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Research on Standards for Protection against Electric Shock
in Global Technical Regulations of Fuel Cell Vehicle
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ABSTRACT

This paper analyzes the backgrounds of the standards for protection against electric shock in Global
Technical Regulations (GTR) of Fuel Cell Vehicle (FCV). Targets on research were high voltage criteria,
safety current, isolation and grounding resistance, time limitation, energy, adequate clearance, and test procedure.
Based on human impedance and effect of current in IEC 60479-1, safety of human was examined. Then,
isolation and grounding circuit model of FCV were analyzed theoretically. The results give several suggestions:
touch voltage less than 25V, AC energy less than 0.0813J, separation considering middle finger length,
grounding resistance less than 0.2%, maximum AC ground voltage of 1V (rms), and isolation resistance
between earth and electrical chassis. In MATLAB/Simulink environment, error characteristics of isolation
resistance measurement procedure using internal DC sources were analyzed under variations of internal
resistance of voltmeter and isolation resistance.
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Definition
High voltage : classification of an electric com-
ponent or circuit, if its maximum working voltage
is > 60V and < 1500V d.c. or > 30V and <
1000V a.c.
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Working voltage : the highest value of an electrical
circuit voltage, specified by the manufacturer,
which may occur between any conductive parts in
open circuit conditions or under normal operating
conditions.

Live parts : conductive part (s) intended to be
electrically energized in normal use.

Protection degree : protection provided by a barrier/
enclosure related to the contact with live parts
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by a test probe, such as a test finger (IPXXB)
or a test wire (IPXXD).

Exposed conductive part : the conductive part which
can be touched under the provisions of the pro-
tection degree IPXXB, and which becomes elec-
trically energized under isolation failure conditions.

Electrical chassis : a set made of conductive parts
electrically linked together, whose potential is
taken as reference.

Active driving possible mode : vehicle mode when
application of pressure to the accelerator pedal
(or activation of an equivalent control) will cause
the electric power train to move the vehicle.

Service disconnect: device for deactivation the
electrical circuit when conducting checks and
services of the RESS, fuel cell stack, etc.

Dry condition: skin condition for a human taking
a rest under normal environment.

Water-wet condition: skin condition for a human
exposed to public use water (resistivity p=3,500
& + cm, pH=7-9) for 1 minute.

Saltwater-wet condition: skin condition for a human
exposed to 3% saltwater (resistivity p=30%2:cm,
pH=7-9) for 1 minute.

Nomenclature

c : capacitance, F

7 : current, A

IPXXB : the protection degree related to joint test
finger bent up to 90° with its full length
of 80 mm, stop face of @50 mm-20
mm, and test force of 10N£10%

IPXXD : the protection degree related to test wire
with its full length of 100 mm, stop
face of sphere 35 mm, and test force
of IN+10%

R . resistance, Q

v : voltage, V

zZ : impedance, &

e : error

p : resistivity, &2:cm
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Subscripts

. electrical chassis

: exposed conductive parts

: fault current

: grounding

: human

. isolation

: measured value

: negative side of high voltage bus
: standard known resistance

: positive side of high voltage bus
: power source

. stray capacitance

. tire

. true value

. voltmeter

. error

Abbreviation

. alternating current

. american national standards institute
. direct current

. electric safety

. fuel cell vehicle

: federal motor vehicle safety standards
. international electrotechnical commission
. institute of electrical and electronics

engineers

: working party on passive safety

: global technical regulations

: rechargeable energy storage system

: united nations economic commission

for europe

: ventricular fibrillation
: working party 29, world forum for

harmonization of vehicle regulations
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Table 1 Contents and brief descriptions of ELSA-7-09
(*): target for study

0
M4

Table 2 Contents and brief descriptions of ELSA-7-10

(*): target for study

Contents Brief description Contents Brief description
Electric vehicles after crash 1. General Electric vehicles in use
1. General test
est(s) 2. Definitions 26 items
2. Definitions 23 items 3. Requirements for protection
3. Requirements against electrical Shock
= - _ - . -
3-1 Blectrolyte spillage = §.0 £, after 30 min 3-1 Protection against direct
outside passenger contact
from RESS rtment
compartmen 31-1 Passenger and luggage
3-2 Traction battery retention Not 1nrstlr(rlle It)assenger compartments: IPXXD
compartmen 312 The other compartments:
3-3 Electrical safety IPXXB(*)
. . AC: 500Q/V(¥) Less than high voltage
3-3-1 Isolation resistance DC: 100Q/V(¥) 3-1-3 Connectors within 1 second after
. * separation(*)
3-3-2 Voltage AC: < 30V(%) . .
DC: < 60V(¥) . . Easily accessible under
3-1-4 Service disconnect IPXXB(*
33-3 Energy DC: < 0.2(%) *)
- High voltage equipments
. . Grounding: 0.1 (*
3-3-4 Physical protection rounding . ) 3-1-5 Marking The outer covering of
Test current: 0.2A
cables and harness
4, Test diti
b C(?n fhons — - Grounding: 0.12(*)
4-1 Vehicle conditions Energized 3-2 Protection against indirect | Test current: 0.2A
4-2 RESS state of charge | Maximum, 95%, or nominal contact E}zlmh'grounding in
- charging
43 f;lsett;i)l/ conversion (Not established) AC: 500 Q/V(*)
3-3 Isolation resistance DC: 100Q/V(*)
5. Test procedures IMQ for coupling system
5-1 Test setup and equipment | 10MS of voltmeter(*) 4. Requirements for RESS Ventilation, no overheat
5-2 Bus voltage After 5 seconds 5. Requirements for functional | Indication of active

