATION RESISTANCE — USING VOLTAGE MEASUREMENTS

The high voltage bus shall be energized by the vehicle’s own RESS or energy conversion system or other voltage sources
and this voltage level shall be in the range of the working voltage during normal operation as specified by the vehicle
manufacturer.

If the RESS or energy conversion system or other voltage sources are automatically disconnected from the high voltage
circuit during crash test, an external voltage source(s) may be connected to the circuit for the isolation resistance
measurement. The external voltage source shall provide at least the same voltage level as the RESS or energy
conversion system or other voltage sources.

The following procedure may be used to determine electrical isolation as specified in 5.3.2.

Measure voltages Vh, V1 and V2 as shown in Figure A1.1

If V1 is greater than|or equal to V2, insert a known resistance (Ro) between the negative side ef\the| high voltage source
and the electrically-gonductive chassis. With the Ro installed, measure the voltage V1’ as shown in figure A2.1 between
the negative side of the high voltage source and the electrically-conductive chassis. Galculate thie electrical isolation
resistance (Ri) accofding to the formula shown. Either divide Ri (in ohms) by the maximum working voltage of the high
voltage source (in vqlts) to obtain the electrical isolation (in ohms/volt) or use the following formula to femove the influence
of the resistance of yoltmeter:

Ri=RO0 * Vb * (1/V1’-1/V1).

Electrical Chassis

Energy Conversion System Energy Storage System

Energy

Fhergy Propulsion Storage
Device System Device

1
1
1
1
1
1
1
1
1
1
1
1
:
1
' [ Cornversion
1
1
1
1
1
1
1
1
1
1
1
1
1
1

VT Ro

Electrical Chassis

Ri = Ro (1+V2V1)((V1-V1)/V1)

FIGURE A2.1

If V2 is greater than V1, insert a known resistance (Ro) between the positive side of the high voltage source and the
electrically-conductive chassis. With the Ro installed, measure the voltage (V2’) as shown in Figure A2.2 between the
positive side of the high voltage source and the electrically-conductive chassis. Calculate the electrical isolation
resistance (Ri) according to the formula shown. Divide Ri (in ohms) by the maximum working voltage of the high voltage
source (in volts) to obtain the electrical isolation (in ohms/volt) or use the following formula to remove the influence of the
resistance of voltmeter:

Ri=R0 * Vb * (1/V1-1/V1).
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Electrical Chassis
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Electrical Chassis

Ri = Ro (1+V1/V2)((V2-V2')/V2")

FIGURE A2.2

NOTE 1: The standard known resistance Ro (in ohms) should be approximately the value of the minimum required
isolation fesistance (Q /V) multiplied by the maximum working voltage of the vehicle plug/minus 20 per cent.
Ro is not|required to be precisely this value sihce the equations are valid for any Ro; however, an Ro value in
this rang¢ should provide good resolution farithe voltage measurements.
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A.3 ELECTRICAL ISOLATION RESISTANCE - USING A MEGOHMMETER

The electrical isolation measurement procedure described in the preceding section (A.2) requires the presence of voltage
on the high voltage bus in order for the equations used to determine electrical isolation to be valid. (In the absence of
voltage, the equations call for division by zero, which is not valid.) In addition, the voltage-measurement procedure may
not be appropriate for AC high-voltage sources.

An alternative to the voltage-measurement procedure is to use a megohmmeter to determine electrical isolation. The
megohmmeter provides a test voltage, rather than relying on voltage already present on the bus, to determine electrical
isolation. Specifically, one lead from the megohmmeter is attached to the electrically-conductive chassis, while the other
lead is attached to one of the rails of the high-voltage source being evaluated. The voltage applied by the megohmmeter

should be equal to or greater than the maximum working voltage of the high-voltage bus being evaluated.

