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Introduction

m Background
Regulations are needed for ensuring safe operation of FCV high voltage system
m To prevent fire, explosion, human injuries

Complex system behavior makes it difficult to generate regulation which can prevent all possible
accidents

= A methodology to check the coverage and completeness of the regulation items is needed

m  Objective
Propose a rulemaking process of electrical safety regulation for fuel cell vehicle high voltage
systems

m Capable of checking coverage, completeness

m Capable of suggesting new regulations from existing regulations
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Process Introduction

m Concept

Generate requirement list by brain storming and update the requirements systematically
m Use Regulation Coverage Analysis Method to check and improve coverage of regulated areas
m Use Regulation Completeness Analysis Method to check and improve completeness of requirements
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Process Introduction

m Flow chart

Generate new requirement item pool

= Make an item pool that stores
requirement items

m  Generate requirement items by
brainstorming

Check & compensate coverage

m Use proposed “Regulation Coverage
Analysis Method”

Check & compensate completeness

m  Use proposed “Regulation
Completeness Analysis Method”

Update requirement item pool

=» Update item pool by adding new
requirement items

Generate Item Pool

A

4

Check & Compensate Coverage

(Regulation Coverage Analysis Method)

Check & Compensate Completeness
(Regulation Completeness Analysis Method)

A

Update Item Pool

End
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Regulation Coverage Analysis Method

m Concept

Distribute requirement items onto “Distribution Graph” to check coverage and compensate low density
areas

Distribution Graph
axis2 A
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Regulation Coverage Analysis Method (Cont’d)

m Flowchart

Step 1

Step 2

Step 3
Step 4

Step 5

Step 6

Brainstorm / Generate Axis Pool

:

Draw empty Distribution Graphs

:

Categorize items with axes

:

Fill in Distribution Graphs

:

Analyze Distribution Graphs

Is the
emptiness/weakness
reasonable?

Yes

Compensate weak area

Step 1. Brainstorm / Generate axis Pool
Step 2: Draw empty Distribution Graphs
Step 3. Categorize items with axes
Step 4: Fill in Distribution Graphs

Step 5: Analyze Distribution Graphs

Step 6: Compensate weak area



Step 1: Brainstorm / Generate Axis Pool

m Brainstorm as many axes as possible which can be used to check the
coverage of requirement items
Add axes into axis pool

Examples of axes
= Probability of successive accident
= Manufacturer-related to user-related
m  Machine-related to human-related
m Low electric current to high electric current

= |dle speed to high speed

electric

current
high 4
[
[
1

one axis : two axes
[
1
1
___________ —-»> low I——————————____»
manufacturer user machine human
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START

Brainstorm / Generate Axis Pool

'

Set 2 Axes /
Draw empty Distribution Graph

I

‘ Categorize items with Analyzing Axes

:

‘ Fill in Distribution Graph ‘

:

‘ Find empty/weak area & Analyze ‘

Is the
emptiness/weakness
reasonable?

‘ Add more items / Cover the area ‘




Step 2: Draw empty Distribution Graphs

START

Brainstorm / Generate Axis Pool ‘

Select two axes and draw Distribution Graphs

!

Set2 Axes/
Draw empty Distribution Graph

v

Consider all possible combinations formed by two axes out of axis pool

‘ Categorize items with Analyzing Axes

I

Select two axes whose combination is meaningful |

Fill in Distribution Graph ‘

!

Example |

Find empty/weak area & Analyze ‘

m Axis 1: manufacturer-related to user-related

= Axis 2: low probability to high probability of accident

Is the
emptiness/weakness
reasonable?

Yes

.
.

”
*  Importance X
~ N

" -

== —= ﬁ
. Manufacturer * R User ¢
N\ Related / N\ Related /

A ! e g =
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Step 3: Categorize items

