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Prapan Tapsong 2008: Risk Assessment of Traction Battery Charging System
in a Warehouse. Master of Engineering (Safety Engineering), Major Field:
Safety Engineering, Interdisciplinary Graduate Program. Thesis Advisor:

Assistant Professor Nanthiya Hansupalak, Ph.D. 130 pages.

This study aimed to evaluate risk assessment of the traction battery charging system
in a warehouse using two methods: “What If Analysis” and “Fault Tree Analysis”. The risk
assessment was conducted according to the law of the Ministry of Industry (2542) entitled
of the Strategy of Factory’s Safety and the Indicator of Dangerous and the Regulation of
the Department of Industrial Work. Of 8 processes involving in the traction battery charging
system, there was 1 process, battery charging, which resulted in the highest and the most
unacceptable risk due to the hydrogen gas release. Assuming that ventilation in the working
area was very poor, the accumulation of hydrogen would thus be greater than the minimal
level (LEL 4%). Comparing with TNT explosion, at 1 meter distance from the source the peak
overpressure was estimated to be 216 psig which could cause a death of exposures resulting
from lung hemorrhage and eardrum ruptures. In addition, this pressure could destroy structure
and building as well as building glass. Thus, the strategy of risk reduction was established to

control and prevent the occurrence of an accident.
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charging and charging related terminal operations and equipment) 13lumunn 1917.157 ua il
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(Ambient temperature)

AMUAU IAgTOL

(Ambient pressure)

drulszneuvedIngsziiia

(Composition of explosive material)
AUANTANNMIMNYDITAY TN

(Physical properties of explosive material)
FITNWAVDINIYATLITA: FHA, WAL LAZFINIA
(Nature of ignition source: type, energy, and duration)
sUnuvvesammnadonlassou: Hveua nie liliveua
(Geometry of surroundings: confined or unconfined)
Sruuvesidadali

(Amount of combustible material)
anuulsisauvesiagaa il

(Turbulence of combustible material)
981N UAR 11

(Time before ignition)

FaifedeariuTanialil

(Fate at which combustible material is related)

3: Crowl (2001)
3.1.2.1 Detonation and Deflagration
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DETONATION
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Reaction front Shock frant _
— E"'
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In & detonation, the reaction front moves at a spoad Distance — —>

greater than the speed of sound, driving the shock front
immediately preceding it. Both fronts move at the samea
speed.

MWN 7 LAAIENHUTNNNIGATNNIINA Detonation 11515 oum Indan1izila

#31: Crowl (2001)
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DEFLAGRATION

Reaction front Pressure front
— —_—

In a deflagration, the reaction front moves at a speed |
less than the speed of sound, while the pressura front
moves away from the reaction front at the speed of
sound, '

—_
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o Frassyre (atm)
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#31: Crowl (2001)
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Tag  Z, = 71 Scale distance (m/kg )
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#31: Crowl (2001)
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idedinvngaonconiuilon p -77.1 6.91
ufynzg » -15.6 1.93
HEFINVINUTINTSUNN J -46.5 4.82
VIATVNINUITINTZUND J -39.1 445
maRuniaglaiseu J -27.1 426
Taseatrademe P -23.8 2.92
NTZINUAN » -18.1 2.79
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@830 nA1s ueuNauen lud Y.t -37.98 3.7
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t, = effective time duration (s) p’ = overpressure (N/mz)
I, = effective radiation intensity (W/m’) J=impulse (Ns/m’)

¢ = time duration of pool burning (s) C = concentration (ppm)
I = radiation intensity from pool burning (W/mz) T = time interval (min)

731: Crowl (2001)
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% 0 1 2 3 4 5 6 7 8 9

0 - 2.67 2.95 3.12 3.25 3.36 3.45 3.52 3.59 3.66
10 3.72 3.77 3.82 3.87 3.92 3.96 4.01 4.05 4.08 4.12
20 4.16 4.19 4.23 4.26 4.29 4.33 4.36 4.39 4.42 4.45
30 4.48 4.50 4.53 4.56 4.59 4.61 4.64 4.67 4.69 4.72
40 4.75 4.77 4.80 4.82 4.85 4.87 4.90 4.92 4.95 4.97
50 5.00 5.03 5.05 5.08 5.10 5.13 5.15 5.18 5.20 5.23
60 5.25 5.28 5.31 533 5.36 5.39 5.41 5.44 5.47 5.50
70 5.52 5.55 5.58 5.61 5.64 5.67 5.71 5.74 5.77 5.81
80 5.84 5.88 5.92 5.95 5.99 6.04 6.08 6.13 6.18 6.23
90 6.28 6.34 6.41 6.48 6.55 6.64 6.75 6.88 7.05 7.33

