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Suwit Buapetch 2011: A Study of Stray Current in Mass Transit Rail Underground
Structure. Master of Engineering (Electrical Engineering), Major Field: Electrical
Engineering, Department of Electrical Engineering. Thesis Advisor:

Mr. Winai Plueksawan, Dr.Ing. 183 pages.

This thesis includes a study of cause, affect and protection for stray current in the MRT
underground system. The objective of study is to protect the MRT structure and other relevant
structures that may be damaged. For example, the incidents, which occurred in the other
countries, were the cases of leak in the underground gas and oil pipes. Moreover, there is a
study of standard theory concerning the protection of stray current in the MRT DC system such
as European Standard EN 50122-2, 1998. This case study is using the information details of the
MRT Chaloem Ratchamongkhon Line in order to find out the way that reduces the potential
value towards the structure. The methods of study are by adjusting the conductivity value per
unit length between track and tunnel, the average current value of return rail, and resistivity of

track per unit length with using additionally the forth rail in order to take the current back.

The result of study is to know the cause of stray current affected to the structure, and the
protection method conformed to the standard. The values of calculation include : Comparison I:
the potential value is 0.2131 V for referring to other calculation. Comparison II: adjusting the
conductivity value per unit length between track and tunnel as 0.5,0.1 and 0.025 S/km, potential
reduced to 0.1079 V Comparison III: adjusting the average current value of return rail as 1000A,
900A and 800A., potential reduced to 0.1705 V. Comparison IV : additionally the forth rail in
order to take the current back, potential reduced to 0.1478 V. Finally, being adjusted according to
hypothesis in different methods, the value of voltage is reduced. For the summary of research, not
only the measurement of rail voltage which is used to protect the stray current can help us operate
safely, but also it helps the system operator take this knowledge to apply for the MRT

maintenance of this line and other lines.

Student’s signature Thesis Advisor’s signature
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. Overhead contact system
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J’H‘W‘ﬁ 6 ﬂi%uﬁ’%’)ulﬁa(stray current)

ﬁm: Mu Longhua and Zhouwei (2007)

4. !9ﬂﬁ15ﬁ!ﬁﬂ')6ﬁ9\3%1ﬂ IEEE

4.1 Stray current automatic monitoring system and intelligent obviating current device in

metro

Key word: stray current, track transportation, metro, intelligent obviating current and

corrosion

I a 2 o & 9 sa A ' .
WumsAaaszunastunszuas lvalaeldginseinizondi Intelligent
obviating current device IWDATIVTUAIAINYAADNT199(running rails) TaseadreTanzidaog
Y '
13@u nagndnausieds mmiuds lidineniinnesionaaan1ug(Mu Longhua and

Zhouwei, 2007)
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31 Mu Longhua and Zhouwei (2007)

4.2 Analysis of stray current, track-to-earth potentials and substation negative grounding

in DC traction electrification system
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NILUATINUAUIUAIGAU(Kinh et al., 2001)
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MNN 8 QﬂﬂﬁmﬁlﬂlﬂuEl'ﬁ']\ill,ﬁzﬂu'llﬁi’)ﬂ

301 Kinh ez al. (2001)

4.3 Control scheme for reducing rail potential and stray current in MRT systems

Sunszudid1manin current collect mat NAeglA Tnseades19dwagdeni

TaToanauauganil lWihwesszu(Liu and Chen, 2005)

traction current

+
substation
train
s rails

= HE e HE HE

: current collect mat
substation earth

MNN 9 LuVsTUUMIaeatnunulaToa

301: Liu and Chen (2005)
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4.4 Effects of different earthing schemes on the stray current in rail transit systems

Key word: DC electrified railways, dioded earthed schemes, floating schemes,

solidly earthed schemes and stray current

dumsinszdimananszuas Inalulasanis Tehran Metro Line3.(Iran) Iag 14
T151n53 MTS 1ag MATLAB(Jamali e al., n.d.)

R Flay
| AN AMN——T—
L% | SR
> Current Source :: =
1= & —— %1552
! oR, oR, dF.
=+ A, Aty J: i i iy

- lx:

MNN 10 uuusiaenszuaiilva

A Jamali ez al. (n.d.)
4.5 Stray current control in DC mass transit systems

Key word: corrosion, heavy rail, light rail, rail transportation, stray current and

transit

Y @ a & Y o <3|
ﬂ]ﬁ@ﬂﬂllﬂﬂigﬂﬂﬂENﬂuﬂ?ilﬂﬂﬂigllﬁﬁﬁqﬂﬁiﬂﬂiﬂiﬁﬁﬂﬂ']iﬂ?'llllﬂuﬂu')uﬂ]@ﬂ

IR d' 1 o Y A 19 Ya
izumwuazqﬂnimEJﬂmumiNianmJquﬁﬁwag”lmu(lan et al., 2005)
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Mui 11 druinanszuasa Ivaleenaingeis
1301 Tan ez al. (2005)
4.6 Data logger apparatus for stray current measurement of subway and power line

Key word: interference, stray current, subway, power line and P/S potential

a 7 a & Aa 1 Yy A 19 9a oo 3
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N Laznew il amsnanseutareari linemaszita laUeong-Hyo ef al., 2004)
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4.7 Evaluation of the maximum potential rise in Taipei rail transit systems

Key word: DC electrified railways, potential rise, stray currents and traction

substation

mstsziiumnszuaid Ivalulasanssa 1n#h Taipei(Chien-Hsing, 2005)

collecting shoes conductor rail collecting shoes
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diode Fhby
~ ) e iy
" 14 ! e ' rY
| h_
“— siray current collector cable ' .\ | y
Sk ) | =
system  traction earth conductor 120mm*CU ~~ /' system
earth gt earth

stray current collector mat

MW 13 URUAILAAITZUUMS IanaUveInTzuasi lva

131: Chien-Hsing (2005)

4.8 Assessment of grounding schemes on rail potential and stray currents in a DC transit

system

Key word: diode grounded, direct grounded, rail potential, stray currents and

ungrounded
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(running rails)(Chien-Hsing and Chien-Jung, 2006)

Third Rail
Train1 Train2
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(R33) © | ] (R32) - “(R31)
|
| 1
|||‘ v 1 | ¢h? ‘l? '_'l 3
Rm:m 1211 121 | If&’ lza ’IM._ |2:,'. |—,‘5‘ lmb.m‘b o
P1 P2 | Pa P4 P‘S
Ry | Ryl 4 R,LIT
g1 | |92 93
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0 £ £y ly {

MW 14 s2UUMIARAIRULUVNeAMTUTD I aeaviulssianumaInensLuanse
#1301: Chien-Hsing and Chien-Jung (2006)

4.9 Influence of soil structures on corrosion performance of floating-DC transit systems
a d Y a 4 1 o
miammwmi"lﬂamm stray current clugﬂlmu%uﬂ‘ummﬂmﬁﬂu(Charalambos and Ian ,

