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CHETSADA WIANGCHANTHUEK : LIGHTNING PROTECTION
ASSESSMENT FOR OUTDOOR STRUCTURE OF MRT PURPLE LINE.
THESISADVISOR : ASST. PROF. THANATCHAI

KULWORAWANICHPONG, Ph.D., 136 PP.

LIGHTNING PROTECTION/DC MASS RAPID TRANSIT/RISK ASSESSMENT/

OUTDOOR STRUCTURE

This thesis proposed the external lightning protection of the structures for the
DC mass rapid transit, purple line in Bangkok, to analyze and assess the risks and
possibility of a lightning strike on its external structures. The purple line project has
been commenced the construction since 2004. Its lightning protection design was
complied with the old and obsoleted lightning protection standard. At present, he IEC
standard has been re-issued and released. The revised standard is divided into 4
sections: (1) common requirements, (2) risk management, (3) physical damage and
dangers due to a lightning strike, and (4) indoor electrical and electronic system. The
Engineering Institute of Thailand (EIT) has adopted this IEC standard for the lightning
protection of the buildings. Accordingly, it is recommended to evaluate the external
lightning protection for the MRT purple line, with the design by the old standard, to
validate with the revised standard. A computer software has been developed to help
assessing the lightning protection system complied with the IEC 62305 standard. The
possible risks has been calculated to analyze how a lightning strike may occur, to
determine effective solutions and to better understand the principles of the risk
assessment due to a lightning strike. After the calculation of the risk from the existing

designed drawings of passenger stations and the depot, the assessment was carried out.



The results showed that some parts of the structures were not passed the risk
evauation. It was recommended to install additional lightning protective devices.
Therefore, the proposed software for the assessment of externa lightning protection of
the MRT purple line is able to analyze and assess the risk of lightning strikes on the

structures of the purple line in Bangkok effectively.
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Air-termination system
Aerial

Angle method

Bonding

Bulk substation
Characteristic

Collection area

Coulomb (C)

Damage

Depot

Down conductor

Down conductor system
Double viaduct

Earthing

Environmental factor
Equipotential bonding
Failure

Flash to structure

Hazard

Impulse withstand voltage
Location factor

Lightning current
Lightning flash

Lightning protection level
Lightning protection zone

Loss of human life
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(3.12)
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2

A, =L x W+ 6 x Hx (L+W) + 9 x Tl x (H)

L,wWuaz H ﬁ’ﬂ 7481 ﬂ’JﬂJﬂ%N HAZANNGN (m)
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o Risk assessment calculator = L=l “
’
Collection area of structure and line
Length {m) 500 m
th Au — - - S R
With {m) Calculate ~ A

Height {m) Reset o

u

Ad m2) L
Am m2) S 4
Powerline W v

Al_p {m2)

A_p (m2)

Telecom line L

Aos
H fsom A H, i
!
-

At m2)
ALt (m2)
Number of person in the zone (Np)

Total number of person (Nt)

Time in hour per year (T2)

Note :

Ad is the collection area of the structure (m2)

Amis the collection area of flashes striking near the structure (m2)
Alis the collection area of flashes striking the line {m2)

Aiis the collection area of flashes to ground near the fine (m2)

d‘ 1 Y o [ dy d’w ] Q' 9 a
g‘ﬂ‘ﬂ 4.1 ?f’]i!‘ll@\i?iuW]Nﬁ'l‘HS‘UWN‘VI'i‘]JﬁWﬂ‘UENﬁ\iﬂQﬂﬁiNLLﬁZﬁgﬂ‘UUiﬂﬁ
Tagludruvesnuanyuz jlunueimstazaalgnad e uazguanbuzmmzyoda
Y Ay Yo ] o A o 2}' " A I~
ﬂ@,ﬂﬁﬁN ‘n"lmumiﬁmmz‘ﬂmmaaﬂmﬂaﬂyngﬂuuummiummaﬂymzmﬂmﬂu

o ls naaalugili 4.2

o5l Parameter setting for assessment = = n—
Structure and Environment Expect annual number of dangerous events
Location factor (Cd) v Structure
Nd
Line type factor (Ct) v
Nm
Line environmental factor (Ce) v Power line
Line installation factor (Ci) ‘ v NL_p
NL_t
Telecom line
Assessment of average annual number of dangerous events Ni_p
X = Ni_t
Lightning flash per year (Td)
Lightning ground flash density {Ng)
Calculate Next
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Type | - Risk of Loss of Human Life
Total RA1
Total RB1
Total RC1
Total RM1
Total RUT_P
Total RUT_T

Type Il - Risk of Loss Cultural heritage

Total RB3

Calculated Risk :

Loss of Human Life,R1 :

Loss of Public Service,R2 :
Loss Cultural heritage R3 :

Loss Economic Value R4 :

Total RVI_P
Total RVI_T
Total RW1_P
Total RW1_T
Total RZ1_P
Total RZ1_T

Tolerable Risk (RT)