% 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

99 7.33 7.37 7.41 7.46 7.51 7.58 7.65 7.75 7.88 8.09

an: Crowl (2001)
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4.2 What If Analysis
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4.4 Event Tree Analysis (ETA)
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4.5 Failure Mode and Effect Analysis (FMEA)
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4.6 Fault Tree Analysis (FTA)
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§1ﬂﬁ$!§ﬂﬂﬂ’l‘iﬁ1u’3m

o 1 [ 1 { [ 1
1. ﬂ"liﬂﬂl’)ﬂ!ﬂﬁ‘l]ﬁ@ﬂﬂ?“])’uli-ifTﬂiL‘i]uiZﬁﬁlNﬂﬁ‘]Jﬁ%%q!,!,‘]_lmﬂ’ﬂg aamsunuaas luauns

H (ft/battery) = Cx O xGx A (16)
100
Taoh € =dwrwwad lunuanes 1 gn (ad)
< a 1 ] [
0 = nfoSiFumsseynusgninmsdszyTaodszana (lifivae) = 20%
G = Jsnasmalalasouniaesoon Tagnilaeunlsd luansiligy

(fC188) = 0.01474 ff A
A = manugueuanesnelu 6 91 Tue (euuals-42Tug)

= 450 uauuls-42 119 MUNIATTIUUUAADT (BT Midland Thailand, 2007)

o J %) ' = = <
1.1 fnu']mﬂ1iﬂaﬂfJfﬂG]fllE’IT@?lf'l]u53'Vi'J'Nﬂ'liﬂ535i!l,!,‘]JGIm@iﬂlﬂﬂllﬂ@]m@iﬂlu'lﬂlﬁﬂ

MUY 12 1ag $119 59N

Tae C=12,0=20,G=0.0147, A=450

4
%

iy H= 12 x 20 x 0.01474 x 450

e =15.92 ft'/battery
100

Y Aa [ d‘ 1 d'c =
%3llﬂ‘].]iiﬂﬂ!ﬂ?“l)’lle‘iliﬂimuﬂﬂa@ﬂ@ﬂﬂiﬂﬁ]”lﬂlmﬁmﬂﬁ]'lu?u 5N NN 1592x 5=

79.60 ft’

o 1 () 1 d‘ d' ]
1.2 ﬂ'll!ﬂﬂ!ﬂ'l'iﬂaﬁlfJﬂ'l“IfllﬁiﬂﬁLﬁ]ui%ﬁ’ﬂﬂﬂﬁﬂﬁ$ﬂlmﬁm’ﬂi"u€l%m@]m’ﬂﬁ5111!1@114'@110

HUD 24 a8 $119U 13 gn

T C=24,0=20,G=0.0147, A = 450

9y H= 24 x 20 x 0.01474 x 450

= =31.84 ft3/battery
100
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Y Aa [ d‘ 1 d'c a1
%z"lﬂﬂimmmm"laTﬂmu‘wﬂaeﬂaaﬂmmﬂumm@immu 13gn UM 31.84x13 =

413.90 ft'

=) [+ A 1 3 = qﬂll o qﬂll
ﬂsmmﬂw”laimﬁmmﬂaaﬂaammlwmmﬂmiﬂs:mmmmmm 13N U 1 A

o)) . =g}

9 0.08342 kg/m’)

3. SIAUNNAINNMTITLITANTO P, (Overpressure) AIMatnuatad luauny

PO
P =
Pa
oo P, = f1 Scale overpressure (lidinine)
P, = Overpressure (psig)
P = ANVAUVITEMA (psig)

[ 3 Y v A a Aa A 3 .
ﬂﬂuu%%hlﬂ’ﬂll‘i\iﬂu‘ﬂLﬂﬂmﬂﬂﬁi%mﬂllﬂuﬂu 15x 14.4 =216 psig

@ 1 v Jda 9 v W 1
4, E]“L!G]ﬂflﬁﬁlquﬂwuﬁgﬂiWﬂﬁuﬂl@ﬂ@‘ﬂi%ﬁﬂﬂﬁ] mﬂmmumaﬂuaumi

Y =k +khV
1 4
Tay Y = ToMaAveuranNIIal
Y a L4
\% = dwlsvesemgmanave ungnsal

(599U = N/m’), (1159052uNA = N sec/m’)

a J
k,k = Probit W1T1UINDT

1> 72

f179.60 + 413.90 = 493.52 f’ ¥3o1AV 1.44 kg (AFanuvuuiuvesmaslelasaui 25°C

(1D

(15)

