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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD ISO 6469-4:2015(E)

Electrically propelled road vehicles — Safety
specifications —

Part 4:
Post crash electrical safety

1 Bcope

This|part of [SO 6469 specifies safety requirements for the electric propulsion systems and gonductively
connjected auxiliary electric systems of electrically propelled road vehicles for the)protectiof of persons
inside and outside the vehicle. It specifies electrical safety requirements for vehicle post-crasH conditions.

It applies to electrically propelled road vehicles with voltage class B electric circuits.
It dges not apply to motorcycles and mopeds.

It ddes not specify any crash test procedure. The safety requiteéments of this part of ISO|6469 apply
to applicable vehicles in accordance with published crash_test procedures of each country or region.
Applicable vehicles are those vehicles which are explicitly specified in these crash test procgdures.

It dpes not provide comprehensive safety information for first responders, emergendy services,
maintenance, and repair personnel.

2 Normative references

The [following documents, in whole or {h*part, are normatively referenced in this documgnt and are
indigpensable for its application. Forydated references, only the edition cited applies. Hor undated
refefences, the latest edition of the referenced document (including any amendments) applies.

ISO p469-3, Electrically propeélled road vehicles — Safety specifications — Part 3: Protectiop of persons
agaipst electric shock

ISO 0653, Road vehicles’— Degrees of protection (IP code) — Protection of electrical equipment against
forelgn objects, water and access

ISO/[TR 8713, Electrically propelled road vehicles — Vocabulary

3 [Ferms and definitions

For thepurposesof thisdocurmment; the terms amddefimitions giverrim SO/ TR 8743 amd the fottowing apply.

31
auxiliary electric system
on-board vehicle system, other than the propulsion system, which operates on electric energy

3.2
barrier
part providing protection against direct contact from any usual direction of access

3.3
conductive part
part capable of conducting electric current

© IS0 2015 - All rights reserved 1
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3.4
direct contact
contact of persons with live parts

3.5
electric chassis
conductive parts of a vehicle that are electrically connected and whose potential is taken as reference

3.6

electric drive
combination of traction motor, power electronics, and their associated controls for the conversion of
electric to rrechanicat power and vice versa

3.7
electric shock
physiological effect resulting from an electric current passing through a human body

3.8
electrically propelled vehicle
vehicle with at least one electric drive for vehicle propulsion

3.9
enclosure
part providjng protection of equipment against direct contact from any/direction

3.10
exposed cgnductive part
conductive part of the electric equipment, that can be touched by a test finger according to IPXXB|(see
ISO 20653) fafter removing barriers/enclosures that can be removed without using tools and that i§ not
normally live, but which may become live under fault ¢cenditions

3.11
isolation r¢sistance
resistance lpetween live parts of voltage class\B electric circuit and the electric chassis as well a$ the
voltage clags A system

3.12
line condugtor
conductor Which is electricallyl energized in normal operation and capable of contributing tq the
transmissidn or distribution efelectric energy

3.13
live part
conductor dr condugtive part intended to be electrically energized in normal operation

3.14
maximum werking voltage
highest value of a.c. voltage (rms] or of d.c. voltage which may occur In an electric system under any
normal operating conditions according to manufacturer’s specifications, disregarding transients

3.15

potential equalisation

electric connections of exposed conductive parts of the electric equipment to minimize differences in
potential between these parts

3.16

rechargeable energy storage system

RESS

system that stores energy for delivery of electric energy for vehicle propulsion and which is rechargeable

EXAMPLE Battery, capacitors.

2 © IS0 2015 - All rights reserved
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voltage class A
classification of an electric component or circuit with a maximum working voltage of <30 V a.c. (rms) or
<60 V d.c. respectively

3.18

voltage class B
classification of an electric component or circuit with a maximum working voltage of (>30 and

<1 000) V a.c. (rms) or (>60 and <1 500) V d.c. respectively

3.19

X-capacttors

capdcitors located between line conductors of different polarity
3.2

Y-capacitors

capqcitors located between line conductor and electric chassis

4

The
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5.1

The
conf]
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5.2.]
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Applied crash test procedures

cafety requirements of this part of ISO 6469 shall apply in accorxdance with the publishe
edures of a country or region for vehicles or test configurations which are explicitly
e crash test procedures.

Electric safety requirements

General

following requirements shall be fulfilledyafter a vehicle crash test or after a crash test
iguration according to 4.