Lightning Risk Assessment

Type Il - Risk of Loss of Public Service
Total RB2 Total RW2_P

Total RC2 Total RW2_T
Total RM2 Total RZ2_P

Total RV2_P Total RZ2_T
Total RV2_T

Type IV - Risk of Loss Economic Value
Total RA4 Total RU4

Total RB4 Total RV4

Total RC4 Total RW4

Total RM4 Total RZ4

Caleulated Risk (R)

Risk Calculate

View summary
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LPS Class IV
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LPS Class IV
% Rolling Sphere Radius (60rm)
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S09 station: Assumption of unprotected structure

1} Parameters setting

a2 Enwironment and structure characteristics
Input parameter Symbol | Value Conxmeen
Ground flash dansity {1/kmxr) o 11.10 Banglolk area (data from TRD)
S trectora dimension
Width {m) w 12 50
Length {m) E 20710
Hsight {m) H 25 04
Location factor Co 0. 50 Strocthers surmoundad b the same height or zmaller
LPS P 1. DOE+DD Strnctirs not pootectsd by LPS
Eguipotentisl bonding P 1. DDE+DD Mo coprdinated SPD
Extermal spatisl shislding
S trctne K., Mons
Cablashislding K. Mona
Cabla routing Ko Mo routing to avodd loop
Protaction measwres azainst towch
and stap voltazs P, Mo protaction maasunes
The coordinsted SPD svatem P2 1.(0E+00 Mo coordinatad SPD
% alues of the probability that aflash toan
antering lins P 1. ME+DD Mo protection measures
L 1.00E-D2 Other
Total numbsr of parsomns o 0
Mumber of parsons in the zona e
Time= in hour par wasr iz 1B howr'day
Typs of surfacs of 50dl or floor b= 1.00E-D2 Agriculters] or conorate
I, 1 Mo provisien
5 (1] Mon=
o 1 Mo spacial hazend




b. PowerLine

Input parameter Symbol | Value Commeen t
Langth {m) L, 100000 unknown
Limn= imztallatiomn Tz 1.00 Aaria]l cabls
Linatypa C.a 1.0 LV powar lina
Environmental factos Tz 0,10 Trrbam
Shisld oflinma R WA
Shislding, provmding izolation
Coos 1.00 Unzhialdad
Caom 100 Unshisldad
WWithstand voltams of intems]l systam (W) U s 100 Mo SPDorl KWV
P 1.00 Unlmown
P 1.00 NoSPDorl kKW
K- 1.00 Mo SPDorl KWV
Loy ol Powar supply
Loy LI Pomwar supply

c. Telecom Line

Input parameter Compmsen t
Lemgth (m) Unlnown
Line installation Aorigl cabla
Linatypa Tealaocom
Environmentsl factos Urban
Shi=ld of lina
Shislding, prouvmding isolation
Unshisldad
Unzhisldad
Withstand voltage of intemal system (k%) HoSPDorl KW
Unlmown

NoS3PDesl KW
FNoSPDorl KWV

Tslaoom
Talaoom
d. Collection zrea of structure and lne
Svmbaol Value Coommen t
Structure
Al T1150.44 Collaction ar=a
A, 1101808.16
Powar lins
A, e, e
A ELLEEEE Y]
Telecom line
Ay 4000000
P AD0a0e e
e. Expected annual numbers of danperous events
Symbaol Value Comment
Structure
M 0.39
M 12.23
Powar lins
N, .04
Non 4.44
Talacom line
i B 0.04
7 4.44
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1) Collection area of structure and line

a. Structure

Ap =LW+6H(L+W )+9mH?
=297.1x19.5+6(25.06)(297.1+19.5)+97(25.06 )°
=71160.44 m*

Ay =2%500(L+W )+7(500)’
= 2x500(297.1+19.5) +1(500)°
=1101998.16 m*

b. Power line

AL p=40xL p=40x1000 = 40000 m”

A, p =4000%L; p = 40001000 = 4000000 m”

c. Telecom line

AL 1 =40xL; 1 =40x1000 = 40000 m*

A 1 =4000%L; 1 = 40001000 = 4000000 m*

2) Expected annual numbers of dangerous events

a. Structure

Np = NGApCp x10° =11.1x71160.44 x0.5x10° = 0.3949

Ny = NgAy x10° =11.1x1101998.16x107° =12.23

b. Power line

N, p =NgA, pC; pCg pCr p ¥10° =11.1x40000x1x0.1x1 = 0.04
N, p = NgA, pC; pCp pCr p x10°° =11.1x4000000 % 1x0.1x 1 = 4.4

C. Telecom line

Ny 1 =NgA[ +C; 1Cp 1Cp 1 x10® =11.1x40000x1x0.1x1 = 0.04
N, 1 = NgA, 1C; 1Cg 1Cp 1 ¥10° =11.1x4000000 x1x0.1x 1 = 4.44