2007)
4.10 Touch voltage protection on Singapore MRT system

Key word: touch voltage protection, platform screen door(PSD), station platform,

protection zone, stray current protection, bonding, insulation and isolation

a d a o [ LY
ﬂﬁ'Jlﬂi1a‘iWﬂTiLﬂﬂE]uﬂiWElﬂ‘]JP;ﬁﬂEJﬁTi‘DWﬂﬂ'li’dllWﬁ(touch voltage) platform

screen doors ﬁlﬁﬂmﬂﬂiztm’%’ﬂﬁa(Sim etal,nd.)
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5. MA3§IUNINEIVO(European Standard EN 50122-2, 1998)
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2.1 EN 50122-1 Railway Applications Fixed installations Protective provisions

relating to electrical safety and earthing

2.2 EN 50162%*) Cathodic protections of buried or immersed metallic structures —

General principles (Dealt by CEN/TC262/SC2/WG1)

2.3 TEC 60050(826) International Electrotechnical Vocabulary Chapter 826:Electrical

installations of buildings
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@ 1 Aa 9 A o dy A~ 1 k) <3 a
m3nanseuved TanzNmmihezlisasgeiuielivesva lnamumennuisigaazing
4 U dy Y < @ I A o Yo
nszuams manvututhu uenniniidileymavewdalzlunuvesiva nezaahlioas

Y
MsnAnsoulAIgUINILDN

2.6 ﬂﬁﬁﬂﬂi‘@u%mm‘igﬂgﬂ (Fretting corrosion)

a [N dy a A [ = A =~ Y A £
NANNMITUATNUVOIN LA Iaenlusenseiaz Imsnaoun Gluﬁﬂ'lWLL'JﬂaE]iJT]iJﬂVl‘ﬁﬂﬂ

1 = o Y = a é‘ U a
NIDU “If\iil?fﬂﬂ‘ﬁﬂ”li’dﬂ“ﬁiﬂlﬂﬂ‘l]l!lﬂﬂﬂ’ﬂﬂﬂﬁ

2.7 MINANTOUUTNIUYIVINTY (Intergranular corrosion)

A 4 A A } < F) Y a 19 o o =) a I
wemiveuniesglunannd 1Fatiuannsounsiounu Insdion madlu
515201 Cr23C6 tazanaznouagnvenT U Uinaegoa llvnnveumsuz S

~ ] 1 [ % 1 4 <3
Tasdonilosatosnann dawalinnumumuaemsnanisutissadlilde uaziiomannd

Aa v v v [ 1 a [ 1 I v o ] o
Faindudanumsianson usnud VeI UIIgNnansouusuA NI NEE T INZ

X MAN

Y v v 1 . .
2.8 MSUANTMINNUTAAULALNITNANTDU (Stress corrosion cracking)
@ 1 dal Y o 4 U ~ A ov A kY [ A
fﬂiﬂﬂﬂi’t’]uLLUUuﬁﬂQﬂ1ﬁﬂﬂﬂﬂﬂ§$ﬂ@‘U 3 AIUNNOANU AD LITIUAU ’Jﬁﬁ]‘i’l’t’]ﬂuu@ Lag
< 1 9 o

A Y Ao Lo g & A A '
ﬁ\ill’lﬂﬁﬁ]ﬂﬂﬂqm‘ﬁﬂﬂﬂiﬂu ﬂ"l@\iﬂﬂi%ﬂf)‘ﬂclﬂﬂﬂﬂﬂi%ﬂﬂﬂﬁuﬂﬂﬂﬂﬂ?ﬂblﬂ Wi@ll"lllﬂﬂulﬂ

~ < 1a [ '
L‘WEN‘INE]ﬂ‘l]%ulmﬂﬂfﬂilmﬂ%ITJﬁ]”lﬂLL'inﬁ)llLLa%ﬂTiﬂ@ﬂi@u

2.9 MINANTBUIINALAIINGT (Corrosion fatigue)

o

Ay go o ] v Y oA A
ﬁﬁ]‘ﬂhlﬂ ‘Ul!,ixiﬂi2’,1(]”ILL’U°1J’J‘Ll'i’é)‘]J’d”liﬂiﬂslﬁlﬁ”lullﬂLﬂui$8$l3ﬁ1u1u1uﬁﬂWWLL’JﬂﬁE]ll‘ﬂ!ﬁl’é]ﬁl

1 A o_ v (2 ! (2 o ' a ] { Q(
LmLﬁ@u?ﬁﬁﬂﬂ\‘lﬂaTJiJ'liﬂlli\?ﬂiig“l/l1LL‘]J1J'J‘14‘§E]°UL%UM§J Iﬂﬂ@giuﬁﬂ1wu’3ﬂé}ﬂuﬁfli]’ﬂ‘ﬁﬂﬂ

9
1 1% @ 1 o 1 < 3
niou 01gM3 IFuvesTagaInanIzduaseduny laga

2.10 ﬂmmn%'nmﬂllaiﬂmu (Hydrogen embrittlement)

[ 1 dy a d‘ "9 tg F) v o 3 (2
fﬂiﬂﬂﬂiE]‘HLIfU’U‘L!Lﬂﬂﬁ]1ﬂ@%ﬁ@ﬂmﬂﬂqaiﬂimuﬂtw\ﬁw1Ulﬂiuluﬂiﬂﬁz LLa’Ji’JﬂJ@]’JﬂuLﬂUﬂW‘B
A o = = < Y

“1aTmmmmmﬂquaaﬂmmmutnu,azmmuﬁumswaﬂamm AUTTUITDAINT DY

& A =
uANY303083ZIiAON 1A TUNgA



128

uﬂﬂmﬂﬁs‘fqmmmfﬁmuﬂﬂszmmmmsﬁ"ﬂﬂi'aumuamwmi‘lﬂ’f’qm*umi’aa"lﬁ%ﬂ
U MInansouluus581n9 (Atmospheric corrosion) M3nanTeuTasYAUNTE (Microbial
corrosion) miﬁ'ﬂﬂ%aumaa5”@1@1711Qﬂ1izaw1/lffﬁ1%ﬁflui'1qn1ﬂ (Corrosion of implant
materials) M3nanouTugaamnssuil Tnsi@eunazil Tnsiall (Corrosion in petroleum and

petrochemical industry) N3 fanseuluariadan lasu (Corrosion in hard disk drive)

y @ 1 a < Y v @ 2
mwwumﬁ N1l NTNANTOUUINIUUDULNTU Lﬂu]lﬁgl}‘lfﬂlﬁ]uﬂaﬂ%’lﬂﬂﬂﬂ@%uﬂ’]u

y @ ' < @ 4
mwwumﬁ N2 fnilmﬂ%}'l’J‘l]']ﬂLL‘iQLﬁ}uuﬁBﬂ'l‘iﬂﬂﬂ‘i@u"lli’]\iﬂ’iﬁﬂﬁui’]gﬂwuﬂiﬂiuﬂﬂ



129

H @ 1 @ a J < L o 1
ﬂ"lWNu’Jﬂﬁ n3 ﬂ1iﬂﬂﬂii‘)uu‘ﬂﬂﬂﬁ’ﬂ‘uﬂﬂ]ﬂ\iﬂﬂlﬂﬁﬂﬁﬁﬂﬂﬂ%ﬂ@l@ﬂﬂﬂlﬂaﬂﬂ

y @ 1 o a a a ' @
MEni n4 MInanseuveunanna lfatiusiiagihiloseoaa lus (nAaznudomsda
' Y [ Y Ny A a A o
ﬂﬁﬂullﬂﬂﬂ')%‘}‘iaﬂﬂa”lll'iﬁulﬂiuﬂ@u) HUUFUUTND LUUNQN Lastiu

UFNULON



130

5cm
[ .