B Retention of voltage class B domponents, e.g. RESS, is not covered in this part of ISO 6469
elevant for electrical safety.

Protection against e€lectric shock

|  General

1ge class B electric circuit. This includes all voltage class B electric circuits which are d
ectrically Jseparated in post-crash situations. For different parts of a circuit, differ
ifieddn\5.2.2 through 5.2.5 may apply.

If the‘test is performed under the condition that part(s) of the voltage class B electric

d crash test
specified in

with a test

because itis

' the crash test/at least one of the criteria specified in 5.2.2 through 5.2.5 shall be npet for each

sconnected
ent criteria

circuits are

not electrically energized because of specific crash test conditions different from normal operation,
the protection against electric shock shall be proved by either 5.2.3 or 5.2.4 for the relevant part(s).
Examples for such specific test conditions are as follows:

fuel cell vehicle crash test performed with alternative fuel;

crash test performed with energy sources disconnected prior to the crash test.

NOTE Electronic switches can be used for disconnection.

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=ed6ddace3aa702a9ba1ff6820e16e5f9

ISO 6469-4:2015(E)

5.2.2 Voltage limit

The voltages Vy, V1, and V3 (see Figure 1) of the voltage class B electric circuits shall be equal to or less

than 30 V a.

Compliance

5.2.3

c. (rms) or 60 V d.c. at a point in time ty, which is specified as

shall be tested in accordance with 7.2.2.

-4 acickanca
AUILT 1T COIOLAIILT

either 10 s after the initial impact, if the vehicle comes to rest within 5 s after the initial impact, or

5 s after the vehicle comes to rest, if the vehicle does not come to rest within 5 s after the initial impact.

Iso

52.31 G

The isolatign resistance shall fulfil the requirements according to 5.2.3.2 and 5.2.3.3.

If direct cd
Y-capacitor
NOTE Al

The isolatic
of a part of
isolation re
meets the v
specified in

Compliance

If test proc

5.2.3.2 Sq
If the a.c. vo

connected {
minimum v

5.2.33 C

pneral

ntact to one potential of the voltage class B electric circuit is possible, the energ
5, TEy, as calculated in 7.2.5.2.2 shall be less than 0,2 J.

potential body current caused by Y-capacitors is not limited by isolation\esistance.

n resistance criterion shall not apply if direct contact to_faore than one single pote
the voltage class B electric circuit is possible; see 5.24\(physical protection). How
sistance criterion is applicable if the voltage difference between those accessible live f
oltage limit specified in 5.2.2 or the potential energybetween them meets the energy
5.2.5.

shall be tested in accordance with 7.2.3.

eparated d.c. and a.c. voltage class'B electric circuits

[tage class B electric circuits.and the d.c. voltage class B electric circuits are not conduct
o each other, isolation résistance, divided by the maximum working voltage, shall ha
hlue of 100 Q/V for d.c. eircuits, and a minimum value of 500 Q/V for a.c. circuits.

bmbined d.c. and.a.C. voltage class B electric circuits

Itage class Blelectric circuits and the d.c. voltage class B electric circuits are conduct
they shallareet one of the following requirements:

n resistance, divided by the maximum working voltage, shall have a minimum valy
V;

y in

ntial
byver,
arts
imit

bdures include a static rollover test after-a crash, evaluation of isolation resistance can be
conducted hefore, during, and/or after the rollover.test.

vely
ve a

vely

e of

100 Q/V and the a.c. circuit meets the physical protection as described in 5.2.4;

100 Q/V and the a.c. circuit meets the voltage limit as described in 5.2.2;

If the a.c. v

connected,

a) isolatio
500 Q/

b)

0)

d)

100 Q/V and the a.c. circuit meets the electrical energy limit as specified in 5.2.5.

5.2.4 Physical protection

isolation resistance, divided by the maximum working voltage, shall have a minimum value of

isolation resistance, divided by the maximum working voltage, shall have a minimum value of

isolation resistance, divided by the maximum working voltage, shall have a minimum value of

For protection against direct contact with voltage class B live parts, the protection degree IPXXB in
accordance with ISO 20653 shall be provided. Compliance shall be tested in accordance with 7.2.4.1.

© ISO 2015 - All rights res
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In addition, one of the following requirements [a) or b)] shall be fulfilled:

4:2015(E)

a) The potential equalisation paths intended by design shall be clarified in advance in accordance

b)

NOT

If tes
aftel

5.2.!