3) Assessment of Loss

Ly =Ly =1, xLyx(n, /ng)xt, /8760 =0.01x0.01x(300/300 ) x 6570 /8760 = 0.000075

Lpy = Ly; =1 x1pxhy x Ly x(n, /n )xt, /8760 = 1x0x1x0.01x (300/300) <6570 / 8760 = 0




110

Le; =Ly =Ly =Ly = Loy %(n, /0y ) xt, /8760 = 0(300/300) x 6570 /8760 = 0
Ly p=Lya p = ¥1p XLy p*(n /) =1x0x1x0.01x(300/300) = 0

Lgy 1 =Lyy 1 =1p 1 ¥Lp, 1 X(nz /1) =1x0x1x0.1x(300/300) = 0

Les p=Lyi p =Lwa p = Lzy p =Lop p*(n, /0y ) =0.01x(300/300) = 0.01

Lesr=Lya1=Lwat = LZz r =Log 1 (nz /n; ) =0.001x(300/300) = 0.001

4) Result of risk assessment
a. Risk components relevant to risk R, for protected structure (Loss of human life)
D1 injury due to shock
R, =NpP,L, = NpPp, PzL, =0.3949x1x1x0.000075 = 2.96205 x 107
Ryp = (NLJ +Np )PUJ’LU - (NLJ’ )(PTUPEBPLDJ’CLDJ’ )LU
= 0.04 (1> 1x1x1)x0.000075 = 0.333x107

*Np, can be neglected in many cases

Ry = (NL T T Npy )PU ply = (NL_T )(PTUPEBPLDATCLDiT ) Ly

= 0.04(1x1x1x1)x0.000075 = 0.333x107

D2 Physical damage

Ry = NpPyLy, = 0.3949x1x0=0

Ryp = (NL_P +Np; )PV_PLVl = (NL_P )(PEBPLD_PCLD_P )Lw =0.04x (1 x1 XI)XO =0
Ry = (NL_T + Np; )PV_TLV] = (NL_T )(PEBPLD_TCLD_T )LVI =0.04x (1 x1x1 )X 0=0
D3 Failure of intend electrical/electronic system

Re = NpPLey = NpPoppCppLey = 0.3949x1x1x0 = 0

Ryt = NyPy Lt = NyParnPussEoan = NatPor (Kekokgky )’ Ly =12.23%1x(1x1x1x1)° x0 =0
Ryp = (NL_P + Np; )PW_PLWI - (NL_P )(PSPDPLD_PCLD_P )LW] =0.04x (1 xIx1 )X 0=0
Ry = (NL T T Npy )Pw thwi = (NLiT )(PSPDPLDJCLDJ )Lw1 =0.04x(1x1x1)x0=0
Rz/p = Ny pPz pLz; = Ny pPeppPrs pCry plzy =444 x1x1x1x0=0

Ryr =Ny 1P 1Lz = Ny tPspp Py 1Cpp 1Lz =444 x1x1x1x0=0

_ _ 5
Ry =Ry +Ryjp *Ry/p *Ry + Ry p +Ryp #Re + Ry # Ryp Ry #Rzp ¥Ryp =3.62805%10
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b. Risk components relevant to risk R2 for protected structure (Loss of essential service)
D2 Physical damage

Ry = NpPyLy, = 0.3949x1x0 =0

Ryp = (NL_P +Npy )PV_PLVLP = (NL_P )(PEBPLD_PCLD_P )LV27P =0.04x (1 x1x1 )X 0=0
Ry = (NL_T +Np )PV_TLVziT = (NL_T )(PEBPLD_TCLD_T )vaj =0.04x (1 x1x1 ) x0=0
D3 Failure of intend electrical/electronic system

Re = NpPeLey p = NpPeppCrpLes p = 0.3949x1x1x0.01 = 0.003949

Ry = NyPuLas = NyPeppPusive = NarPoen (Kgrkakaky ) Lyp =1223x1x (1x1x1x1) x0.01 = 0.1223
Ryp =Ny p+Npy )Py pLys = (N p ) (PppPin pCip p )L = 0.04x(1x1x1)x0.01=0.0004
Ry =(NL 1+ Ny )Py 1Lwa = (No 1 )(PopnPip 1Cop 1) Lywa =0.04x(1x1x1)x0.001 = 0.00004
Ryp= NlisziPLZZ = NliPPSPDPLLPCLIiPLzz =444 x1x1x1x0.01 =0.0444