MNEInA A5 MInanseutuguuediagnumsunngn gl luiumeaiionssnmn

=)

4 da g U
ﬂ'lWNu'Jﬂﬁ n7 mwmmé’mi}amiﬁumaﬂmamm‘uﬁmmm (SEM) HEMNNTGRYLay

o

s o s s A o
Iﬂllﬂaﬂﬂ]@ﬂ%mul@]ﬂﬂ\?ﬁmuﬂﬁllﬂﬂlﬁ’f]\ﬁnﬂﬂ'liﬂﬂﬂiﬂu



131

4 da 3 U v [
cﬂTWN‘L!'Jﬂﬁ N8 ﬂ'W‘ﬁ]']ﬂﬂé}’ﬁNﬁ!aﬂiiﬁu@mﬂ@li’ﬂuu‘]J‘]Jﬁ@QW’lu (TEM) VOIFUUANTIT AU

J J o (% 1
ﬂ151ﬂﬂﬁﬁ\ﬁﬂﬂﬂ1§ﬂﬂﬂi@ﬂ



132

http://www.rmutphysics.com/charud/specialnews/2/corrosion/corrosionthaiintro 1 .htm

a I'4 a [
AAZINGIANENT UHIINSIReNA 11 1adT1¥uIna

o A I & A o qy wa =
MINANTBU 13D corrosion AD MItABNANINYed Tanzn IFauinveaTane waeull
{ Id $ 1 a v I a @ 4
Tumatanas TasTanznlasu liitluansiseneuves Taveuisnizennaiy Fudlunansam
[ 1 I a [ 1 1 @
yosmsnansoudumg i Tanzinannudone lunaazil Tandin 19110 9ntlymimsia
' Y A ' ° @ A X ' ' A o a
NIoUINNNIY NI umMsseuuay 11395011 30N T30 Ininauny diunsyadenien

Y v ¥
Tieraldmsldonae i veassfidlualgaeninnnuassu msoonuuiie 19 lanzwun

'
=} o a

a o s ¥ oA 9 Y Y av @ AN Y o Y
UANNINL U ‘L!E)ﬂ%ﬁ]uu&lﬁllﬂﬂ"]ffmEJ‘UfNﬂﬁﬂuﬂ’JTJ%EJ Lwawmmwammmﬂﬂwmuﬂwu

Y o Y 2 Yy Aa Lo
mmmumumiﬂﬂﬂiau’qq mmmsl%'"lmﬁ'ﬁlumumaeumqmﬂﬂﬂiau

o 1 A ana a @ . . . = aan Y
M3nansou Ao N3 810NFA%U(oxidation reaction) Y03 avizauiluilgnse 1
a ~ ] A 9 A Y o =
lanaseu lagn lanzilsznoudieesaeu lanzimeinednuaaeaiis lanzaenuse lareda

I o A 1A A o I a ] o =R Aa ~
Wuwuse Tnuaun algoraaaseunwussilusiialulszs Tansvaivmaasoui
A ) Y A= = ¥ Y Y o = I Y A a
inaeude Ia noamteInaruami areny Tanzdalanwdunarama i e Tavzinams
@ 1 a A o o 9 =y I a
NANIOU DIaRATOUNNUTLIZHgAeDn M Inezaey Tarznlaswily deoularzilszquin
d' = Y v A Y dd‘d 1 [ 1 d' Y
et liuazsudaansauasusa I alnEen ramsnansey Taren ¥
a I~ g’.: a a ¥ A A
drannsoudluve Tua (anode) drannsowaun1e laaniio Tane Faadoun

a < t 4 Aa 3 a
vatanasowuian lsa (cathode) LE AW %uﬂ%miazmﬂwmiamtﬂumaﬂhﬂaﬁ

(electrolyte) W ooau@umMel¥iasura

[ ?A}/ [ 1 = a 49! 9 & 1 IR A a a

ANUU ﬂ']'iﬂﬂﬂiﬂu%ﬂﬁ?ﬂ?imﬂﬂﬂluqﬂﬂﬂqﬂ f?)]i]ﬂﬁ']’lulﬂ’l'] Iﬁ‘l’iglﬂ’ﬂﬂnﬂ‘lﬂuﬂlﬂﬂﬂ'ﬁ
@ J 1 o A v a o ' @ @ U <
ﬂﬂﬂiﬂuqﬁlﬁu’ﬂ ANNUNANNGINPVBINITINANMINANTOU LLaZE]GIS”IﬂWiﬂﬂﬂi@uLS’J-%}]

9 1
ﬁ“’ﬁ@}“ll@ﬂﬂﬁmﬂﬂﬁﬂﬂﬂi@u%ﬁﬁ mmﬂmiamuazﬁmmé’au



133

http://www.saneengineer.com/index.php?lay=show&ac=article&1d=538959321&Ntype=57
mshansouvedlanzuazmsiloanu
JUN 30/08/2009 14:21:54

% g o

@ [~ @ ' : a
Jagiiu simslfmantluiaaiiugudmivauae nnne  Fedonnsanlums

q a9

a o J a < =
Lﬁaﬂsl%'mmﬂmmmaﬂ HINVINITHANAIULUILTT ANV U (Toughness) PRIV RETRETaN Y

2 A ) v Y a = Y
Msvugliazanuansalumsgontlsznouudy  15183ADINTANDIANUAIUNIUNT
Y ' Y A vq ¥ 3 Y 1 Y o & ' ° &
nansouale el ldauman ldeanduar asanusuilulumssontige naziulaly

cv ] 1 j’ a 1 < I Y dy
anuilasans 15U gAAINITNOIMIT MIvuduronas laenomian Judn  unanuiioy
9 ] v
iuetilenuneInugluuumsnanseunslszsninany Tanzuazmsilesnu

@ 1 o 3 s I @ 1 {a X
1. MINANTOUU AN UEND (Uniform corrosion) 1/HMIAANTOUNINAYUIHDIIN

Tanedudanudunadon Tagoasimsgadovoiie Taneiusnuaie wlndifieany v

IfansniadasimananseutazeonuuuMIINgs NI NTNTzeza 18

v 1 4 1 v d 1 4 a A

2. MINANTOUIDININANNAANG (Galvanic corrosion) (U 11/ Tane 2 ¥HaN
1 [ 4 1 o a 1 o a’y o Y a aad 1 g’/
ﬁ”l\iﬂl!iJWL%ﬂiJﬂ@ﬂu%%Lﬂﬂﬂ’ﬂll@ﬂﬂf”fﬂfl%u Vn‘hilﬂﬂﬂ”lﬁll‘l’msll’ﬂ\i@mﬂﬁi’ﬂui%ﬁ’lﬁiaﬁ%‘ﬂﬁ