At ¢t
(TE4

NOT
char

Comjppliance:shall be tested in accordance with 7.2.5.

5.3

with the manufacturer’s specification, e.g. using diagrams, etc. The potential equalis
intended by design are the relevant electric connections or potential equalisation in

ation paths
accordance

with ISO 6469-3 for the vehicle as built. The resistance between all exposed conductive parts and
the electric chassis shall be less than or equal to 0,1 Q. This requirement is deemed to be satisfied if

the connection is established and maintained by welding. Compliance shall be tested in
with 7.2.4.2.

In addition, one of the following requirements shall be fulfilled.

accordance

— A short circuit current, if any, shall be interrupted.

— The isolation resistance divided by the maximum working voltage shall be 20,01
circuits or 0,05 Q/V for a.c. circuits. This requirement is deemed to be satisfied if
meets isolation requirements in 5.2.3. Compliance shall be tested in agcordance wi

At tm, (see 5.2.2), the voltage between any two exposed conductive ‘parts that can
simultaneously by a person shall be equal to or less than 30 V a.c. o160 V d.c.. Complia
fested in accordance with 7.2.4.4.

D For overcurrent protection see 5.3.

t procedures include a rollover test after crash, evaluation of physical protection shall b
and might be additionally conducted before the rollover test.

b Electrical energy limit

, (see 5.2.2), the total energy stored in X--a@id Y-capacitors shall meet the following r¢
+ TEqyr), (TEq + TEyy), or (TEx + TEy) shall'be less than 0,2 ].

T'Eq is the measured electrical energy-of X- and Y-capacitors (see 7.2.5.1.2).

Eqyr is the measured remaining.electrical energy of Y-capacitors (see 7.2.5.1.2).
[Eyy is the calculated remaining electrical energy in Y-capacitors (see 7.2.5.2.3)
T'Ey is the calculated stored electrical energy in X-capacitors (see 7.2.5.2.1).

[Ey is the calculated-stored electrical energy in Y-capacitors (see 7.2.5.2.2).

= The criterien of 0,2 ] is based on IEC/TS 60479-1:2005, Figure 22 and considering capacif
hcteristics.

()/V for d.c.
the system
th 7.2.4.3.

be touched
hce shall be

b conducted

bquirement:

or discharge

Protection against overcurrent

A potential overcurrent shall not lead to a hazardous situation after the crash test. This requirement is
deemed to be satisfied if overcurrent protection is provided.

6 RESS electrolyte spillage

In the period from the impact until 30 min after the initial impact, no electrolyte from the RESS shall
spill into the passenger compartment and not more than 5 | of electrolyte shall spill from the RESS

outs

ide of the passenger compartment.

Compliance shall be tested in accordance with 7.3.

© ISO 2015 - All rights reserved
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If test procedures include a rollover test after crash, RESS electrolyte spillage during the rollover test
shall also be included.

7 Testing

7.1 Test conditions

7.1.1 General

The enviro

S as

defined in (

For the pre
7.1.2 shall a

TTIIrCIrcor—Corrorcrorro— oo it

lause 4.

TIrc—tC o T oTIo ot Tt TUT \.41116

paration of the vehicle or the test configuration (see Clause 4) the conditions Specifig
pply.

7.1.2 Prdparation of vehicle or test configuration

The RESS ¢
recommend

Prior to the
to normal o

Ifan autom
before the ¢
be required
resistance.

proper opelf

Modificatio
lines, disab
have signifi

The fuel su

hall be at any state of charge, which allows the normal operation-of the power trai
ed by the manufacturer.

vehicle crash test, the voltage class B electric circuit shall be.electrically energized accor
perating conditions. For exemptions, see 5.2.1.

tic disconnect exists, the test can be performed with the automatic disconnect being op
rash test. In this case, the demonstration of the activation of the automatic disconnect ny

if 5.2.3 is applied to the electrical load, depeniding on the limit chosen for the isols
The demonstration shall include monitoringef automatic activation signal as well af
ation of the automatic disconnect under simdlar conditions according to the crash test.

ing of isolation monitoring device,cltange of software, etc. These modifications shal
cant influence on the results of thesmeasurement.

bply system can be modifiedso that an appropriate amount of fuel can be used to ru

internal combustion engine or a fuel(cell system, to the extent permissible under the applicable d

test proced

NOTE T
the voltage c

7.2 Test

<

721 Te

Before the ¥

lre.

he purpose to run thesinternal combustion engine or the fuel cell system is to electrically ene
ass B electric circuit:

procedures for electrical safety

setup-and equipment

d in

n as

ding

bned
light
ition
the

hs necessary for the measurement canbe carried out such as installation of measureinent

not

n an
rash

rgize

shall be measured and recorded to conflrm that 1t is w1th1n the operatlng voltage of the vehlcle as
specified by the vehicle manufacturer.