Ryp = Nl_TPZ_TLzz = NI_TPSPDPLI_TCLI_TLzz =444 x1x1x1x0.0001 =0.00444

R, =Rp+Ryp + Ry +Re +Ry + Ryyp +Ryp +Ryp +Ryp =175.559610°




MANHIN U

Han1Ineaoay



A15199 0.1 Waﬂ'l‘i‘Vlﬂﬁ’éJ‘]Jﬂﬁ‘ﬂ‘imﬁuﬂ’ﬂm%ﬂﬂ%WﬂﬁWPhﬂlﬂﬂiﬂiﬁﬁ%}NﬂﬂigﬁUﬂNLaﬂ’J

113

- . 4 oa. 2 . mades | maundes
FUAANUTYWIY | ANUTIINNAVY | WaNITATUIU
(R, R)
Total RA1 0.240 x10”
D1 injury due to
Total RU1_P 0.000
shock
Total RU1 T 0.000
Total RB1 0.000
Total RB2 0.000
D2 Physical Total RV1 P 0.000
damage Total RV1 T 0.000
Total RV2_P 0.000
Total RV2 T 0.000
Total RC1 0.000
Total RC2 0.000 0.240 x10° 0.000
Total RM1 0.000
Total RM2 0.000
D3 Failure of Total RW1 P 0.000
intend Total RW1 T 0.000
electrical/eletronic Total RW2_ P 0.000
system Total RW2 T 0.000
Total RZ1 P 0.000
Total RZ1 T 0.000
Total RZ2 P 0.000
Total RZ2 T 0.000

ANUIFBY (R,)

R, <R, Protection necessary (R, =1 x 10_5)

R, <R, Protection necessary ,(R, =1 x 10_3)

FA ]
«Tyisuiludesandaninsaitlosfuimnay
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- . 4 oa. 2 . mades | maundes
FUAANUTYWIY | ANUTIINNAVY | WaNITATUIU
(R, R)
Total RA1 0.253 x10”
D1 injury due to
Total RU1_P 0.000
shock
Total RU1 T 0.000
Total RB1 0.000
Total RB2 0.000
D2 Physical Total RV1 P 0.000
damage Total RV1 T 0.000
Total RV2_P 0.000
Total RV2 T 0.000
Total RC1 0.000
Total RC2 0.000 0.253 x10° 0.000
Total RM1 0.000
Total RM2 0.000
D3 Failure of Total RW1 P 0.000
intend Total RW1 T 0.000
electrical/eletronic Total RW2_ P 0.000
system Total RW2 T 0.000
Total RZ1 P 0.000
Total RZ1 T 0.000
Total RZ2 P 0.000
Total RZ2 T 0.000

ANUIFBY (R,)

R, <R, Protection necessary (R, =1 x 10_5)

R, <R, Protection necessary ,(R, =1 x 10_3)

FA ]
«Tyisuiludesandaninsaitlosfuimnay
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- . 4 oa. 2 . mades | maundes
FUAANUTYWIY | ANUTIINNAVY | WaNITATUIU
(R, R)
Total RA1 0.256 x10”
D1 injury due to
Total RU1_P 0.000
shock
Total RU1 T 0.000
Total RB1 0.000
Total RB2 0.000
D2 Physical Total RV1 P 0.000
damage Total RV1 T 0.000
Total RV2_P 0.000
Total RV2 T 0.000
Total RC1 0.000
Total RC2 0.000 0.256 x10° 0.000
Total RM1 0.000
Total RM2 0.000
D3 Failure of Total RW1 P 0.000
intend Total RW1 T 0.000
electrical/eletronic Total RW2_ P 0.000
system Total RW2_ T 0.000
Total RZ1 P 0.000
Total RZ1 T 0.000
Total RZ2 P 0.000
Total RZ2 T 0.000

ANUIFBY (R,)

R, <R, Protection necessary ,(RT =1 ><10_5)

R, <R, Protection necessary ,(R, =1 x 10_3)
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- . 4 oa. 2 . mades | maundes
FUAANNTINIY | ANUTIINNAVY | NANITATUIU
(R) (R)
Total RA1 0.000
D1 injury due to
Total RU1_P 0.000
shock
Total RU1 T 0.000
Total RB1 0.000
Total RB2 0.000
D2 Physical Total RV1_P 0.000
damage Total RV1 T 0.000
Total RV2_P 0.000
Total RV2 T 0.000
Total RC1 0.000
Total RC2 0.197x10° 0.000 0.242x10°
Total RM1 0.006x10”
Total RM2 0.000
D3 Failure of Total RW1 P 0.000
intend Total RW1 T 0.000
electrical/eletronic Total RW2_ P 0.222x10°
system Total RW2 T 0.222x10°
Total RZ1 P 0.000
Total RZ1 T 0.000
Total RZ2 P 0.000
Total RZ2 T 0.000

ANUIFBY (R,)

R, <R; Protection necessary ,(RT =1 xlO_S)