Ay Y ' Y Y ' 3 Ay ) ' o
RN Tﬁﬁé‘ﬁ‘lﬂ@ﬂﬂﬂ?ﬂﬂ]‘iﬂﬂﬂi@ullﬂu@ﬁlﬂ’31i]$l,ﬂu01iuﬂ IaﬁﬁﬂQWHWWHﬂWEﬂﬂﬂiﬂuqﬂ
1 o Y A 3 o @ J 3 1] A 9 ~ k4

wnnanmmimdun Ise TagszaumsnansauIUAUENINEWLIAANT Jarieniaed

duda szezvinInTeene (MinansounuunaNtdnIzgunssngausnulndsosnoszning
Y ) Y v Y Y v
TangNaaod HALdATIMINANI OUILAAAUNDIZHZHINTBIABUUNLUYY) FATIUNUN
1 ¥ Y A o 1 [ [ o 1 § <3

oI IsanoNuNv001 Tua (BadadIuaina1nuIn ANUFULTIUBIMsnaniounol Tuanz

A K1
BIGIVU)

3. MINANIOUUVLABIAL (Crevice corrosion) IHIUAITAANTOURIIL
31 (localised corrosion) 1LV FARATULTNITE WAL B3 DoLERYDS Tavs A duTa
fumsazaviiannsauandufiulszy Wih lectrolyte) 18 msiangeunuuiiamnsa
AT ans uriaiueTans 1y rubber gasket #n31MsnansonluF AL GIN
vouiie Tanz Tavsu (bulk) HoNNE MIfANIeuLULToALTRARL Tave Tavizwey

Aa g . 1 <3 Y Ny A
ANt passivetsu inanna 1adiu



134

o 1 I .. < o J a . I~
4. ﬂTiﬂﬂﬂ'iﬂ‘lJLL‘]J]JL‘l]HTTQIJ (Pitting) Wumsnansoummzn (localized attack) 90
= [ 1 ci’ o Y a = 9y 9 =y %‘ Y] =\ I 9 1
UUUHUN ﬂ?‘iﬂﬂﬂ‘jE)uLlfU‘1J'Ll1/]1“],‘14Lﬂﬂﬂ'JﬁJl,ﬁEIWWEJU],ﬂLLiJQﬂJULﬁEIHWWHﬂIaﬁ%LWﬂﬂLaﬂu@ﬂLLGI
I o v & a o o < =
Lﬂueumwmiwumﬂumimﬂmmmmuwau Iﬂﬂﬂ$ﬂ$QLﬂu§LLa$fﬂﬂ‘ﬂ"ﬂ%@]i')%ﬂ? WIS
< a o J @ 1 o U
mumaﬂummﬂgﬂﬂﬂﬂquﬁ’aﬂwa@mmmmﬂmiﬂﬂﬂiau (corrosion product) MINANIDU
I @ a o Aa & . = o Yy @ .. P~ o Y
suuiunquiinzimany Tane AU passive 399291117090 (driving force) NI 14
a @ 1 a < L a
lﬂﬂﬂia‘ﬁu’dﬂﬁﬂﬂﬂiﬂullﬂﬁ“lﬂslu‘l’iqn’q\i 5’1mmaum active NITVIAUITIVUADNITINANIT
@ 1 @ @ 1 ] Aa I 3
NANITBUNAUDUNQN miﬂﬂﬂiammqumzwumﬂumsazawmmaa"lsmﬂu

) 901
ﬂﬂ?{ﬂigﬂﬂﬂ U UINSLa

5. MINANTOUAINYBUINTU (Intergranular corrosion) 1AsUNANTNANTOULTIIN
. a g v VA ¥ . < v , o
WYBVINTU (grain boundary) 321Aa 1aANIN Tanz iy (matrix) tanties ualuu1eean1dz msna
] A [ ~ [ o 1 dy [ kY Y Aa
nIouUsnUVeLINTUIZ 1un wu Tamnulesvesmsnansoununil lumannd 1y

A a A I Y YNY a aa = A J
o ummsaawammmaﬂﬂm"liﬁuwmﬂmiqtgmﬂimmauiugﬂmmmi
v

4 o Y a 1] 1 =1 a Y A A ~
lud (cr23ce) mldmnamsnanseuuuuiiluusnaladuuaien ieannualnsiiey

o w Y A 4 R 9 o X <
ﬁ?ﬁiﬂﬂWﬁﬁiW\?WﬁNTﬂiﬂJﬂuﬂaﬂqcﬁﬂﬂlluulLa$ﬂ@\1ﬂu1,u@n’iaﬂ

6. MIYNTOULLULADN (Selective leaching or Dealloying) aztnany Tanznauisig

& = A L2 A o o o '
14‘1NL’c’fﬂﬂiﬂ’JmﬂﬁWgWHﬂLﬂJfJﬁNN’cTﬂ‘U”UiﬁEﬂmﬁ LBU

6.1 MIKNTOULLDL Dezincification YOINDUNADI (NOWAIHNANTINH) Ndanzd
A Yy A ' A g & Y A a '
vgnazageon 11 mie Iimdeuanswasiitlugniu Fauningnsezmilowdy uaanuy
< [ 1 a A A
udauserzanas  dgymasnandunsoanala laemsauayndszana 1 % asluneunies

<3 [ 1 A a 3 I
6.2 Graphitization Y9 UMANKADIN fi® MINATOUMRATUIHBIINKAN (97
' ] o ] . A g o
Tua) ynsou 'l maeaninens1 Iidanyaizunu (Graphite flake) MiiluaIsald vl
I [ = [ o I 1 L4
Taseafruannaomgadennuuis msuddlywisilasmslfmanvaenst ddnay wio

< 1 =\
IHanN1aoeuLilgd (Malleable cast iron) LN

[ . . I @ 1 { a - [
7. MINA¥1e (Erosion corrosion) H_]uﬂ'liﬂﬂﬂi@u‘ﬁLﬂﬂﬁ]'lﬂﬂ\?ﬂ'l\?lﬂﬁllﬁ%‘ﬂ1\1ﬂﬂ YU

' ' Ao 1 x < o ' dy '
Gl.uvlﬂﬁﬁﬂ'ﬁa%ﬁw‘ﬂﬂﬂﬂ'ﬁ’f)u“?\‘l’f)ﬁlﬁﬁﬁ!ﬁ]?ﬂﬁi’)ﬂﬂlﬂ\uﬂlﬂﬂﬁu NINANIDULVUUISYNII



135

Y] = oq v & A 1o q ¥ S 1A 9 A
ﬂ’JfJﬂTi‘lfu‘lJm@lgmﬂ %Qa1ﬂw11ﬁluﬂiaﬁ$ﬁqﬂﬂaﬂ ﬁiﬂllﬂw11ﬁaﬂﬂ‘1°ﬁﬂlluuwﬂﬂﬂ@\3w3

IS Y dy o 1 1 é’
riqgaooen lﬂﬂiﬁluﬂiaﬁgQﬂﬂﬂﬂﬁ@u\ﬂﬂmu

[

8. Stress corrosion UM INANTBUNAA TATANAUIASTNWNIATOUNNA

nsou  TagamnANuALYed lanye1anaAn
Y A 9 . p !
8.1 anuAuneluvaeng (Residual internal stress) 15U

Y v
8.1.1 9nM3vugiiu (Cold forming) Feaunsoud luldlasimson

! . o Lg
99U (Annealing) HaIMIVUF1)

IS ] ' o a I
8.1.2 msuaess iminaveningungiige iiudu

8.2 ANMAUIINAYUDN 13U
8.2.1 msduezifion
8.2.2 M3sumseanlng
8.2.3 HaUeIANNTeU (VeneAIvTenaa) 1Tludu

Y % [ \
msdesnumsnanson

31AINT0FEAONMINANTOUVDI TaKie 14 Iag

A Yo . . A '
1. ﬂﬁm’é)ﬂslﬂn’dﬁl (Material selection) MUANIZ TN 1FU

<)