A 1 A 1 o A a a Y
NITYTH N 1 LUAT ﬂ']'iLﬂﬁﬂuﬁujﬂﬂlﬂﬂlliQQHQ\iﬁ;ﬂ (Po ) mmmnm’u‘nm@“lmﬂu

e

nae SI 9 Taaatl
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) N/m’
(216 psig) 101,325 —
atm

psig
147 ——
atm

921871 P_1MnU 1,448,857.14 N/m’

UNuA1 P, =

A Aa d‘ = A
4.1 Lﬁﬂ%ﬂﬁluﬂﬂmﬂui}mﬁﬂﬂﬂ@ﬂﬁlu‘ﬂ@ﬂ
Y =(-77.1) + 6.91 In (1,448,857.14)

22 1491 Y 19101 20.95 (P > 100%)

42 ufvnzq

Y =(-15.6) + 1.93 In (1,448,857.14)

22 18A1 Y 19180 11.79 (P > 100%)

43 Tassadradene
Y = (-23.8) +2.92 In (1,448,857.14)

22 141 Y 18D 17.64 (P > 100%)

4.4 NIZANUAN
Y =(-18.1) + 2.79 In (1,448,857.14)
22 14A1 Y 19D 21.49 (P > 100%)

v
A

o 1A A & J Y 1a
NNMITAUIUNUINTSYSN 1 LUAT Gﬁﬂlﬂuﬁ%ﬁ%‘ﬂu@ﬂg

OZ

NuogLIIAUIZAIHA T
a2 AAa d! =1 a A 9 [ 1 Y a
@erIagalangInmManagaeanesluleatazuniyngg uazusaauazne Iving

] J
Iﬂi\iﬁ%’l\?fﬂﬂ?ﬁLaﬂﬁ’lﬂlla%ﬂﬁg%ﬂllﬂﬂ%Wﬂ@ﬁlNﬁNDﬁﬁm
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enmsteyannulasasuaiisaal (MsDs): Telasiou
1. MIFUUAT T A (Chemical Identification)

¥ TUPAC: Hydrogen gas.

%ﬂlﬂﬁﬁflﬂ: Protium

4 9 A

YOWDIDUS): Water gas

gos luana: H, g3 IAsedse: H-H

39 UN/ID NO.: 1049, 1966
s¥a IMO: 3% @ EC NO.: 001-001-00-9

3¥e CAS NO.: 1333-74-0

s¥d RTECS: MW 8900005

s¥d EUEINECS/ELINCS: 215-605-7 Gdb"é] ’J\ifgf': -
2. %0 éjwaﬁ/fﬁ”lﬂﬂ”lﬂ (Manufacturer and Distributor)

A 9 a o 9
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AVERS Guide: 04 DOT Guide: 115

[ IS

=1 a Y a Y Aa 9 [y} A
15.1 nsaignau Tlsalsusmsszuuliusmsteyanssziugiansnnasaingg
[ 4 ] H (Y] 4
TnsfmnvisoaeaIu AVERS Nvungay Insfdng 1650
15.2 ApaMIniugazdeanuay Tliafans NoaiaNIaIdUATIOLAZNINUDY

1@ NIUAIUANNANY IN3 0 2298 24470, 0 2298 2457



Occupational Safety & Health Administration Standard

Regulations (Standards - 29 CFR)

Battery charging and changing. - 1917.157

* Part Number: 1917

* Part Title: Marine Terminals

* Subpart: G

* Subpart Title: Related Terminal Operations and Equipment
* Standard Number: 1917.157

* Title: Battery charging and changing.

1917.157(a)

Only designated persons shall change or charge batteries.

1917.157(b)

Battery charging and changing shall be performed only in areas designated by the employer.

1917.157(c)

Smoking and other ignition sources are prohibited in charging areas.

1917.157(d)

Filler caps shall be in place when batteries are being moved.

1917.157(e)

Parking brakes shall be applied before batteries are charged or changed.
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1917.157(f)

When a jumper battery is connected to a battery in a vehicle, the ground lead shall connect to
ground away from the vehicle's battery. Ignition, lights and accessories on the vehicle shall be

turned off before connections are made.

1917.157(g)

Batteries shall be free of corrosion buildup and cap vent holes shall be open.

1917.157(h)

Adequate ventilation shall be provided during charging.

W1917.157(i)

1917.157(i)

Facilities for flushing the eyes, body and work area with water shall be provided wherever
electrolyte is handled, except that this requirement does not apply when employees are only

checking battery electrolyte levels or adding water.

1917.157(j)

Carboy tilters or siphons shall be used to handle electrolyte in large containers.

1917.157(k)

Battery handling equipment which could contact battery terminals or cell connectors shall be

insulated or otherwise protected.

1917.157(1)

Metallic objects shall not be placed on uncovered batteries.
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1917.157(m)

When batteries are being charged, the vent caps shall be in place.

1917.157(n)

Chargers shall be turned off when leads are being connected or disconnected.

1917.157(o)

Installed batteries shall be secured to avoid physical or electrical contact with compartment walls

or components.
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