R, <R; Protection necessary ,(RT =1 x10_3)
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- . 4 oa. 2 . MANY | A1
FUAANULTINY AU IINUNAUU NANTIATUIU 4 4
@ee (R) | 1@83 (R,)
Total RA1 0.000, 0.000
D1 injury due to
Total RUI_P 0.000, 0.000
shock
Total RU1_T 0.000, 0.000
Total RB1 0.000, 0.000
Total RB2 0.000, 0.000
D2 Physical Total RVI_P 0.000, 0.000
damage Total RV1 T 0.000, 0.000
Total RV2_P 0.000, 0.000
Total RV2_T 0.000, 0.000
Total RC1 0.000
Total RC2 0.113x10°,0.071x10" 0.000 | 0.231x10°
Total RM1 0.000, 0.000
Total RM2 0.000, 0.000
D3 Failure of Total RW1 P 0.000
intend Total RW1 T 0.000
electrical/eletronic |  Total RW2 P | 0.011x10°,0.011x10"
system Total RW2 T | 0.011x10°,0.011x10°
Total RZ1_P 0.000
Total RZ1_T 0.000
Total RZ2 P 0.000
Total RZ2 T 0.000

ANUIABY (R,)

R, <R; Protection necessary ,(RT =1 xlO_S)

R, <R; Protection necessary ,(RT =1 x10_3)
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- . 4 oa. 2 . MANY | A1
FUAANULTYINIY | ANUTIININAVU ADNTINTUIN 4 4
@A (R) | @83 (R,)
Total RA1 0.000
D1 injury due to
Total RU1_P 0.000
shock
Total RUL_T 0.000
Total RB1 0.000
Total RB2 0.000
D2 Physical Total RV1_P 0.000
damage Total RV1 T 0.000
Total RV2 P 0.000
Total RV2 T 0.000
Total RC1 0.000
Total RC2 0.000 0.000 0.148x10°
Total RM1 0.000
Total RM2 0.148x10"
D3 Failure of Total RW1 P 0.000
intend Total RW1 T 0.000
electrical/eletronic Total RW2_P 0.000
system Total RW2 T 0.000
Total RZ1_P 0.000
Total RZ1 T 0.000
Total RZ2 P 0.000
Total RZ2 T 0.000

ANUIABY (R,)

R, <R; Protection necessary ,(RT =1 xlO_S)

R, <R, Protection necessary ,(R, =1 x10_3)
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- . 4 oa. 2 . MANY | A1
FUAANULTYINIY | ANUTIININAVU ADNTINTUIN 4 4
@A (R) | @83 (R,)
Total RA1 0.000
D1 injury due to
Total RU1_P 0.000
shock
Total RUL_T 0.000
Total RB1 0.000
Total RB2 0.000
D2 Physical Total RV1_P 0.000
damage Total RV1 T 0.000
Total RV2 P 0.000
Total RV2 T 0.000
Total RC1 0.000
Total RC2 0.000 0.000 0.197x10°
Total RM1 0.000
Total RM2 0.197x10"
D3 Failure of Total RW1 P 0.000
intend Total RW1 T 0.000
electrical/eletronic Total RW2_P 0.000
system Total RW2 T 0.000
Total RZ1_P 0.000
Total RZ1 T 0.000
Total RZ2 P 0.000
Total RZ2 T 0.000

ANUIABY (R,)

R, <R; Protection necessary ,(RT =1 xlO_S)

R, <R; Protection necessary ,(RT =1 x10_3)
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- . 4 oa. 2 . MANY | A1
FUAANULTYINIY | ANUTIININAVU ADNTINTUIN 4 4
@A (R) | @83 (R,)
Total RA1 0.000
D1 injury due to
Total RU1_P 0.000
shock
Total RUL_T 0.000
Total RB1 0.000
Total RB2 0.000
D2 Physical Total RV1_P 0.000
damage Total RV1 T 0.000
Total RV2 P 0.000
Total RV2 T 0.000
Total RC1 0.000
Total RC2 0.000 0.000 0.027%10°
Total RM1 0.000
Total RM2 0.027x10"
D3 Failure of Total RW1 P 0.000
intend Total RW1 T 0.000
electrical/eletronic Total RW2_P 0.000
system Total RW2 T 0.000
Total RZ1_P 0.000
Total RZ1 T 0.000
Total RZ2 P 0.000
Total RZ2 T 0.000

ANUIABY (R,)

R, <R; Protection necessary ,(RT =1 xlO_S)

R, <R; Protection necessary ,(RT =1 x10_3)
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- . 4 oa. 2 . MANY | A1
FUAANULTYINIY | ANUTIININAVU ADNTINTUIN 4 4
@A (R) | @83 (R,)
Total RA1 0.000
D1 injury due to
Total RU1_P 0.000
shock
Total RUL_T 0.000
Total RB1 0.000
Total RB2 0.000
D2 Physical Total RV1_P 0.000
damage Total RV1 T 0.000
Total RV2 P 0.000
Total RV2 T 0.000
Total RC1 0.000
Total RC2 0.000 0.000 0.005%10°
Total RM1 0.000
Total RM2 0.005x10"
D3 Failure of Total RW1 P 0.000
intend Total RW1 T 0.000
electrical/eletronic Total RW2_P 0.000
system Total RW2 T 0.000
Total RZ1_P 0.000
Total RZ1 T 0.000
Total RZ2 P 0.000
Total RZ2 T 0.000