1.1 lunsaindeurouss lavs 2 ¥ilanannuy a1s@en lavenumdans i

o

FANFU (Reduction potential) 1nalAeery ioilosnumsnanseauiinsainanuaia

o d
N8 (Galvanic corrosion)



136

~ I A A a ~
1.2 Tunpsaveanannd Fatunldnuusnanlndnza  s1amwsoaauullily
a [ 1 .. A 9 d' a ado
MIfaMINANToUILUYQY (Pitting) 17 Ineiden1dinTa 316 Anau Tuavudtiulszina

2 % UNULNTA 304

~ < YYY a A v 1 A 9 @
1.3 Gluﬂimmmmaﬂﬂa1"]5auwwumammmmmﬁau Lﬂ’e’ﬂlﬂiﬂﬂ@\iﬂuﬂﬁ

v
IS

[ 1 . A 9) I'4 :, 1A
NANIDUATNUDUINTU (Intergranular corrosion) ”lﬁ'TﬂmaaﬂGlmmwumsmum (lllll,ﬂu

' A = LA 2 A v o J Y
0.03% LU 1N3A 316L) VI9INTANKHAY Ti 1159 Nb (GNmammmmiummmumsuau”lﬂ

annlasdion)

1 d' A 9 d' d‘ Y v [ 1 a d'
1.4 lalageamsaenlyalaiew tiieosnumsnanieuusnusesron (9

= A A <] Y Ny A Y
i?ﬂaglﬂﬂﬂiuﬂﬂﬂﬁimiﬂﬂ “ﬂ"lﬁl“]f’f)iJ!ﬁﬂﬂﬂﬂWlliﬁuiJ” "lﬂ

a . y )
N http://www.isit.or.th/techinfo.asp) 1luau

P A ] v o\ & e
2. NMIvaNLUL (D681gn) NINUIE T LHU a’eJmmu“lwﬁﬂmuwummaﬂuﬂmwum

Y01 15ANFIZAANTNANTOUNUY Galvanic TaanI

2.1 MMsnaeu TaeMsiioIsaed193ounsl Y MIMauu langninumsna
' ' = ~ @ 1 ] Y g A H 1
A5 (anode) Tae lumavuTanzndrumumssanisuunni @ 1sa) wwdluaan 'l
o A < 4 a A = [ G4 o Y a j’ =~
M54 1HeIINgUUIAIAN (pin-holes) TuuSnanma lauysaivzrhldinaiunor Tuavuia

< 1A dy A 1R J o 1 a A
an LLGI?JWHﬂWI‘ﬁWV]GUH']@clﬁﬂJU ﬁNL‘]J‘L!ﬂTiL'iQﬂ']'iﬂ@ﬂiﬂumW"l%Uil’Jm‘V]@']Tuﬂ

2.2 aamsduiama IiihszrnaTangaawiianuiieioany Galvanic

. 1 9 . <
corrosion 191 1¥n1U (insulator) A

]
[

< < < ' { o
2.3 Gl%'ﬂzmu (Gasket) ‘ﬁl,‘]J‘L!"U?NLHN LB mvxlaeuxmu a@ﬁ@ﬂmmmmaﬂﬁ’

$ 1 1 4
2.4 panuUUAILANMS Inavesmsnuuasluneuaz na Idmmnzan Tag
MiadegUi e anEUEMUTVINGA H5OMINUANUHINUBITAUT NUNYINAITY

. . I
@9 (Erosion corrosion) dudu



137

2.5 lupsaindeamnuuesarainiazgnouaune lave o1vnasanl¥dinsouie

<3 4 1 @
NIDIVDILUIDDN lﬁ@ﬂnﬂﬁﬂﬂ‘liﬂﬂ!ﬁ]ﬂg

A 92 Yt 2 A PYy A g
2.6 sonuuUe 1My LAN IR TANUHUININTU YT eeanuu IHFLOIuREuel

Tuagnsonealasu gouthgalade

9 [ < A A = =
2.7 dwmsumanna aniui IdgadeTasidien I luglvesans
J l 2 A 4 o
ludl (sensitised) 150 FunumnAmumaFon  mslivlgalasnszuaumnmennudon

A s s vy o o v
L‘Wf]ﬁg'd']Elﬂ13U],‘]Jﬂ%3ﬁ1ﬂ15ﬂG]f'JEJ”JJ’fNﬂUﬂTEﬂﬂﬂifJHWTNﬂlﬂﬂtﬂiuqﬂ

2.8 15191115099 Stress corrosion cracking 16 Iagn1saaaNMAUHMAMalY

v
o

v
yuanulieias Tasnseuaaignnunion

P A D) ¥ X A v =< o
2.9 GLGIfﬂﬁL"If@?JLWIuﬂ'IiGlGU“I’ﬁ;Iﬂfﬂ (Rivet) ioaaniNagy (Bolt) Gluﬂ'liﬂﬂﬁl’dﬂ

MWD N9 7319 Bolt BaTane

a A =
MUAUINN N10 ﬂ’]il"]fﬂllﬂﬂiaﬁz

2.10 MItrouns lane 2 ¥hanaanu asaenly lanzn ldroundumumsna

J 1 dy A9 =2 ! ' 9 (S
ﬂiaugqmﬂamwu (Base metal) NODIN1TYANDDYINUDY 1 §17

3. msﬂ%’uﬁmwumﬁ'@n (Modification of environment) uazmiﬂwgﬁﬂyﬂam 15U



138

9 1
3.1 ﬂ”l’ii%ﬁ”liﬂﬂﬂ\iﬂﬁﬂﬂﬂiﬂu (inhibitor) W’Illil!i"fﬁﬁ%ﬂWEJVW%)@Qﬂ”IiGlGISfIﬁH’s’IfN

]
¥ @

v & A Yo a A o ' o ~
%ﬂlﬂ‘ﬂﬂi@%WﬂﬁNﬁﬁ LWf]aﬂﬂ’]ﬁﬂﬂﬂﬁaum@QQﬂﬂimTﬁﬁgﬂﬁNNﬁ

= R Aa a o A 9 A o 1 ' A
3.2 ﬂ1§'ﬁﬂy1ﬂ\1@1’l‘ﬁwamﬂ\iﬂﬁ]ﬁ]87]1\1ﬁ\unﬂaﬂu‘ﬂm@’flﬂjjﬂﬂﬂjﬂu LYY ﬂﬁi!l]ﬁﬂu

3 A 1 I
anmana Isadluor Tualuszuuaunadonaias Wudu
[ o [ { (] 'o
3.3 hAnuazea asadouglnsaiazysanNEUNANA 1O EI 1ETND

A a = . . A 9 @ v A a IS 9
4. MIAADUNY N (Coating/painting) HAIYAUHAYLUY (FU NITIAADUNUNANAIY
a2 a A A = A < 1 A = 4
NS AYN HIDDUUNA (ﬂi?ﬂﬁglﬂﬂﬂiuﬂﬂﬂ’ﬂmiﬂi “IUanNLNUIANDUBUUND Vlﬂ