with axes

m  Assign numbers to every requirement item of the item pool for every axis
Requirement items are categorized by the assigned numbers
Example (with Microsoft Excel)
m User orientation: from 1(manufacturer-related) to 10(user-related)
m Probability of successive accident: from 1(low) to 10(high)
probability of accident manufacturer <> user
T~ P
Mo ltems Importance Manufacturer <> User Idle <-» Energized Mormal <-> Accidental Tested <-> Just follow
1 ‘Motor must be separated by at least XK¥ cm from the vehicle chassis, 5 1 2 1 1
o Motor must be separated by at least ®¥¥ cm from hwdrogen tank and fuel o 1 2 1 1
cell stack, -
3 Motor must be separated by at least XX cm from inverter and battery, 4 1 2 1 1
2 Motor must be electrically isolated from the chassis ground, the electrical - 1 5 1 1
isolation between motor and ground must be greater than ¥x Ohm, '
5 Motor coil must be insulated from outside to prevent arcing, - - z 1 z
Motor must be shielded by metallic enclosure which is grounded to
6 |chassis ground and shielding enclosure of motor must be insulated from i 2 2 1 2
outside,
When an accident occurs, connection between motor and inverter must be
7 |blocked so that the motor should be de—energized to prevent following 1o b 2 2 2
accidents,
Propulsion battery must be separated by at least ®¥ cm from hwdrogen -
51 i 1 2 1 1
tank and fuel cell stack,
Fropulsion battery must be electrically isolated from the chassis ground,
9 the electrical isolation between battery and ground must be greater than X g i 2 1 1
kChm,
10 Propulsion battery must be insulated from the other electric components, - 1 z 1 z
Battery must be shielded by metallic enclosure which is grounded to
11 |chassis ground and shielding enclosure of battery must be insulated from i 2 2 1 2
outside,
12 When an accident occurs, power connection between battery and inwverter 10 4 3 o o
must be blocked so that the vehicle should be de—energized,
13 Even when an accident occurs, battery must be isolated from physical q - 2 2 2

contact with passengers,

12

START

‘ Brainstorm / Generate Axis Pool ‘

:

Set 2 Axes /
Draw empty Distribution Graph

[
v

Categorize items with Analyzing Axes

v
‘ Fill in Distribution Graph ‘

I

‘ Find empty/weak area & Analyze ‘
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Step 4: Fill in Distribution Graphs
m Place requirement items into Distribution Graphs

For each requirement item, check numbers of two axes in the item pool

Place requirement on item into area decided by the numbers of two axes of the
Distribution Graph

START

‘ Brainstorm / Generate Axis Pool ‘

:

Set 2 Axes /
Draw empty Distribution Graph

I

Categorize items with Analyzing Axes

!

‘ Fill in Distribution Graph

:

‘ Find empty/weak area & Analyze ‘

No ltems Importance Manufacturer <-> User ldle {-> Energized MNotmal <-> Accidental Tested <-> Just follow
1 sMotor must be separated by at least ¥X cm from the vehicle chassis, !_ & 1 _I z 1 1
: '\Motor must be separated by at least XX cm from hydrogen tank and fuell : _____ 1_ oo _| o 1 1

r={celhgtack. e e e 1
&) MBtQ;\nust be separated by at least X¥ cm from inverter and battery, 4 1 2 1 1
4 Motor muﬁ. be electrically isolated from the chassis ground, the electrical - 1 o 1 1

isolation betwegw motor and ground must be greater than #x Ohm, '
5 |Motor coil must b&lmulated from outside to prevent arcing, : 2 2 1 z

Motor must be shlelded\b metallic enclosure which iz grounded to
6 chassis around and shidding saclosure of motor must be insulated from 7 2 2 1 2

outside S S

. N ~
\ \
N > ( Importance A
Y ~ <
N\ N N
~
N ~
\ ‘.A
A Y
N @
N\
N
N
N
‘@
Manufacturer User
Related Related
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Step 4: Fill in Distribution Graphs (Cont’d)

m Example of Distribution Graph #1
1 Axis 1: manufacturer-related to user-related

1 Axis 2: low probability to high probability of accident

Importance A

high probability @

5® @ “
®®
® ®®

H® @ @
@ Fo®
D@ ®@

" ®
oosk vo ik
@@@e
@ @@ @ o®

low probability

User

Manufacturer
Related

Related
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Step 4: Fill in Distribution Graphs (Cont’d)

Example of Distribution Graph #2

1 Axis 1: machine-related to human-related

1 Axis 2: low probability to high probability of accident

Importance A

high probability @ % @
®

o $° ©

- S C

® .