5-3 Resistance isolation Tolerance of Ro : +20%(*)

5-4 Electrical energy Integration of Vb-le

5-5 Physical barrier Using access probe

Attached sheet 1 - Protection

IPXXB(*), IPXXD
degrees

7] B2 AEA Y, sAw o] Aol 1A
(high voltage) A|2~81o 2 ¢8| &3} 7449 9
o] 9l FAEWL 5o ) 93247} 9l
el A solnels Agel oy Bl $4
o whe A <l 4 oL 7 Al e
AAoH, Al A7t Ergetato] Auapeh A%}
JA Aol AU
oj¢} e AldHE & |,
Sl A vl daal
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safety

driving possible mode

Attached sheet 1 - Isolation
resistance measurement method

Using the vehicle’s own
RESS as DC voltage
source

- 10M& of voltmeter(*)
- Ro: £20%(*)

Using DC voltage from
off-vehicle sources

Attached sheet 2 - Confirmation
method for functions of
on-board isolation resistance
monitoring system

Test of warning activation
by inserting a resistor

Attached sheet 3 - Protection

ag
pai

ainst direct contacts of
rts under voltage

Using access probe
IPXXB(*), IPXXD
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B o AlE 23 A M2 dsH A
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“Z(protection level)ol] #3 =4 WS HAs}
al
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ELSA-7-102 2Ff A8 & 71907 tAlQte]™
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Table 3 Human impedance of 5% population with respect to contact condition, contact area, and touch voltage in KS C IEC 60479-1:

2007

Contact condition Contact 2area 25V 50V 75V 100V 200V 400V 700V

[mm] [Q] [Q] [Q] [2] [2] [Q] [Q]

Dry 10,000 1,750 1,375 1,125 990 900 850 825

Water-wet 10,000 1,175 1,100 1,025 975 900 850 825

Saltwater-wet 10,000 960 940 920 880 850 830 810
Dry 1,000 11,125 7,150 4,625 3,000 2,350 1,800 1,550
Water-wet 1,000 5,050 4,100 3,400 2,800 2,350 1,800 1,550
Saltwater-wet 1,000 1,795 1,765 1,740 1,715 1,685 1,660 1,525
Dry 100 91,250 74,800 42,500 23,000 12,875 7,200 4,000
Water-wet 100 39,700 29,800 22,600 17,250 12,875 7,200 4,000
Saltwater-wet 100 5,400 5,105 4,845 4,590 4,330 4,000 3,700

A 27|17 ARk JAE AgS 25,50, 75, 100,
125, 150, 175, 200, 225, 400, 500, 700, 1000V o] iL,
HZ Aol 3k Wak= 10,000, 1,000, 100mm20ﬂ
thal vEbdar 9ok 54 Akl thaiA = 0.

At

ZIEo® ota il E- HAF ARE b}EMEP

Table 3-= KS C IEC 60479-1 : 2007¢] A= &
of HE =7, A& WA At gt oA Jod
2ol diel 5% OHL wXo] A9z FEFE A
gk Zlolty, JF WAlo] E45 A dydae 3t
Zat, JEEHe] /A7 dow uda
7F Zashe S Holal vk FF Aol AA
¥ g A7) ghaske] 700V o) Atel A=
T duldaz detA drk w3 5% AT vlE
o] Q9 ¥ 2 A7)7F 50%9F 965%2] Q1T Hge] 1
AWl A}

2.1.2 oM SHUS
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KS C IEC 60479-1 : 20076141 DC9} AC(15-
100Hz)ol th3t -k HE0) 914 B4 ukgo] 1
g2 e ok 28] al DC, ACO] dis] <A
9] Agg]é‘l—ﬂ H-So] 717k 47] 9 o 7 Fo] At}
A9 DC-1& 7244 AF, DC-2= dury ol
= 5o 1 e 0104, DC-3& u]xuxq
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Table 4 Human current limits of KS C IEC 60479-1: 2007(*)