< . ! )
N http://www.isit.or.th/techinfo.asp) uau
5. 33mMIma1il-1a% (Electrochemical methods)

an o A v %
5.1 3% Cathodic protection Iasm3in i Inseadandesmsileamuiua Isa &

v
919911 Taems 1nszua i (impressed current) ¥5em3 191 Tuadulang (sacrificial

(=

@ X [ $ g 1 @ $ o 4 [
anode) Tagl¥iaadrougaimmhinduer Tuadeinu langndesmstlesnu e liknsou

a

Uy
mudehnlsl
- +
snmatufiu
/7 V777 7
st . I'ﬁ'
-~

1 ' <3
MNHUINA P11 Cathodic protection Yesnowian Iaauyunldnszua'luih

5.2 3% Anodic protection Tagmsl¥nszua liharnameneninly Tanshdeans
v H 1 v
Unilesadusuilaunades (protective film) NA¥eaz 19 1dnu Tanzifeanaria a1

91N Cathodic protection Nenunsa lnuTang Iannaiia



139

http://www.Ipnpm.co.th/th/knowledge6.php
mInanseuvedlans

Y
13 =} 9

o = 3 g o 1 % A
g itimsdmandutagiiugudmsvauaie mnne Faennsanlumsidon 14
A o ¢ g A < ~ E
HAAAMNAN UONIINILYNANULAILTI ANNNTIYT (Toughness) ANWAINTD U MITuFL
uazANuaIIn lumaFeulsznouudn 15183de HasandinuA UL MInanToURY
A Y9 ¥ <] Y Y 1 o & ' o o @
e ldldaumanlaedns quat aaanusuilulumssomhye uazidule Tuanulasans

' v A A ' )
U AFINNTTN 91113 NITVYU wamaﬂﬂa‘mmaﬂ Lﬂu@u

1. MINANTDULUVANUTND (Uniform Corrosion)
3 Y ' Aa X A v o w A ) o = X
WumsnanseunnaIuieIn larzdudanawadey Iagsnsnsguyasuediiio
Tanznusnuae 1w lndifesnu vhldauwnsaiasnsimsnansou tagoenuuunithya

SnpenurTzeza la

[ 1 4 1 v d
2. miﬂﬂﬂi@utﬁﬂwmﬂﬂmmﬂﬁﬂﬂ (Galvanic Corrosion)

@

1 d' a d' 1 [ d' 1 a 1 Y u’dy o Y a
WU o lane 2 ¥UANANI UL UTONAD ‘Lli]%lﬂﬂﬂ’JnlﬁNﬁﬂEJ"Uu‘Vlﬂﬂlﬂﬂﬂ?iulﬂa"UE]\‘]

Y o J

aa ' g A FE)) ' I A
@Lﬁﬂ@liﬂuﬁz‘ﬁ’JNIﬁ'ﬁ%'ﬂ\iﬁ@\‘liﬂ‘ﬁg‘WWWN'VI”I'L!ﬂWiﬂﬂﬂi@ullﬂu’f)fJﬂ’ﬂﬂmﬂu 01 1ua lavigh
Y

v
=1

Y v J Y ' o I
ﬁ'lu‘]/'l']uﬂ'lﬁﬂﬂﬂiﬂu”lﬂll']ﬂﬂj'wnﬁu'wnﬂixlﬂ'liﬁﬂ
Y ' H 9
Iﬂﬂigﬂllﬂ’lﬁﬂﬂﬂiﬂu "ﬁuﬂﬂﬁﬂ’]Wﬁ\ul?ﬂﬁlﬂﬂﬁiaﬂzﬂQﬁ@\?ﬁNNﬁ TLYLUNN T80 (N1T
v 9
113l ﬂi’t’)uufﬂllﬂa’JTHﬂfl]g?uLlﬁ\ﬁﬁQ‘ﬂﬂﬁljmiﬂéjﬁ'@ﬂﬁeigﬁqqﬂ Taﬂgﬂ\iﬁ@\ulagaﬁﬁ’]ﬂqi 113l
' A ' (A a0 TP o A A v & A
NTOUITANAUUDILIZHINIINITVYADUMINNUU) FATIU Wuﬂm@ﬂﬂ’]?ﬁﬂﬁﬂwuwﬂ]@ﬁ 'E)']Tu@]

A o [ ' o 1 { ] 2 2
(ﬂﬂﬁﬂﬁ’)uﬂ\iﬂﬁTnﬂﬂﬂ’NiJjuLL‘NsU@Q msnanseunion lua ﬂ%mqﬁu)

3. MINANTOULUVFBULA (Crevice Corrosion)
Fumsfanseummza3 e (Localized Corrosion) LM 1NIAAA1I3 1% FoauALY®
5’amwﬂmmTamﬁﬁnvTﬁfTumiazamﬁmuﬁmlmﬁmﬂuﬂimfh\l% (Electrolyte) 1@ M3na
3ot ansonaa i Tave dufary oTavs 19 Rubber Gasket 8051M3 fAnTou
"lwﬁmLm‘uﬂz'g;mm'wauf‘iaiawﬂﬂﬂian(Bulk) wenvninisianseunugean dnifady

{ {a d 1 3 a
Tangh Tanzwaun Audlupassive 15U mannar ¥ atiy



140

[ 1 I

4. manansouuuuurgu (Pitting)
< o ' A . = = o ' 2 o Y Aa
FumMInaNToURNIEN (Localized Attack) DALUVHI MINANToULDV M 1FiNaawL
= Yy Y = ’.f o = <3 Y 1 Q3 o YR~ =
@omeldudgadaiminlavzifisauanties uailusuasiemszinitumsdemenny
@ o 2 A < Y A o &
funay Tasaznzqiluguazenazasnm ns1zuinaEn 1ae19gnUnaquade nandua

@ 1 [ [ I~ @ a o ia &
INMINANTOU (Corrosion Product) Minansou uuuilunguinezinany lavne nRuilu
passive 39929119 311599 (driving force) Nuzih lminanszuamsnansou lvalillunquygs

a < @ 1 a [ 1 [ o [

fAINGUON active NIZVIALTT TUADAITNANTNANTOUNALLUNGN MINANTOULLUNGN

] Aa J 3 J ' H
wnudeeluaisazate ﬂﬂﬂﬁﬂ\liﬂlﬂUGQﬂﬂigﬂﬂﬂ FU UINSLa

5. MINANTOUAINVOULNTU (Intergranular Corrosion)
a o ' a . a Y A 4" %

TanAmsnanT oY UVOLINTY (Grain Boundary) 921 laan117 Tave i (Matrix)
< 1 Iy 1 a 1 H 1 %
ranioo ua luueangmsnanioussnaveuniuz laun 1w Jamninulesveams na

' 2 < Yy a A a A < YYY A Aa -
nsounuuillumannd aiiv Ae Usnuses¥ouues annd1 I3 atuimamsgade

$ 4 4 o a o 1 ¥ a 4

Tasmewlugdvesaslua (cr23ce) shldinamsnanseunuuiiluusnalnduuaiioy

A A o [ 9y o A o 1 9 [ zi’ <3
!Mﬂ\ﬁﬂﬂ"’lﬂﬂiﬂimEJiJ’cTT‘rii“JJﬂﬁﬁﬁN‘V\lﬁ‘JJ Tmmﬂuaaﬂ‘lﬁmmmuuazﬂmﬂumamaﬂ