29

]

@@

low probability

FEE
E®

000
000 Q00

machine related

>

human related Human
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Step 4: Fill in Distribution Graphs (Cont’d)

Example of Distribution Graph #3

1 Axis 1: manufacturer-related to user-related

1 Axis 2: low electric current to high electric current

Current A
(17) (19)s5)
high current @ @
9@9@@@ () (43)22)(9)(c2)
g (@)
25)(23)(76)26)74)24)
(12)
®
(D23 (59)
:
(6915) @
(53)
QO
(21)
@ @ ’ (32)(5)

manufacturer related

user related

16

User
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Step 4: Fill in Distribution Graphs (Cont’d)
m Example of Distribution Graph #4

1 Axis 1: manufacturer-related to user-related

1 Axis 2: idle speed to high speed

Running
State A

high speed

idle speed

®_ @@
@ OB HENsEE O8O
® @ GREEEE @
BEEE®E @

manufacturer related user related

User



" <M

Step 4: Fill in Distribution Graphs (Cont’d)

m Example of Distribution Graph #5

1 Axis 1: machine-related to human-related

1 Axis 2: low electric current to high electric current

Current

high current

low current

A

ONC)

EEGE ®
®

®E®

ol

®
beE

@998 ©
®6E GG

86

(8 (8)
Q@@@ 66@ ®®
v

machine related
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human related
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Step 5: Analyze Distribution Graphs

Brainstorm / Generate Axis Pool ‘

m Mark low density areas and high density areas to analyze distribution of the o
. . Draw empty Distribution Graph
regulation items | I
Categorize items with Analyzing Axes
m  Assign zone to each area L s |
1 Analyze implications using two axes information for each zone | Find empoymeak area & Anayze |
Importance A J!
/////// Is the \\\\\ ves
‘‘‘‘‘ — — = - low density area <\5Tf)§$§§§$§§$§nefi i

~
-
s

high probability

= = = = high density area [ne

‘ Add more items / Cover the area ‘

Zone 1: High probability of accident caused by
user responsibility

Zone 2: High and medium probability of
accident caused by both user and manufacturer
responsibility

S
:4 Zone 3: Low probability of accident caused by
both user and manufacturer responsibility

s -:: Zone 4: Medium probability of accident caused

. .. by user responsibility

low probability

Zone 5: Manufacturer oriented responsibility
Manufacturer User
Related 19 Related



Step 5: Analyze Distribution Graphs (Cont’d)

m Analyze low density zones

Decide whether more requirement items are needed

= If the low density zones are reasonable, more items are not required

Also, check whether the low density is a result of inappropriate axis selection

Importance

Description:

High and medium probability
of accident caused due to
both user and manufacturer
responsibility

Distribution Density:
Very low

Analysis:
No specific reason for
emptiness

Conclusion:

Need to be filled

4 -

Description:

High probability of accident
caused due to user
responsibility

Distribution Density:
Very low

Analysis:
Users don’t need to take high
responsibility

Conclusion:
No need for more regulations

A

@ @@ @ s l
@/ N @ \\ _ !
OGO I
@ ..\\ ~\\ \ ]-'(r’_"_‘) :'
@@:, 2 \|| (59) :
D (m) @ Go) . '\ '\~_ :
o‘o@. v @ @GN I
) (5353 32)39) !
@000~ 8-, /
. D e NEoN

®®E ), :
® @@ @) @29 2 .g

@®) ®) ooo.

Related Related
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Description:

Low probability of accident
caused due to both user and
manufacturer responsibility

Distribution Density:
Very low

Analysis:

No specific reason for

.| emptiness. Typical safety
related working environment
can be added

Conclusion:
Need to be filled




" <M

Step 5: Analyze Distribution Graphs (Cont’d)

m Analysis of high density zones

1 Decide whether to merge certain regulation items or not

m [f there are duplicated items, merge them

1 Also, check whether the high density is a result of inappropriate axis selection

Importance

Description:

Manufacturer oriented
responsibility

Distribution Density:
High
Analysis:

Manufacturer should take
main responsibility for the
safety of FCV, and this area
shows well-distributed
regulation items.

Conclusion:

Well covered

A

Description:

Medium probability of accident
caused by user responsibility

Distribution Density:
Very high
Analysis:

High density caused by
diagnosis and auto repair
shop activities

Conclusion:

Well covered

.

Manufacturer
Related

User
Related

21




Importance

Add additional requirement items to the low distribution density area

Select one of the surrounding requirement items as starting point (Ex: Item 71)

more related to user l

95. Every battery should be

Battery should work normally as
specified in regulation item 71.

diagnosed before released to market.

more related to user !