The measurement points of an electric circuit to be measured shall be clarified in advance, e.g. using

electrical ci

rcuit diagrams, etc.

Measurements of voltage or energy or isolation resistance shall be taken on each disconnected or

separated c

ircuit, where applicable.
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If the voltage class B disconnect device is integral to the RESS or the fuel cell system and the voltage
class B electric circuit of the RESS or the fuel cell system fulfils physical protection according to 5.2.4
after the crash test, the measurements shall only be taken for the evaluation of the electrical loads.

NOTE According to the circuit structure analysis, additional measurements at some places of the voltage
class B electric circuit might be necessary. In this case, different criteria can be applied to different places.

The voltmeter used in this test shall have an internal resistance of at least 10 MQ.

7.2.2 Voltage limit

The pottages ¥y, 71, anmd V7 (see Figure_1j of the voltage ttass B etectric circuit shatt be megsured after
the ¢rash test.

The poltage measurement shall be made at ¢, (see 5.2.2).

\1
5 &
/
+ +
@) : v (4
1 "V
/
Key
1  plectric chassis
2 fuel cell system
3  fraction system or load
4 RESS
5  yoltage class B electric circuit

Figure 1 — Measurement of Vy, V1, V3

7.2.3 Isolatien‘resistance

7.2.3.1 <General

The |isblation resistance measurement of the voltage class B d.c. circuits and a.c. circufits shall be
conducted with an appropriate method selected by the vehicle manufacturer from those specified in
7.2.3.2.0r 7.2.3.3.

The measurement shall be conducted within a period of 1 h after the initial impact maintaining the
same conditions as in the crash test procedure.

NOTE The protection against electric shock is evaluated by the resistance value measured according
to 7.2.3.2. The resistance value measured according to 7.2.3.3 is equal to or lower than that according to
7.2.3.2. Therefore, the resistance value according to 7.2.3.3 also can be used for the evaluation as it produces a
conservative result.

© IS0 2015 - All rights reserved 7
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7.2.3.2 Measurement using a d.c. voltage source connected to both terminals of the d.c. circuit

7.2.3.2.1

General

The voltage class B electric circuit shall be electrically energized by the vehicle’s own RESS or other
voltage sources and the voltage shall be in the range of the working voltage during normal operation as
specified by the vehicle manufacturer.

If the RESS or other voltage sources are automatically disconnected from the voltage class B electric
circuit during crash test, it shall be reconnected for isolation measurement, or an external voltage
source(s) shall be connected to the class B electric circuit. The external voltage source shall provide at

least the sa

NOTE E

7.2.3.2.2

The voltagg
(see Figure

The voltagég
chassis (seq

The voltagg
chassis (seq

If V1 is grea

voltage V7'
the vehicle

e voltage level as the RESS or other voltage sources.

kamples for other voltage sources are fuel cell stack or generator.

[Measurement procedure

, Vb, between the negative and the positive terminal of the voltage class B electric ci
1) shall be measured and recorded.

, /1, between the negative terminal of the voltage class B electric circuit and the elect
Figure 1) shall be measured and recorded.

, V2, between the positive terminal of the voltage class ® electric circuit and the elect
Figure 1) shall be measured and recorded.

minal of the voltage class B electric circuit and the electrical chassis. With R, installed
shall be measured between the negative terminal of the voltage class B electric circuit
electrical chassis (see Figure 2). The isolation resistance R; shall be calculated accor

rcuit

rical

rical

ker than or equal to V>, a resistor with a known resistance R, shall be inserted between the
negative tel