ANUIABY (R,)

R, <RT Protection necessary ,(RT =1 x10_5)

R, <RT Protection necessary ,(RT =1 x10_3)
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- . 4 oa. 2 . MANY | A1
FUAANULTYINIY | ANUTIININAVU ADNTINTUIN 4 4
@A (R) | @83 (R,)
Total RA1 0.000
D1 injury due to
Total RU1_P 0.000
shock

Total RUL_T 0.000
Total RB1 0.000
Total RB2 0.000
D2 Physical Total RV1_P 0.000
damage Total RV1 T 0.000
Total RV2 P 0.000
Total RV2 T 0.000
Total RC1 0.000

Total RC2 0.000 0.000 0.000
Total RM1 0.000
Total RM2 0.000
D3 Failure of Total RW1 P 0.000
intend Total RW1 T 0.000
electrical/eletronic Total RW2_P 0.000
system Total RW2 T 0.000
Total RZ1 P 0.000
Total RZ1 T 0.000
Total RZ2_P 0.000
Total RZ2 T 0.000

ANUIABY (R,)

R, <R; Protection necessary ,(RT =1 xlO_S)

R, <R, Protection necessary ,(R, =1 x10_3)

4
a o

3 uiludesfanialnsaidostuih iy

q




M35190 n.10 agmamstsziivusnaniinsnatriiag Wayside switch cabinet

123

LPS zone assessment

Station section Pier position
Protected Unprotected
P002 — P003 MQO5 -
P006 — P0O0O7 - MQO06
P007 — PO08 MQO7 -
P008 — PO09 - MQ17
P018 — PO19 - MQO8
Depot — SO01 P019 — P020 MQO04 -
P022 — P023 - MQO3
P026 — P027 - MQO09
P028 — P029 - MQO02
P029 — P030 - MQI10
P031 - P032 MQI11, MQO1 -
P053 — P054 . MQO03
P056 — P057 ¢ MQO04
P059 — P060 MQ18 -
S01 —S02
P060 - P061 - MQO05, MQO06
P063 — PO63A MQO02 -
P065 — P066 MQO1, MQO7 -
S03 — S04 P113-P114 MQO1, MQ02 -
P173 - P174 - MQO04
P174 - P174A - MQO03
S04 — S05
P174A - P175 - MQO02
P175 - P175A MQO5 -
S05 — S06 P185—-P186 MQO01, MQO6 -
S07 — S08 P253 — P254 MQO1, MQ02 -
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M350 n.10 agmamstsziivusnaniimsnatriias Wayside switch cabinet (AD)

LPS zone assessment

Station section Pier position
Protected Unprotected

P314 - P315 - MQO5, MQO04

P320 — P321 - MQO03, MQO06
S08 — S09

P323 - P324 - MQO02

P324 — P325 - MQO7
S09 — S10 P332 — P333 MQO1, MQOS8 -
S10-S11 P381 —P382 MQO1, MQO02 -
S11-S12 P423 — P424 MQO03, MQO02, MQO1, MQ04

P466 — P467 MQO1, MQO02 -

P498 — P499 - MQO03, MQO06
S13-S14

P500 — P501 - MQO02

P501 — P502 - MQO7
S14 - S15 P507 — P508 MQO1 MQO8

P544 — P545 MQO1, MQO02 -

P568 — P569 = MQO02

P570 - P571 - MQO03
S15-S16

P571 - P572 MQO04 -

P573 — P574 - MQO1

P584 — P585 MQO5 -

Total 27 32

*MQ o Qﬂﬂiﬂf Wayside switch cabinet
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Assessment of External Lightning Protection Installation for DC Mass
Rapid Transit System
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Abstract

This paper presents a developed of software for risk assessment of external lightning
protection for DC Mass rapid transit system by using visual basic. This program proposed to
help to design and examine the air-terminal installation for lightning protection .The risk
assessment in order to basically evaluate that whether there is need to install the lightning
protective device or not. Then, the lightning protection system is designed according to
standard TEC 62303-2 using visual basic program. In this article, the passenger station of the
mass rapid transit (MRT purple line) is set 1o be the case study. The results showed the
effectiveness of the proposed programming,

Keywords: External Lightning Protection, DC Mass rapid transit. Risk assessment
1. Introduction

Lightning is a natural hazard, being the discharge of static electricity generated in parts of
storm clouds. Those {lashes may strike the ground. It may damage carthed objects, such as
building, farms . commereial ete. and a few kill or s injure people and animals, either directly or
indirectly by causing fire and explosions. To have a rough idea of number of lightning strokes
in a day it has been estimated that throughout the world there occur about 40.000 lightning
storms a day and 100 lightning strokes per second [1]

The DC power supply at 1.5 kV to 3 kV in 1900 and 1930 were used as a control. However,
there is some difficulty in turning the motors to drive [2-3] high-speed trains operating at some
higher speed than the speed of typical trains in services. Typically, high-speed rail in various
forms are usually powered by electric power source through catenary wire. To analyze power
loading of a moving train needs power network solving algorithms that are complicated and
tedious for computer programming. It would be simpler to use graphic-based programming,
like MATLAB/SIMULINK. In the past, MATLAB/SIMULINK has been applied to various

research fields as a potential tool for analysis, simulation and design. However,
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MATLAB/SIMULINK in railways is very few. Traction power supply system [4]. especially
for long-distance and high-speed trains are focused. Autotransformer feeding configuration |5
of the traction power supply system is chosen in order to perform the analysis of voltage and
current in the system.