With the voltage ap

plied, the megohmmeter will generally display isolation resistance, but may in

tead display current

flow. If current flow
chassis and the rail
rail’s isolation resisf
electrical isolation (i
electrical isolation fo

NOTES:
1) The safety agai
resistance meas
the resistance m

The current limi
automatically du

Isolation measu
calculated with t

is displayed, the total electrical isolation resistance (in ohms) between there
is equal to the applied test voltage (in volts) divided by the indicated current.floy
ance is then divided by the maximum working voltage of the high voltage S
h ohms/volt) for that rail. This process is repeated for the other rail(s)*on the
I each rail. The lowest isolation resistance level of all the bus rails shall'be used f

hst electric shock is evaluated by the resistance value Gsing voltage measur
ured by meg-ohmmeter is equal to or lower than that using voltage measuremen
easured by meg-ohmmeter also can be used for the‘gvaluation as it produces a g

of meg-ohmmeter should be considered. The‘applied test voltage may be adjy
e to the current limit. In this situation, the megsohmmeter may not deliver the requ

ement using a constant-voltage supply and an ammeter is also available. The is
ne applied voltage divided by the meastred current flow.

ectrically-conductive
v (in amperes). The
ource to obtain the
us to determine the
or the evaluation.

ement method. The
t method. Therefore,
onservative result.

sted and decreased
ired voltage.

blation resistance is
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APPENDIX B- CALCULATION OF ELECTRICAL ENERGY

This Appendix describes how to determine electrical energy in X and Y-capacitors. The energy values acquired with these
methods in Appendix B are used for the electrical safety evaluation in 5.3.3.

B.1 ENERGY CALCULATION FOR X-CAPACITORS
Measure the voltage Vb on the high voltage bus after any of the specified crash tests as shown in Figure A1.1. Record

the Vb voltage no later than 10 seconds after the vehicle comes to rest following the crash test. The energy stored in X-
capacitors (TEx) on the high voltage bus is calculated according to the formula (a) with substituting the measured Vb and

the capacitance of X

-capacitors (Cx).

Alternatively, the cal
voltage of Vb.

B.2 ENERGY CAL(

Measure the voltagg
Record these V1 an
The energy stored in
the measured V1, V]

Alternatively, the cal
voltage of Vb.

NOTE: This TEy req

TEx —=05XCxx Vb2 (n)

culation of TEx may be conducted according to the formula (b) with using Vibe; th

TEx = 0.5 X Cx X Vbhe? (b)
ULATION FOR Y-CAPACITORS
s V1 and V2 on the high voltage bus after any of the specified crash tests as sh
H V2 voltage levels not later than 10 seconds after the vehicle comes to rest foll
Y-capacitors (TEy) on the high voltage bus is calculated according to the formula
P, and the capacitances of Y-capacitors (Cy).

TEy = 0.5 X Cy x (V¥4 v22) (¢)

culation of TEy may be conducted according to the formula (d) with using Vbe, th

TEy=0.5 x Cy X Vbe? (d)

resents the maximum possible energy value that can be stored in Y-capacitors.

e maximum working

own in Figure A.1.1.
pwing the crash test.
(c) with substituting

€ maximum working
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APPENDIX C - EVALUATION OF ELECTRICAL PROTECTION BARRIER
C.1 PROTECTION AGAINST DIRECT CONTACT

This Appendix describes a method to evaluate if electrical protection barriers provide post-crash protection from direct
contact from high voltage.

Following any of the specified crash tests, the hood, trunk and occupant-entry doors of the vehicle shall be opened using
tools, if necessary. In addition, any electrical protection barriers surrounding high voltage components shall be, without

the use of tools, opened, disassembled or removed.

All remaining surrounding parts that

disassembled or removed without the use of tools are considered to be part of the physical protection.

The jointed test fing

ar described in ISQO 20653 is inserted into any gaps ar nppningq in the electrical

cannot be opened,

protection barrier(s)

with a test force of
occurs, the test fing

test finger shall be fotated progressively through an angle of up to 90 degrees with respect'to”the

section of the finger

The protection again
parts during the abog
contacts live parts.
suitable lamp may b
In this case, the ac
electrical protection

C.2 PROTECTION

The purpose of the
electrical protection
the high voltage bus

The first step in pro
barriers are adequa
0.1 ohms between

procedures to confirm the adequacy of these‘honds is provided in C.2.1.