, the
and
ding

M

to Formula|(1):
Ri=Ro ¥ Vb x (1/V1' - 1/V1)
\1
5 fi
/
+ +
3 ~V
‘: ’I‘ R o I~ V1 '
/ i
Key
1 electrical chassis
2 fuel cell system
3 traction system or load
4  RESS
5 voltage class B electric circuit
Figure 2 — Measurement of V7’
8 © IS0 2015 - All rights reserved
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The result, R;, which is the isolation resistance value (in ), shall be divided by the maximum working
voltage, Ve, of the voltage class B electric circuit (in V) according to Formula (2):

ri(@Q/V)=Ri(Q)/ Vbe (V) (2)

If V, is greater than V4, a resistor with known resistance, R,, shall be inserted between the positive
terminal of the voltage class B electric circuit and the electrical chassis. With R, installed, the voltage,
V', shall be measured between the positive terminal of the voltage class B electric circuit and the
electrical chassis (see Figure 3).

N T
/
+ +
(2) : RO
1 Ri
/
Key
1  plectric chassis
2 fuel cell system
3  fraction system or load
4 RESS
5  yoltage class B electric circuit

Figure 3 — Measurement of V'

The fsolation resistance, R;, shall be calculated according to Formula (3):

Ri=Ro x Vi x (1/V2[=1)V2) (3)

The [result, R;, whicl/is the isolation resistance value (in (1), shall be divided by the maximyim working
voltdge, Vpe, of the voltage class B electric circuit (in V) according to Formula (4):

1 (Q [ VF=R; (Q) / Vbe (V) (4)

NOTE The standard known resistance Du (n) canbethe value of the minimum rnqnivnr‘ isglation resistance

(in Q /V) multiplied by the maximum working voltage of the voltage class B electric circuit #20 %. R, is not
required to be precisely this value since the equations are valid for any R,; however, a R, value in this range
provides an appropriate voltage range for the voltage measurements.

7.2.3.3 Measurement by applying a d.c. voltage between the voltage class B electric circuit and
the electrical chassis

The test voltage shall be a d.c. voltage of at least the maximum working voltage of the voltage class B
electric circuit and be applied between the live parts and the electric chassis for a time long enough to
obtain stable reading.

© IS0 2015 - All rights reserved 9
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If the system has live parts of several voltage ranges (e.g. because of boost converter), the isolation
resistance shall be measured by applying the relevant maximum working voltage between the live
parts of the relevant part of the circuit and the electric chassis.

An appropriate isolation resistance test instrument with a sufficient internal voltage source to provide
the required test voltage shall be used.

The measured isolation resistance, R;, shall be divided by the maximum working voltage, Ve, of the

voltage clas

s B electric circuit according to Formula (5):

ri(Q/V)=Ri(Q) / Vpe (V)

(5)

7.2.4 Phy
7.2.41 P

7.24.1.1

Following t
disassembl
parts shall

The jointed
protection
into the phy
every posit

sical protection
Fotection against direct contact

Test procedure

he vehicle crash test, any parts surrounding the voltage class B components shall be opd
ed, or removed to the extent possible without the use of tools~All remaining surroun|
be considered part of the physical protection.

test finger described in ISO 20653 shall be inserted into afiy gaps or openings of the phy
with a test force of 10 N + 10 % for electrical safety assessment. If partial or full penetrd
ysical protection by the jointed test finger occurs,the jointed test finger shall be placg
on as specified below.

Starting frgm the straight position, both joints of the test finger shall be rotated progressively thr

an angle of
every possi

If approprij

1p to 90° with respect to the axis of the adjoining section of the finger and shall be plac
ble position.

ite, a low-voltage supply (of not less than 40 V and not more than 50 V) in series w

suitable lanpp can be connected between thejointed test finger and voltage class B live parts insid

electrical p

The measurement shall be conducted following the crash test procedure maintaining the

conditions
changes of {

7.2.4.1.2

The requirg
is unable to

If necessary

rotection barrier or enclosure.

q

hs in the crash test procedure and movement of the vehicle shall be restricted to pre
he mechanical state-of the vehicle.

Acceptance conditions

ments i 5)2.4 shall be considered to be met if the jointed test finger described in ISO 2
contactvoltage class B live parts.

ned,
ding

sical
ition
bd in

ugh
bd in

th a
b the

ame
vent

653

h,@-mirror or a fibrescope can be used in order to inspect whether the jointed test fi|nger

touches the

VoItage Class b eleClric CIrCuits.

If this requirement is verified by a signal circuit with a lamp between the jointed test finger and voltage
class B live parts, the lamp shall not light.