10ms 100ms 2000ms 10000ms
DC-1 0-2mA 0-2mA 0-2mA 0-2mA
DC-2 | 2-200mA *) 2-25mA 2-25mA
DC-3 | 200-500mA *) 25-140mA | 25-140mA
DC-4 =500mA *) =140mA | =140mA
AC-1 0-0.5mA 0-0.5mA 0-0.5mA 0-0.5mA
AC-2 | 0.5-200mA | 0.5-50mA | 0.5-10mA | 0.5-5mA
AC-3 | 200-500mA | 50-400mA *) 5-40mA
AC-4 =500mA =400mA * =40mA
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Table 5 Safety of human current path at 25V touch voltage based on KS C IEC 60479-1: 2007

Skin Skin Body Body Human | Heart | 5% VF
Current path impedance | impedance | impedance | impedance | . Total current | current limit Decision
factor(%) [Q] factor(%) (o) | impedance | | factor | [mA]
Left hand to foot 100 385 100.00 608 993 25.16 1.0 40.00
Left hand to feet 75 289 74.25 452 741 33.76 1.0 40.00
Both hands to feet 50 193 50.65 308 501 49.93 1.0 40.00 | Dangerous
Left hand to right hand 100 385 94.50 575 960 26.04 0.4 100.0
Right hand to foot 100 385 100.00 608 993 25.16 0.8 50.00
Right hand to feet 75 289 74.25 452 741 33.76 0.8 50.00
Back to right hand 100 385 52.40 319 704 35.52 0.3 1333
Back to left hand 100 385 52.40 319 704 35.52 0.7 57.14
Chest to right hand 100 385 52.40 319 704 35.52 1.3 36.77
Chest to left hand 100 385 52.40 319 704 35.52 1.5 26.67 | Dangerous
Seat to hand 100 385 56.50 344 729 34.30 0.7 57.14
Seat to both hands 75 289 32.90 200 489 51.13 0.7 57.14
Left foot to right foot 100 385 104.30 635 1020 24.52 0.04 1000

£ A4S 1000Q0-7 B S uj 5% o] AAAE fo® Frh &g Ve R o AXAE dF
71 40mA ©}2f9] 30mA°l sjg3ttt. DC 22| Ae 758 A FASG | wha]#|sko] vl
1009/VE DC-3 10% $HAIXol| &5l 25mAR T} Boolue A= 5% o] F ydae] H
254 v 10mAS] %grelt}. AC A7 A3 5009/V Q1 57500 2 ARttt Bd A2 E U 9
= AC-3 10% gHAIA] o] a3t bmA Kot 2.54) T2 H &L [EC 7150 A Algshs Qo] Hi
w2 2mA9] 94Rolth 0.2]¢] DC oy =9 B Ry E s vl gl 575Q% #te] =EH S
FE2 QA 1000Q 2 B AIG 28 71522 10ms o HEAAS 13T
ol A 200mA¢] DC-3 @HA|oltH. AvE Ry AR udas 37 o] HEA & EE
F 1% ojul 1St o]t 7ol UM e B Sk JEo e dis) WE3 2R 57t 59
A 7F 492 Q1A 10002 2 HAAS 25 th 7)E 93 dulel s 385QE 96009 F Yyl
702 AC4 A Y] 1%, 50mAel tslA] 25V 2o s Wi dulds 57508 7Aakek Aol
o] HE A olst d el S AZ E UR 3 IR AId~E §ebd
-2 37ste] AC 715l sl 1Al A S F AdYUAE =& 5V HE Al e
A8 ol 5 918 25Ve] HE At 5% QT 7] Asks ko] B AFE Askslar AlAA
B, Aol 2L A, 5 JE3ud, &5 AR s AF 71w vuskginh 1 A A HAa
A7, 01% B4 Az 5060Hz F342 133 A ek e 500Qe 2 Vet on ookl )
9%60Q YIHAS NAEAT) ~9Eo] ek B4 AF7F0mAE ZIss Sl
Table 59 Zo] 7} B4 A= ¥ <A U 2 Yehgth a8eE [ 30V oA 500Q 715
29} AFE KS C IEC 60479-1 : 2007 7]&0 & o % Ao kg Heto] oy, 01% FH A
T Bk} o] AFFol M= Table 5 ol e & FE 7Fo2 ohHdh Ake 25V m ko] W) 1
A AZE dal A7 A1 (heart current factor) of EA5t= Ao R et
g WAstal 9o, &-as ARAFASTY 7E 9, ELSAE DCY 4 938 ouA= 43}
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Fig. 1 AC energy limit curve of 0.0813] in conventional time/
current zones of effect of AC-current on persons (Fig. 20 of
KS C IEC 60479-1: 2007).