99. A 10 Year warranty should be
given by manufacturer to the
customer. Incase if the normal work
condition of item 71 is not satisfied,
battery should be replaced free of

| charge.

Step 6: Compensate weak area
|
inferring from surrounding requirement items
Analyze the property of starting point
Generate a new requirement item inferring from the property of starting point
o) @ 4l
® TOTT__ @
L0
DO @
() @) %)
© a0 e
OOOH. B o - CHEEE
peee @00 .
DD, ff‘f . e ‘3
@@ & @@
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START

‘ Brainstorm / Generate Axis Pool ‘

I

Set 2 Axes /
Draw empty Distribution Graph

I

‘ Categorize items with Analyzing Axes

I

Fill in Distribution Graph

I

‘ Find empty/weak area & Analyze ‘




Result of Regulation Coverage Analysis Method

m 386 items before process applied

r=--

L _ _ _| Items after process applied

m 21 items can be added after Regulation Coverage Analysis Method

[N~ ]items

Aing nomally Ltermperature under §

i

) freauency longer
urs,
tion cable of Hydrogen tank should be shielded,

76 12 cables with /altage input/outout shauld be placed apart mare than AX cm,

17 Power cable noise freauency should be inthe range of Wi EHz to KX MHz,
KHz to KH Wbz,

| 79 [2hield effectiveness between each electiic device should be moie than X% dB

[ 75 antenna freauency should ke in the range

nted propagation of intetference energy
Id be shielded,
of cables should be grounded,

tumed ¢

85 Indicator for woltage level generated in fuel cell stack must be mounted to the vehicle

an Any cable which canies high voltage / large current should
| vehicle, it should be seperated from the interior ot [east by 30

— — —

with inzulsted handles at the end when charging the Hwdrogen ilrs:uletionl

item pool before process applied

T ===
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4 When soldering red color cable the saldering poi d not change the
/ 104 insulation thickness by X3 mm, # the thicknes: ; d by muore than
/ w25 mm, Note should be taken in this issue,
/ When debuaging with rnotor an additional button which could cut off all
| / {00 the electricity at one press should be gvallable, This button should be
/ givan with bright color (Ex: red)
1 / Whier debugging with battery an addiional button which could cut off all
/ 106 the elechicity at one pr should be avallable, This button should be
given with bright color (Ex red)
l II When debugaing with inverter an addiional button which could cut off all
| W the slecticity at one press should be awallable, This button should be
/ aivar with bright color {Ex: red)
| / oo Al connactions fo inverter with voltage In orange (ee¥-we) should be
/ L insulated with rrsderials) with # thicknes
/ 1 &l connections fram inverter with vollage in range (ueV-yyv) should be
/ 7 insulatad with (zz materials) with # thickness
/ " Al connections fo battery with woltage in range (weV-wyyl should be
/ insulated with (= materdals) with # thickres
/ " i) connectiong from baﬁery with woltage in range (weV-yyyd should be
insulated with (22 matedals) with t thickness
/ 1o &l connections fo motor with voltage in range (xx¥-yyy) should be
insulated with (zz materials) with it thickness
/ 19 Sl connec from mcdor with woltage In range DeV-wyvl should be

insulated with {2z materizls) with # thickness

Hydrogen tank's metsl cese should be painted with insulafion paind
materials with «x color

= metal case should be painted with insulation paint materals with

Inverter's metal case should be pairted with insulation paint materials
olor

Battery's metal case should be painted with insulation paint materials
with xx color

item pool after process applied

Added Item Poll
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Regulation Completeness Analysis Method

Concept

Distribute requirement items onto “Completeness Table” to check completeness and add more items

to missing cells

Completeness Table

Category — |

Usar Menufacturer

Basic Elements — |
(lowest sub-category)

12,13,14,15| % >-8.10:11

16,17,27.2
.18,19,20,2|:19.17.27.2) 99 35 33,35,38,38,3

0,44,45,48, > b
1.22.28.28.| 7 4a g ¢ |9.41,42.49.61,62.69

1.,60,61.62,68,84,86

40,64,68,6
lo.-¥

Supply Statlon Worker

S

81,934,397

empty cells cells

cell with with
high # small #
items items




Regulation Completeness Analysis Method

Flowchart
Brainstorm / Generate Completeness
Step 1 Category
Step 2 Draw empty Completeness Table
Step 3 Categorize items
Step 4 Fill in Completeness Table
Step 5 Find empty/weak area & Analyze
Is the V.
5 es
emptiness/weakness
reasonable?
Step 6 Compensate weak category