The second step is f
sufficiently large con
The minimum allowa
(1500 VDC and 100
touching two differer

0 Newtons + 10%. If partial or full penetration of the test finger into the electri
br is maneuvered inside the barrier as follows: Starting from the straight positic

and shall be placed in every possible position.

st direct contact specified in 5.3.4 is met if the jointed test finger,is-unable to con
\ve procedure. A mirror or fiberscope may be used in order to.inspect whether
Alternatively, a low-voltage supply (of not less than 40 V and, not more than 5
e connected between the jointed test finger and the live parts inside the electrig
ceptance criterion is that the lamp not illuminate when the test finger is ma
parrier as described in the preceding paragraph.

AGAINST INDIRECT CONTACT

e requirements are to ensure that a person who touches two electrical prote
barrier and the electrically-conductive chassis does not experience electric sho
es) with the barrier.

viding such protection (assuming“the circuit remains live) is to ensure that the
ely bonded to the electricallycconductive chassis. The bonding requirement of |
the barrier and electrically-conductive chassis is based on common industrial

0 ensure that the-resistance due to contact, if any, of the bus(es) with electrical
npared to the bonding resistance such that maximum possible body current is 1
ble resistance;of buses can be calculated based on the maximum allowable vo
DVAC) using‘the circuit diagram shown in Figure C1 and assuming that the body
t protective’enclosures is 10 maDC or 2 maAC.

tal protection barrier
n, both joints of the
pxis of the adjoining

act high voltage live
br not the test finger
D V) in series with a
@l protection barrier.
heuvered inside the

ction barriers or an
ck due to contact of

electrical protection
bss than or equal to
practice. The test

brotection barriers is
DPma DC or 2ma AC.
tage levels of buses
current for someone
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Rail #1 Barrier #1
Resistance Potential
VN
R1
0.1 ohms
Power Source gam
1500VDC or o—0_ Vb Chassis lc Ib 500 ohms
1000VAC
0.1 ohms ]
R2
VAYA
Rail #2 Barrier #2
Resistance Potential
FIGURE ¢1 - ELECTRICAL DIAGRAM FOR CALCULAYANG MINIMUM ALLOWABLE REYISTANCE

The resultant minim
0.01 ohms/VDC or (
by the test procedur¢

As an alternative to
barrier and the elect
voltage difference is
imposed as the crite
C.2.1  Verification

The bonding betwee

shall be tested with
exposed conductive

Lm allowable resistance for the circuit\(that is, the combined resistance of all by
.05 ohms/VAC for DC and AC circuits, respectively. The resistance for the circu
e in C.2.2.

measuring, it is possible to)simply measure the voltage difference between the
fic conductive chassis.. The resultant voltage of the above analysis is approximat
well less than leyvels* hecessary to create a shock hazard, the voltage leve
fia for consistency-with the criteria used for live parts.

pf Electrical Pratection Barrier Bonding to the Electrically-conductive Chassis
n exposed conductive parts of the electric protection barrier(s) and the electricall

a testcurrent of a minimum 0.2A, which shall be passed through the potential g
parts and the vehicle electrically-conductive chassis for at least 5 seconds (unles

ses in the circuit) is
t can be determined

electrical protection
bly 1 volt. Since this
S5 used in 5.3.1 are

-conductive chassis
urrent path between
s sufficient accuracy

can be obtained in I€

¢ TN Tk S, A adativa—aart baoll taoali hick valio o PO 4
OO UMTC ) TTTC ST CAPUSTU T CUTTUU TV E AT tS - STanm Toriau T Ty vVOUnayg S OO TP UTTC 1T

C.2.2 Verification of High Voltage Bus Resistance to the Electrically-conductive Chassis

AtHAousings.

The resistance of the circuit is determined by measuring the resistance of the circuit (including all conductively-connected
bus(es) in the circuit) to the electrically-conductive chassis. The measurement may be performed by any means that
provides sufficient accuracy for the post-crash situation that exists.

NOTE: A resistance meter may be an appropriate instrument if it covers the resistance value of the system after crash. If
the resistance value is sufficiently high, meg-ohmmeter measurement in A.3 may be usable.

If the resultant resistance is 2 0.01 ohms/VDC or 0.05 ohms/VAC, the requirement has been met.
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