3o, ACe Ha A dUAE FAAE
o3 Qlth FCVoll A= ACE 271 EA8t2 g o]
3k 7S & gtk $4 AC 4 99 oY
A2 BA37] 94 Fig. 19 Yehd [ECe] AC A
a2 S EAE Br) <A 500Q, o 65%
9)¢] 5mA AT dal AUAE -3 A oF

0.0813] 2 YERtt) o] dlyA]d sdsl= of 2 A
AL 10msol] el 1275mAEA, F A& Alol&
Aoz 10l HpS w 1 HAMe AEL AC-2
ggol &3 oz el

2.1.3 2HIXI+= 2A
ELSA rAIRES A7} 93] 57 55 &
3 AGE WS A HEHA 4] 93 &)
g} spojojol] it BT FES Folstal vk B
T e &7 deiA s IPXXB, 9kolofd o
&M= IPXXDEH= 7|52 A, o] Zdl tis)
A 27 9 gfolo] B o] x|5=7} Ao} &7}t
2 232 joint test fingerghal &2|a1, &7peh 4
o] 80mmelH, W& (stop face)S Eall 712t
ik S0z - I EE A gk
A& IPXXBe tigh Al &7k 13
o] Aolet d=pele] &7t dol & Hlal #43}

2 otk

Trans. of the Korean Hydrogen and New Energy Societ2010. 6), Vol. 21,

10
0
M

Table 6 Mean hand sizes of South Korean adults

The number of Mean percentile
Length [mm]
measurements 1% 50% 99%,
Hand length 2579 1659 | 1854 | 204.0
Palm length 2581 9329 | 1067 | 120.1
perpendicular
Middle finger 2579 7257 | 7871 | 83.86
length
Index finger 2579 50.86 | 69.86 | 79.43
length
o, Table 6& =844 0], Eubgba A 2de], 7k
o &7t do|, A&7 dolE e Aot
OJAEL 20~60t A hgow 7 Al
X4 Wi 9] 9] 19 50%, 99%°l thal] HitS 3
Aot} 7he-Hl &7 Aol &8 ol g
Enlg Aol E W It} 24 A3 9ES
99%<] Hitol tial }2t Zoli= IPXXBY
&7k 9 Zoll 80mm MRel A o2 LpEbtx
Tk 7be-d) 71 ol 8mmE 9E Ao u
ERyth 18 BE R Y wF BN Abo] o4
71213 IPXXB 7] &80k oyt 2] 1A &7k
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Fig. 2 Isolation and grounding model of electrical power train
in FCV given by ELSA.
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Fig. 3 Isolation and grounding model of high voltage bus, an
exposed conductive part, and electrical chassis.
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Table 7 Safety of grounding resistance in FCV

Ry | Bey | LUy=2mA) | L(L5mA) | B (SmA)
[ | [9] [A] [A] [Q/V]
0.05 | 0.049995 20.002 50.0050 0.0200
0.10 | 0.099980 10.002 25.0050 0.0400
0.15 | 0.149955 6.6687 16.6717 0.0600
0.20 | 0.199920 5.0020 12.5050 0.0800
0.25 | 0.249875 4.0020 10.0050 0.1000
0.5 0.499500 2.0020 5.0050 0.1998
1 0.998004 1.0020 2.5050 0.3992
10 9.803922 0.1020 0.2550 3.9216
100 83.33333 0.0120 0.0300 33.333
1000 | 333.3333 0.0030 0.0075 133.33
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Fig. 9 Measurement method using FCV’s own RESS as DC
volage source: (a), (b) measurement of voltage across isolation
resistance; (c), (d) measurement of voltage across isolation
resistance which is parallel with standard known resistance.
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Table 8 Comparison of isolation resistance measurement methods using FCV’s own RESS as DC voltage source

Relative error of isolation resistance with respect to the different voltage resolutions [%]

RVC'meas
(ELSA-7-9, ELSA-7-10)

m 0

R,y | Ry, R

R‘JHEGS
(R100,A101)

‘NCmeas

(FMVSS 305)

0.001V|0.01V| 0.1V v

0.001V

0.01V | 0.1V IV |0.001V| 0.01V | 0.1V v

200k | 100k | 160k &2

0.0013 {0.0122{0.0060| 1.9987 | 66.2257 | 66.2291 | 66.2230 | 66.9246 | 66.8879 | 66.8915 | 66.8730 | 67.6596

200k <2 | 100k &2 | 200k L2

0.0012 {0.0093]0.1233| 3.0303 |66.2248 | 66.2219 | 66.1834 | 67.2727 | 66.8871 | 66.8844 | 66.8342 | 68.0000
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0.0004 {0.0044(0.0621| 0.0301 | 16.3931 | 16.3888|16.3230| 16.2752 | 18.0324 | 18.0289 | 17.9741 | 18.0247
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