Step 1: Brainstorm/Generate Completeness Category
Step 2: Draw empty Completeness Table

Step 3. Categorize items

Step 4: Fill in Completeness Table

Step 5: Analyze Completeness Table

Step 6. Compensate weak category

26



Step 1: Brainstorm/Generate Completeness Category

m Brainstorm as many categories as possible which can be used to check
the completeness of requirement items
Find categories

Break down each category to form a hierarchical structure

m Break down as far as possible until basic elements are found

m lowest sub category

I FCV high voltage System I

l break down

START

Brainstorm / Generate Completeness
Category

Draw empty Completeness Table

:

Categorize items

:

Fill in Completeness Table

I

‘ Find empty/weak area & Analyze ‘

Compensate weak category

END
_____________ -FCVhighvoltageSystem__..__________
,”I—’Iy—dr—oaen B |
~_ _Tank Motor Battery Inverter —ot—hfzr—s, A
I break down
FCV high voltage System
Motor __Battery ___ | ____ Inverter
Hydrogen [_-----~ i "DC/AC-|
Tank -~ =40k Main Super others
N <40kwW W Battery | Capacitor DC/DC converter cor;\:ert » D
l break down
FCV high voltage System
Motor Battery Inverter
Hydrogen
Tank a0k > 40K Main Super DC—/DC conve[ter DC/A?t others
w Battery | Capacitor }- —LDC HD(; ~] conve
' I~ A ! er



Step 1: Brainstorm/Generate Completeness Category (Cont’'d)

Examples
Human
FCV high voltage system
Insulation
Vehicle state

Human
User Manufacturer Supply Station Worker
Driver Passenger Designer Worker Maintenance Man Hydrogen Battery
FCV high voltage System
Motor Battery Inverter
Hydrogen DC/DC converter | DC/AC
Tank <40KW >40k Main Super convert others
w Battery Capacitor LDC HDC
er
Insulation
Human Vehicle
Gloves Shoes Clothes Glass Helmet Jacket Equipment case [ Connector body
Vehicle State
Parking Idleness Driving

28




START

Step 2: Draw Blank Completeness Table

Category

m Select one category and draw Completeness Table Draw empiy Completeness Table

1 Make cells which can be filled with item numbers e .
!
| Exam p I e Fill in Completeness Table

!
o Human Categ Ol’y Find empty/weak area & Analyze

= All human who could possibly be related to FCV

Is the

Human

Compensate weak category

User Manufacturer Supply Station Worker

en Battery

Driver Passenger Worker Maintenance Man Hydro

e BEEEEEE T - - - - -  —: = -
e . 37 ...y
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
-

-
-
-
-
-
-
-
-
-
-
-
-
-
.
.
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

.
.
.
- -

.
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-

-

-

-

-

-

o —— -

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
-
-
-
-

-
-

.
-
.
.
-
.
-
.

.
. . .
.

.

Place to be filled with item
numbers
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Step 3: Categorize items

Assign numbers to every requirement items of the item pool for every axis

Regulation items are categorized by basic elements

Example (Using Microsoft Excel)