6. M3 vgm'ammmé‘aﬂ (Selective Leaching or Dealloying)
' A a o = &£ o~ 1A L A o oo o
ﬂ"liﬂﬂﬁ’EJuLUJ‘]Jm’f)ﬂi]3&ﬂﬂﬂﬂ1ﬂﬂ$ﬂﬂ'3~l‘ﬂ‘ﬁ1iﬂﬁu%ﬁﬂﬂiﬂ?W@ﬂ‘ﬁTﬂWuﬂﬂJﬂﬁﬂJNﬁﬂU

UFTEINA 195U

6.1 MIYNTOULDL Dezincification Y9INDUNADY (NOIWAIHTNTINGT) NAINZT
A Yy A 1 A & = Y1 A a 1
g azawoen 11 mde ivasuanswasiitlugngy dwiigns wemilowdy uanu

< o 1 Aa A
IS INIYSRR EAS 199N ﬂﬂJﬁWﬂ\iﬂﬁnﬁﬁJﬁﬂﬁﬂa\i‘lmﬂﬂﬂﬁlﬂNﬂuﬂﬂi$M1m l%mﬁluﬂmmﬁm

<3 J ' 4Aa X 4 <
6.2 Graphitization YBUMANKWADIN Ao NMIKNTOUMNATUILBIINMAN (91TUA)
1 ] d v ] A d o
ynsou'lll mideaions liddnyaigiry (Graphite Flake) Milua1sa’ld vl lnse ads
< ' = < Y o Yy g ' 14 A < '
manuaomgadennuuds msuntyrii lasmsldivanude nalWdnaunse manvae

UL (Malleable Cast Tron) (NU



141

7. M3Na1E (Erosion Corrosion)
I o ' A a 2 a 1 1 v A o ' = a
HumsnanssuNAANNNINUANLAZNINg 1Y TunedaasazaieNnanIon B9919% @13
< @ 1 -4 1 : o ¥
HUIUABBVBITIHETN MINANTOULVDTHILYNITIRIBMIFUYBIBYNIA FI01971 1N 1ilp
A 1o q 9 S oA Y A A v & o ' '
Tanzigaoen vsouninlosn lvauiuiilnilesiavgaoen lalviiie Tanzgnia nsondie

K1
YU

8. Stress corrosion
< @ ' A a Y Y A o J Y
lflJUﬂ”liﬂﬂﬂi'ﬂu‘mﬂﬂiﬂﬂﬂ??ﬂlﬂulm%ﬁﬂ"lWlL’JﬂﬁﬂlW]ﬂﬂﬂiﬂu Tﬂﬁl’dﬂ"lWﬂ'J”llllﬂu"U’EN Tﬂ‘ﬁ%
P}

A 1 <
p19nAINANMAUA e TUMADAIN (Residual internal stress) 141 910N15UUZ Y (Cold

. ! o 1 4 [ 2 < ] ] ]
forming) Haa15aud W 1@ 1asviiNTeU8eU (Annealing) naansyugl, masuddodn

o a Id a ' <

ﬁ?ﬂ!ﬂll@iﬂﬂﬁgm‘ﬁﬂllq@ Lﬂuﬁl‘u W‘%@@'ﬁ]!’ﬂﬂfﬂ']ﬂ ‘ﬂ'J'liJLﬁ)u"l]'lﬂﬂﬁJu@ﬂ L¥U mﬁﬁuﬁzgﬁeu,

@ @ Y Y (g A @ < 9
f‘nﬁi“ﬂfﬂiﬂﬂiﬂﬁ, HaUDIANUTOU (VIIAINTDHAND) 1 uau



142

http://www.electron.rmutphysi cs.com/physics-
glossary/index.php?option=com_content& task=view& id=1273& ltemid=32

anodic reaction ﬂgjﬁsmuaiuﬁﬂ

UgnsenTuiluaiing i Tangifamsnansou M - > M"+ne 1ilo M Aoozaonyed lansd

a g @ I
1‘1}{ NATOUDDNUT n ﬂﬁllﬁ}'ﬁﬂﬁ'lﬂlﬂuhlﬂﬂ@uﬂﬁﬂ

WandswI0Ra

MuEINA 012 UFnsene Tuan



143

MANUIN U

4' 1 1 a 1 9 Yy a 2
§$°U°Uﬂ'liL"]fﬂll@]ﬂﬂ'li@l@ﬁ\?ﬂu"llﬂ\1Iﬂi\1fﬂiﬂE]ﬁi1ﬁiﬂllww1ﬁ1ﬂlﬂaﬂi”lﬂlﬂﬂﬁ



144

o B o e e ey
= L g WA G
5 W VO
FRUELNL "S5 & Wofels i e gt B Ly e D R TRy w A e Bl 05
i, ]

rjo g ebed !“H““.h“ a5 e L FL S ELIG 0 S ] 1 G LA SITER WA O [ [RRARYS S RERSTS Uk A (F

_._.l..m-__ SUOE L et i oE peoddy dl PR PRTRALORE LU S IR LA AR\ DL ITELARTS
B a MON  TASTEL Fewwyn| PsLe Bugssues  jga R ey 0 AR e LR P S e G Ry B e (F
WULIES W LN TEE YREmD 1O MO ELEL e EEPCIL TR T —— —_— XA SR ERTRAR LY GRLYS B TR LS U 8 AR e - LM =

ol = L LD B S [ RRR TR L

JE— [] R L A )| S| WS ST AT RN ) FROY IV 0 L SR (A L s

ek S S o e L A e Y -

Tmar] NN O g b A IS LB w-

Ll ]
s el |
=l L e il Tl e - k| W e i e S i, 1 At Xl e ) D e e, T | - R T Lt T ety o e R Tl ety w2k bt Tl
by |
| i
HEAN BEEES L yas
i de - we
=
bl bl b A e b AR B B R Bl A L
i 2
ol A A S o A S S o Vo A S o O A A

T

_.MH__ HERp

[ iad g

A

g e \%%
f B e T

| __
| o] |
i h—
O M wauny TS A " o P up I_|
T T #in
e ; [ g B prgs -._:]_l_._ Bigen
...L.E-.._. IS B L L R B BTN SR
o3 e oy i S EoEy ey
LN ]
ngws
[ L
g
AT g
FRARD T SR R s Egrg) EELER
L] i1
FEmuSnt TEW dnu_saﬂ.__ N
LD (LR —_—t————— — ————
e I
A | = — PRI LG LD AL
= £ J L3 5 B I - sprsro
LT T T _ _ ] .l_
Opgme _ | _ _ ka | ™
T T e siiin : -
ey -] [-] [-] -] | mwes | F..
P L _ Kurg o | ¥
[ T 5 L |
B s v GupE =
L e ‘e o g _ Hupum m. w
e iR T m [ mounce Mpwgmea)
Fv # Sl | B p 34 Aot e
i I B | e,
f 3