This paper presents a model of DC railway systems equipped with rectifier power substation by
using MATLAB/SIMULINK to analyze the voltage profile. power traction substation and
power losses in feeder catenary of a tested mass transit section. The train models was applied a
constant power model (S-model) to simulate the train performance calculation with nodal
analysis method to solve for DC railway power flow solutions is conducted. The power supply
interface and power consumption in the train combine with power feeder losses are discusses in
this paper.

This paper consists of five sections. Section two illustrates a general review of the railway
power supply. Section three describe MATLAB/SIMULINK model of DC railway power
supply. Section four gives simulation results and discussions. Last, conclusion is in section

five.

2. DC Railway Power Supply

The electric railway needs a power supply that the trains can access at all times. It must be
safe, economical and user friendly. In [4] the tested and calculated impacts of high efficiency
power supply and energy saving technologies in railway power supply system for traction
and station are compared. Transmission of power is always along the track by means of an
overhead wire or at ground level. The third rail is an extra rail at the center of the running
rails. The alternating current (AC) systems always use overhead wires. The direct current
(DC) can use either an overhead wire or a third rail. They are all common. Overhead systems
require at least one collector attached to the train so that it can always be in contact with the
power. Overhead current collectors use a "pantograph", so called because that was the shape
of most of them until about 30 vears ago. The return circuit is via the running rails back to the
substation.

The commonly used voltages for DC raillways are 600, 750 V and 1.5 kV for urban,
interurban metros and regional system [6]. Overhead catenary is typically used for light rail
system at 600-800 V and conventional interurban or regional systems at 1.5 kV or 3 kV.
Because of the large currents involved compared to high-voltage AC system. the DC copper
contact wire is made of heavier gauge material.

DC railway power supply system has several configuration features different to a normal DC
power system. However, there are some simplifications of the power network modeling. DC
feeding system feature includes a three-phase bridged silicon rectifier for conversion from
alternating to direct current [7]. Fig. 1 is an example showing the structure of a DC feeding

circuit connected to the nearest sub-station. Section and tie posts are sometimes used to

-
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prevent voltage drop on double track where substation is located far apart. In this case, the up
and down tracks are connected by a high-speed circuit breaker. The distance between
substations is about 5 km on metropolitan trunk lined and 10 km on other lines.

Three-phase AC Threephase AC
Transform Transformer
Rectifier Rectificr

ol

sl g Circuit )

P Weeaber P ¥ am VT
Feeder
I 2 1 D

[T TTTTT LTI
Comiract wire
Ehklmlu’
-a-;l-'- Rail |

Fig. 1: Structure of DC feeding system [7]

3. MATLAB/SIMULINK Model of DC Railway
The structure of DC mass transit system model is employed by MATLAB/SIMULINK. [8]
include power supply, the feeder line or catenary system and the train model. The configuration
of DC railway power supply model is considerad 12 pulse rectifier to operate input voltage at
24 kV /50 Hz to simulate the 12-pulse rectifier to feedinto the catenary systemis shownin Fig.

2. The 12 pulse bridge no load voltage output profile is illustrated in Fig. 3

@% w |
|
z
Threa-Bhass % curce

Univ ersal Bridge3

Fig. 2: 12 Pulse Bridge Rectifier Modelling Power Supply
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Fig. 3: 12 pulse bridge no-load voltage profile output simulation

The characteristic pulse of the power supply svstem is depended on the transformer winding
and converter arrangement to provide a number of pulses to affect DC output voltage and
mipple current such as 6, 12, 18 and 24 pulses. The twelve-pulse bridge rectifier connection is
usually employed to the railway power supply. A twelve-pulse bridge consists of two six-pulse
bridge circuits connected in series, with their AC connections fed from a supply transformer
that produces a 30° phase shift between the two bridges. This cancels many of the characteristic
harmonics the six-pulse bridges produce. The 30 degree phase shift is usually achieved by
using a transformer with two sets of secondary windings, one in star (wye) connection and one
in delta connection [9].