= Human category
driver, passenger, designer, worker, maintenance man, hydrogen station worker,
battery station worker
N-litems [+ Hurman [~
When battery is put back into the car, we should wait at least Xx minutes .
40 ; ] Ciriver
until the motor is turned on.
When debugging with motor an additional button which could cut off all the e .
41 i : Maintenarce man
electricity at one press should be available.
When debugging with inwerter an additional button which could cut off all . o _
4z et : rMaintenance man
the electricity at one press should be available,
When debugging with battery an additional button which could cut off all .
43 o : Maintenance man
the electricity at one press should be available.
a4 Cable connected to motor input & out should follow the following color rule Maintenance man
(0 — KHW White, XKW — XKV Green, KKV — KKV Blue, Above XKV Red) . -
a5 Cable connected to battery input & out should follow the following color ki
rule (0 — XHV White, KXY — XXV Green, XXV — XKV Blue, Abowve XXV Red) s
48 Cable connected to inwverter input & out should follow the following color b
rule (0 — HXY White, HKY — KXY Green, XXV — ¥RV Blue, Above KXY Red) L -
When soldering white color cable the soldering point should not change _ L
47 ; 7 ; hanufacturer
the insulation thickness by XX mm
a5 Whgn solqerlngl areen color cable the soldering point should not change e
the insulation thickness by Y% mm
When soldering blue caolor cable the soldering point should not change the -~ -
43 : : hAanutacturer
insulation thickness by £2 mm
when soldering red color cakle the soldering point should not change the - .
50, ] h bAanufacturer
insulation thickness by TTmm
Chassis should ke grounded at the same level with test equipment when .
51 - : Dresigner
motor debugging is behawved
Chassis should be grounded at the same lewvel with test equipment when .
B2 : : Drezignier
inverter debuaging is behaved
Chassis should be grounded at the same lewvel with test eqguipment when .
53 ; Drezigner
battery is taken out from the car
54 Driver should not keep on driving when battery is lower than HKK% of all o
the powers -
LED indicator which indicates the power for motor should be installed, on . .
[=is3 3 3 Cresianer
means the motor is running,
LED indicator which indicates the power for battery should be installed, on .
BB ] : Lesigner
means the battery is running,
LED indicator which indicates the power for inverter should be installed, on .
57 ; ; ; Desianer
means the inverter is running.
58 Mdotor should not be turned on when fuel is imported to hwdrogen tank Designer
548 Battery should be cut when fuel is imported to hyvdrogen tank Cresigner

Human category items

30

Human category

START

Brainstorm / Generate Completeness
Category

Draw empty Completeness Table

¥

Categorize items

v

Fill in Completeness Table

!

Find empty/weak area & Analyze

Is the

Compensate weak category




Step 4: Fill in Completeness Table

m Place all requirement item numbers in the Completeness Table

For each requirement item, check elements of the category

Place requirement item number into cells in the Completeness Table

START

Category

‘ Brainstorm / Generate Completeness ‘

Draw empty Completeness Table

:

Categorize items ‘

:

Fill in Completeness Table ‘

'

‘ Find empty/weak area & Analyze ‘

=

5

[\[-]Items

 wwhen batterw is put back into the car, we should wait at least XX minutes

e LNt the motor is turned on,

L ElEctricity at one press should be availakble.

a4z ihen debugging with inwverter an additional button which could cut off all
ths electricity at one press should be available,

43

14

45

A4

hem

(ﬁ] — HEN Wth MW — HEA Green, =RV — HEY Blue, Abowe KW Red)

C?Eble connectesl to battery input & out should follow the following color
r

~"'1. “When debugging with motor an additional button which could cut off all th

debugging with batteryw an additional button which could cut off all
e eleciicity at one press should be awvailable,
Rable corNected to motor input & out should follow the following color rule

(00— Whii:l\;,\}{}{\-" — ®WEW Green, ®K¥Y — BEV Blue, Abowe KEW Red)

Cable connected to igwerter input & out should follow the following color

rulg 0 — MW White, KHEW o KKV Green, KHY — XKV Blue, Abowe KXY Red)
YWhen soldering white cok:\cable the soldering point should not change

Faintenance

raintenance

tAaintenance

raintenance

rAaintenance

man

man

man

47 the |{‘|3ulation thickness bw =X inm Panufacturer
\ AN
\ \\
\ S Human
-.‘ ~\\
v User ~ Manufacturer Supply Station Worker
\ S
DriveF\ Passenger Designer WorkeF\.\ Maintenance Man Hydrogen Battery
B 1,2,3,7,8,9, N
\ | 12,13,14,15|4,5,6,10,11 30,32,33,§5,36,38,3
40 ,18,19,20,21,16,17,27,2 9,41 31,34,37
1,22,23,24, 9,
25,26,28

31




Step 4: Fill in Completeness Table (Cont’d)