7.2.4.2 Potential equalisation

For potential equalisation, one of the following procedures shall be applied as recommended by the
vehicle manufacturer:

— visual inspection;

10

measurement;
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— combination of visual inspection and measurement.

For visual inspection, the following criteria shall be met.

— The cross sections of wired connections shall not be reduced by physical damage.

— The continuity of connection shall remain properly. No interruption shall occur.

— The connections shall remain properly fixed.

Fort

he measurement, the following procedure shall apply.

The potential equalisation resistances shall be tested with a test current ol al mINImuirj

av
cong
test
ona

7.2.4
The
appr

sped
the ¥

7.2.4
The

For

NOTE 2,5 mis the usuialdistance which a person can reach.
7.2.5 Electrical energy limit
7.2.5.1 Measurement of discharged electrical energy

7.2.]

tage <60 V d.c., which shall be passed through the potential current path betwe
uctive parts and the vehicle electric chassis for at least 5 s. A lower test current'and/
fime can be used, provided the accuracy of the potential equalisation resistancetest reg
sufficient level.

1.3 Isolation resistance for physical protection

test shall be performed with the RESS and other voltage class’ B sources discor
opriate resistance test instrument shall be used considering the isolation resistance
ified in 5.2.4. The measured resistance shall be divided by ¢he maximum working vol
roltage class B electric circuit.

.4 Voltage limit for physical protection
measurement shall be performed at ¢, (see 5.2.2).
ompliance testing one of the following measurements or evaluations shall be performe

Che voltage between any two reachable‘exposed conductive parts in a distance of 2,4
measured.

Che voltage between all relevant.exposed conductive parts and electric chassis shall b¢
PDnly those exposed conductive parts are relevant that are located within a distance of 2
pther. After completing the\woltage measurements, the voltage differences between th¢
ronductive parts shall be calculated from the measurement results.

b.41" General

h 0,2 A and
en exposed
br a shorter
ults remain

nected. An
imit values
tage, Vpe, of

d.
m shall be

b measured.
5mto each
pse exposed

Prior to the crash test, the switches S1 and S2 and the known discharge resistors Re1 and Re2 shall be
installed in parallel to the relevant capacitances (see Figure 4).

© ISO 2015 - All rights reserved
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\
1 1
5 -—C y ~V,
/ i
+ I} ‘ +
S1
p) — C«x 3 ~V 4
R el
o—=
S2\ Vg,
— -
1 ' "R
/
Key
1  electric thassis
2 fuel cell system
3 traction|system or load
4  RESS
5 voltage ¢lass B electric circuit
Figure 4 —| Measurement of voltage class B electric circuit energy stored in capacitors (Exam

At ty (see ]
stored enen
following cl

.2.2), the energy stored in X- and Y-capacitors ‘shall be evaluated. For this evaluation|

Auses.

NOTE When TEy, instead of TEqyr is used for evaluation, S2 and Re2 are not necessary.

7.2.5.1.2 easurement of discharged energy in X and Y-capacitors

The switches S1 and S2 shall be closedat a time to allow discharge of Cx and Cy within ¢y, (see 5]
considering an interval for discharge of at least 3 x (Re1 x Cx) for Cx and 6 x (Re2 x Cy) for Cy. The vol
Vb, and the|current, Io1, shall bermeasured and recorded. The current, .1, can be calculated fro
and Re1. The voltage V1 and the Current Iez shall be measured and recorded. The current Ie, ca
calculated firom V1 and Re>.

The produgdt of the voltage I/, and the current Ig1 shall be integrated over a time interval of at
3 x (Re1 x Gyf) or 6 x (Reg'x Cy), whichever is higher, to obtain the discharged energy TEq in Joule accor
to Formula [6):

ple)

the

oy shall be discharged by closing the switches'S1 and S2 (see Figure 4) as described in the

2.2)
fage,
Vb
be

east
ding

TEd :j VhXIp1 dt or TE,«]:[ VhXVh/Rtﬂdt
Y

(6)

The product of the voltage, /1, and the current, I¢2, shall be integrated over a time interval of at least

3 X (Re1 X Cx) or 6 x (Re2 x Cy), whichever is higher, to obtain the discharged energy (TEgyr) in ]
according to Formula (7):

TE gy = I Vixlgydt or TEg, = J' Vy xVy /Rypdt

12

oule

(7)
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