Electric power supply for DC mass transit system to get power through electricity supply
system from the third rail. A third rail is a method of providing electric power to a railway train,
through a semi-continuous rigid conductor placed alongside or between the rails of a railway
track. It is used typically in a mass transit or rapid transit system, which has alignments in its
own corridors, fully or almost fully segregated from the outside environment. Third rail
systems are always supplied from direct current eleetricity. This paper, DC mass transit system
is considered of the third rail normal voltage at 750 V. The power supply are designed third rail
and running rail in Fig. 4 and the model of the trains is - presented in the form of electric power
(S-model) as shown in Fig. 5.

e A *

Gonml I""fﬂ ol Comn

Toe AN T

Connd Connd
Running rail

Third rail and running rail

Fig. 4: 3rail and rurming rail model
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Fig. 5: Train model

4. Simulation and Results
In this section, The Silom Line of BTS SkyTrain systermn was modeled for the simulation tests
[10]. The BTS SkvTrain was the first electric mass transit railway system to cormmence
operations 1n Thailand. The BTS Silom Line 1s composed of 13 passanger-stations and 7
traction substations as shown in Fig.6. In this paper, defined as numbers of train are 28 trains,
dwell time and headway is 20 and 120 seconds, respectively [11].

TSS.1 TSS:X TSS&3 Ts5.4 TSSS TS5 6 TS8T
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0 G565 1,777 L1684 4204 5400 6219 7446 RI54 927 10432 11346 13km
*TSS: Traction Substation

Fig. 6: BTS Silom Line
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Fig. 7: Speed-distance trajectory and train positions against time curve on up-track

Fig.7 a) shows the speed-distance trajectory of train number 1 on up-track. To see that the
train speed profile is changed forever of operating mode depending on the gradient profile.
Fig.7 b) shows the train positions against time curve on up-track. In this paper, the DC Mass
transit svstem for the BTS Silom line is installed 7 traction substation. The traction substation
was considered rectifier 12 pulses, total distance by 13 kilometers. The detail parameters
shows in Table 1. The rectifier traction substation on CT. 82, 85 and 87 are implemented the
transformer rate at 2550 kVA. On the other hand, the traction substation 89, S11, 8§12 are
implemented the transformer rate at 3300 kVA.

The simulation result of Silom Line DC mass transit snapshot on 10 minutes was shown
Fig.7 b). On the time, the train is service on the track by 5 trains. The position of all train was
shown in Fig. 8. The result is consider the power system performance, power losses and
power balance which is feed into the traction track. The model of DC railway in
MATLAB/SIMULIMNK is illustrated in Fig. 9

Table 1: Conditions of test systems for the simulation results.

Specific data Information
Unit configuration dcar-train
Mo-load voltage 790 Vde
Voltage Conditions
MNorminal voltage 750 Vde
No-load transformer voltage Mo-load voltage 585 Vac
Rated power transformer 1 2550 kVA
Rated power transformer 2 3300 kVA
Third rail impedance 8.23 m{ykm
Running rail  impedance 40.46 m{¥km
Conduetivity to earth 0.1 3km
T88.1 TSS8.2 T88.3 TES. 4 TS85.5 TS8S.6 TS8.7

®ov

o 0.565
* T88 : Traction Subsation

927 11346 13 km

Fig. 8: Test system snapshot on 10 minutes
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Fig. 9: The modeling of DC railway in MATLAB/SIMULINK
Table 2: Simulation results of performance DC railway

o HF

5

Pasitions ol Pload-train | Ptotal 7TSS Ptotal-loss
Number of train Voltage (V) :
frain (km) (MW) Mw) (MW)
1 6,470 T5L1 1.0090
2 5412 783.9 0.2949
Up-track 3 4.189 775.2 0.2975 2.3980 0.0598
4 2913 780.0 0.2920
5 1.300 771.1 0.4436

Table 3: Simulation resulls of traction substation

Positions of TSS m Voltage (V) | Current{ A)
TSS1 0.3642 787.7 462.40
TSS82 0.5635 786.4 T16.70
TSS3 0.9000 784.3 1147.00
TS84 0.5408 786.5 687.60
TSSS 0.0257 789.8 3247
TSS86 0.0024 790.3 2.90
TSS87 0.0012 790.4 1.52

The Table 2, illustrates the result of modeling of DC railway in MATLAB/SIMULINK on the
snapshot at 10 minules. The position of all train were 1.3, 2913, 4.189, 5.412 and 6.47 k.
The power performance shows the total power of 7 traction substation can provide power

load of train and power losses in catenarv svstem by significant balance power. The Table 3,
describes the electric power, voltage and current traction substations. The result of voltage is

commonly specificated from the standard voltage in IEC 608350 [12].

5. Conclusion




This paper presents electrical power supply model for DC mass transit system by using
MATLAB/SIMULINK. The purpose of the study is to characterize wvoltage. traction
substation power and power losses. The developed SIMULINK model was tested against
Bangkok Transit System (BTS) — Sky Train Silom Line. The system has a service distance of
13-km and is fed by seven 750-V single-track DC power sources through its third rail. The

results showed the effectiveness of the proposed simulator.
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