Example of Completeness Table #1

Human

m  User: Driver, Passenger

m  Manufacturer: Designer, Maker, Maintenance man

= Supply Station Worker: Hydrogen, Battery

Human
(86)
User Manufacturer Supply Station Worker
(4) (77) (5)
Oriver Passenger Designer Worker Maintenance Man Hydrogen Battery
(4) (0) (32) (26) (19) (2) (3)
1,2,3,7,8,9, 4,5,6,10,11
12,13,14,15 16.17.27 2
,18,19,20,2 944 45 4é 30,32,33,35,36,38,3
40,54,58,5 1,22,23,24, |, .~ - 19,41,42,43,51,52,53
9 25,26,28,55| 47:48:49.51 " 51 62,63,64,65 | o084 | 31.34.37
0,66,70,71,
,56,57,67,6
72,73,74,7
8,69,76,77, 5,81,82,83
78,79,80,84| 77 T

Human category
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Step 4: Fill in Completeness Table (Cont’d)

Insulation

m  Human: Gloves, Shoes, Clothes, Glass, Helmet

m  Vehicle: Jacket, Equipment case, Connector body

Example of Completeness Table #2

Insulation
(22)
Human Vehicle
(10) (12)
Gloves Shoes Clothes Glass Helmet Jacket Equipment case | Connector body
(3) (7) (0) (0) (0) (7) (5) (0)
34,35,36, 5,27,29,47,
31,32,33(37,38,39, 48,49,50 6,10,11,16,17
83

Insulation category
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Step 4: Fill in Completeness Table (Cont’d)

FCV system

Example of Completeness Table #3

m Hydrogen tank. Motor, Battery, Inverter, Chassis, General

FCV System
(86)
Hydrogen Tank Motor Battery Inverter Chassis General
(11) (23) (16) (14) (1) (21)

14.15.16.33 23,24,25,26,27,
50 17 18.19.20 21 7|1:2:3,5,6,9,40,44,58,66,18,10,11,13,43,45,| "L 0" ") 29,30,47,48,49,
’5 é5 5’9 é3 é4 "14,7,12,32,35,38,41,51,5| 53,54,56,62,65,7 6 5’2 5’7 6’1 28 50,67,68,76,77,
Termm e 5,60,63,69,70 1,72,31,34,37 é4 %3 %4 ’ 78,79,80,81,82,

86

FCV system category
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Step 4: Fill in Completeness Table (Cont’d)

Example of Completeness Table #4

Vehicle state
m  Parking (off state)
m |dleness (not running state)
= Driving (running state)

Vehicle State
(86)

Parking
(56)

Idleness
(29)

Driving
(1)

1,2,3,4,5,6,8,9,10,11,13,14,15,16,
17,18,19,21,23,24,25,26,27,29,31,
34,35,36,37,40,44,45,46,47,48,49,
50,55,56,57,58,59,66,67,68,69,73,
75,76,80,81,82,83,84,85,86

7,12,20,22,28,30,32,33,

38,39,41,42,43,51,52,53

,60,61,62,63,64,65,70,7
1,72,74,77,78,79

54

Vehicle state category
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Step 5: Analyze Completeness Table

m  Mark blank cells or cells with small number of requirement items to analyze

completeness of the requirement items

m  Check whether it is necessary to add new requirement items

Mark red when needed, blue when not needed

Human
(86)
User Manufacturer Supply Station Worker
(4) (77) (5)
Driver Passenger Designer Worker Maintenance Man Hydrogen Battery
(4) (0) (32) (26) (19) (2) (3)
11.2,3,7.8.9, 14 5 6 10,11
112,13,14,15 16.17.27 2
1,18,19,20,2 944 4’5 46 30,32,33,35,36,38,3
40.54.88 5 11,22,23,24, |, o  ~ - |9,41,42,43,51,52,53
9 |25,26,28,55| 47:48:49.5 | "0 61 60.63,64,65 | °o84 | 81,3487
0,66,70,71,
|,56,57,67,6
72,73,74,7
18,69,76,77, 5 81 82 83
_____ 178,79,80,84| =~ "7
~ Q nl

No need to add more items

Passenger does not need to follow any

regulation

\

/

START

‘ Brainstorm / Generate Completeness

Category

Draw empty Completeness Table

I

‘ Categorize items

:

‘ Fill in Completeness Table

:

‘ Find empty/weak area & Analyze

-
-

<femplinessiweakness :j::
<
~._reasonable?
- -

_ /
-
INO

Yes

‘ Compensate weak category

More items need to be added

Hydrogen and battery supply station workers need
more requirement to prevent FCV high voltage

accidents
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START

Step 6: Compensate weak category ¢
m Add additional requirement items to empty cells or cells with small amount D“‘Wemp“fc‘”l‘""*“*"‘*s“a""*
of requirement items | E—— |
TR . . ]
Use similarity to generate new requirement items [ i conpleeness e |
m Item 35 related to maintenance man can be used to generate new items (101,102) for !
battery supply station worker | Find emptyealarea & Anayze |

should meet the electrical regulation XXX)
new 101: Wear insulation shoes when charging electric vehicle battery (Insulation

use expandability< shoes should meet the electrical regulation XXX) |
new 102: Wear ESD preventive clothes when charging electric vehicle battery

35: Wear insulation shoes when debugging with the motor (Insulation shoes
use similarity <

Compensate weak category

(ESD preventive clothes should meet the electrical regulation XXX)
Human
(86)
User Manufacturer Supply Station Worker
(4) (77) (5)
Driver Passenger Designer Worker Maintenance Man Hydrogen Battery
(4) (0) (32) (26) (19) (2) (3)
11.2,3,7.8,9. 14 5 610,11
112,13,14,15 16.17 07 2
1,18,19,20,2 9 4;1 4’5 4’6 30,32,33,35,36,38,3
40 54 58 5 11,22,23,24, 47 48,495 9,41,42,43,51,52,53 83.84 31.34.37
9 125,26,28,55 ,60,61,62,63,64,65
0,66,70,71, @ @
}.,56,57,67.6 72,73,74,7
18,69,76,77, o o
___________ |78,79,80,84| >:81,82,83 ...
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Result of Regulation Completeness Analysis Method

m Result of the whole process
86 items before process applied

r---

. _ _ _I Items after process applied

29 new items added after Regulation Completeness Analysis method

[MI~]items - T
74 Irrverter should be working nommaly Gemperature under X5 "C) in 8K freaquency longer
| ©° than %x ho

75 Communica]

cable of Hydrogen tank should be shielded,

e

SUtout should ke placed apart mote than XX em,

cables with MxY woltage Inp

l 7/ Towet cecle noise fieglieney should be Intie rahde of KX Bz 1o BE Mz !
Antenna freauency should be in the ranae of X¥ KHz to KX MHz. I
Shield effectiveness betwsen each slectic device should be more than KX dB, |
Mo Linwanted propagation of interference energy, |

When finis
turned on,

85 Indicator for voltage level generated in fuel cell stack must be mourted to the vehicle

¥ cable which canles high ¢+
le. it should be seperated from the interior at least by

RKoom

item pool before process applied

joltage / large curent should not pass near Interior of /

38

‘_99 ‘When Charging FCV Batiery, Chargs man must check whether FCV s irlle,

100 Wear Insulated gloves for Tester when debugging with the batheny,
101 Ingulgted Gloves for Tester should meet dielectric standard X<
I
1

02 Wear Inzulated Clothes for Tester when debugaging with the battery,
03! Insulated Clothes for Tester shauld meet dislectric standard X2,

104 Caution Mark must be shown on enclosures in FCV according o the Aricle 2,

105 Enclozure Thickness must be XXorm,

106 Dirver should not keep on Driving when he or she hesr unusungl motor noiss,
107 Temparature of FCY Modar should be controlled with In 5 - 500 C when driving,

108 Ternperature of FCY Battery should be cordralled with in 33 - 3% C when driving,

109 Humidity of FCY Matar zhould be controlled above whan driving,

Car Body should be grounded af the same leval with test equipment when motor debugging is
IRl

behaverd
111 Car Body should ke insulated with X< thinkness and YY material,

112 Comrnunication wire noise frequency should be in the range of XX KHz to Xx MHz,

113 Hed wire must have shield effectivene s B,
114 Green wire must have shield effe sast Y dE

);i.f—‘..*@omam wsthaus shisld ofactianaes ablaast 27 d, — — — — — — — — —

item pool after process applied

Added Item Pool
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Conclusion

m Conclusion

Rulemaking process of electrical safety regulation
for fuel cell vehicle high voltage systems is proposed
m  We propose Regulation Coverage Analysis Method
Find regulation missing areas with proposed “Distribution Graph”
Add more requirements by systematic brainstorming
s We propose Regulation Completeness Analysis Method
Verify completeness with proposed “Completeness Table”

Add more requirements by inferring from other requirements
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