SNIW3IS

ANSTNINA

Tfhaema

Aoa31950

TAsams

a

MNEUINT U1 FZUUMSITONADNITADAIAUVDN



145

MANUIN A

1193314 EN 50122-2



146

Page |
EN 50122-2: 1958

EUROPEAN STANDARD EN 50122-2
NORME EUROPEENNE
EUROPAISCHE NORM

December 1298
SC9XC/WG C1 (Con) 235
English version
RAILWAY APPLICATIONS
Fixed Installations
Protective Provisions
against the effects
of
siray currents
caused by d.c. traction systems
Applications Ferroviaires Bahnanwendungen
Installations fixes Ortsfeste Anlagen
Mesures de protection SchutzmaBnahmen gegen
contre ies effels des die Auswirkungen von
courants vagabonds issus Streustrémen verursacht durch
de la traction électrique Gieichstrombahnen

4 courant eontinu

Revision green Group 3.12.98 Briissel

Will, Armstron ch 'y
CENELEC

Evropean Committee for Electratechnical Standardisation
Comité Européan de Mormalisation Electrotechnigue
Eirropdisches Komitee fir Elektrotachnischa Mormmung

Central Secretarial; rue de Stassart 35 B-1050 Brussels



147

Page 2

EN 50122-1- 1998

Contents: Page:
Foreword 2
1 Scope 3
2 Mormative references d
3 Definitions 3
4 General q
5 Tracticn power supply system 10
& Track system 1
7 Influsnced structures 14
B Protection methods applied 16 metallic structures 17

Annex A (informative) Mensarement of the corductance pecunit length

of the runming rails 18
Annex B {informative) Examples for protection methods applied to metallic structures 2
Anmex C (informative) Estimation of the longitudinal voltage in reinforced railway soucrares 24
Annex I (informative) Bibliography 26

Foreword

To be added by CLC/CS



S

148

Page 3
EN 50122-2: |998

1 Scope

This standard specifies requirements for prometive provisions against the effects of stray curents which
result from the operation of d.c. trection systems,

As experience for several decades has not shown evident corrosion effects from ae, traction systems and
actudl investigations are not completad, this siandard only deals with stray corrents flowing fram 2 d.c.
traction system.

This standard applies 1o all metallic fixed insullations which form part of the traction sysiem, and also 1o
any ather metallic components located in any sositon in the earth, which Ay ATy SiTay currenis resulting
from the operation of the milway system,

This standard applies 1o all new electrification of a d.c. raibway system. The principles may also be applied
to exigting electrified systems where it is necessary 1o consider the effects of SIFAY curments.

The range of applicsion includes:
railways,
- puided mass ransport systems such as:
Tramwirys, elevated and underground railways, mountai ratlways, trolleyvbus systems and magnetic
levitated systems;
material transportation systems,

Thia standard does not apply to:

i) mine traction $ystems in undergroond mives:;

t) cranes, wransportable platforms and similsr transporation equiprment o rails, temporary strucmres
(e.g. exhibition structures) in so far as these ars not supplied directly from the contact line system and
are pot endungered by the traction power supply system;

¢} suspended cable cars;

dj funicular railways;

&) maintenance work.
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2 Mormative references

This European Standard incorporates by dated or undated refersnces, provisions from other publications.
These normative references are cited at the appeopriste places in the text and the publications are listed
hereafter. Fos dated references. subsequent amendments o or revistons of any of these poblications apply to
this Evropean Standard enly when incorporated in ithy amendment or revision. For undated references the
latest edition of the publication referred to applies.

EN 50122-1 Ralway Applications
Fixed installations
Protective provisions relating to
elecrrical safety and earthmg

EM 501627 Cathadic protections of busied or immersed
metallic structures - Genera] principles
{Dealt by CENITC262/8C3WG1)

TEC 60050(826) International Eleerotachnical Vocabulary
Chapier 826: Electrical installations of buildings

") in prepasation



150

Page 5
EN 30122-3: 1998

3 Definitions

Far the purposes of this standard, the following definitions apply:

31 stray current

A current which follows paths other than the intended paths.

3.2 stray current zome

Lo in which eurrents may be exchanged betwesn a d.c. traction system and metallic stryetures o earth.
MOTE: Such a stray corrent zone may sxend over a distance of a few kilometres,

33 corrosion

The chemical ar electrochemical reaction of a metal with fts environment, resulting i its progressive
degradation or destruction.

MOTE: This standard deals with with corosion by electrochemieal reaction,
3.4 cathodic protection

A method to pretect & metal from corrosive attick by causing a direct current 1o flow from its elactralytic
‘environment inte the entire metal surface.

341 polarized electric drainage; polarized drainage

A form of drinage of stray currents in which the connection between a protected structuns and a traction
system includes a unidirectional device or devizes such as rectifier or a relay and contactor.

342 forced drainage

A form of draimage in which the connection between & profected strocoure and a traction system includes an
mndependent source of direct current.

343 impressed carrent installation

A reetifier or other d.c. source supplying dircct current to a prowected stracture in order 1o achieve the
DiSCESSArY profection potential.

3.5 protection potential

The more negative level to which the patential of a metallic Struciure, with respect to a specified reference

electrode inan electrolytic environment, has 1o be depressed in order to effeet eathodic protection of the
Struerure.
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A6 return circuit

All eonductors which form the intended path for the raction return corrent 2nd the carrent under fauli
conditions.

NOTE: The conductors may be for example:
- runming rails;
- refurn conductor rails;
- retum conduetors,
- retarn cables,
3.7 track return system

A system in which the running rails form a part of the return cireoit,

38 return conductor

Conductor, which parallels the track and which is comnected to the running rails ar periodic intervals,
39 return conductor rail

A eonductor rail used instead of the running rails for the traction retom cument,

318 return cable

#n insulated remrn conductor forming part of the retumn circuit and commesting the rest of the reourn cireuit
tix the: substation.

311 return cable bushar
A bushar in substations at which return cables terminate.
3.12 d.. (iraction) substation

An installation the main function of which is to supply a contast line system, at which the voltage of &
primary supply system is converted to the voltage of the contact line.

313 tractien return current
The sum of the waction currents reurning to the suppiy source.
Mote: The supply source may be o regenaseraling vahicle.
314 rail joint bond
A eonductor ensuring the slectrical continuity of a rul at & joint.
3.15 insulated rail joint
A mechanical rail joint which longitedinally separates the rail electrically.
316 rail-to-rail cross bond

An electrical bond that ineerconnects the renning rails of the same track.
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317 track-to-track cross bond

An electrical bord that interconmects tracks.

3.18 earth (TEC 50 - 826-04-01]

The conductive mass of the sarth, whase slecric potential ar any point is conventionally aken as zer.
319 earth electrode [TEC 50 - §26.04-02]

A onductive part or a group of conductive parts in intimare contacs with #nd providing an electrical
connection with sarth.

320 munmel earth

The electrical interconmection of the reinfoecirg rods of reinforced concrete mannels, and in the case of other
modes of construction, the conductive intercormection of the metallic parts of the nmnel,

321 strocture earth

The electrical interconnection of the reinforeing rods of ssructures, and in the case of other modes of
comswruction, the conductive intereonnection of the metallic parts. Examples are reinforced railway
siructures such as bradges, viaducts and reinforced traekbed.

322 rail to earth resistance

The electrical resistance between the runming rils and the esarth.

NOTE 1: For d.g. traction systems in tunnels the messsrement 5 made bereeen the renning rails and
tinnel earth,

WOTE 2: In this seandard the rail to carth msistance refers 1o & single-track insmllation, unless
otherwise explicitly specified.

313 conductance per wnit length
The reciprocal vahe of the rail to earth resistance per unit of leagth,

NOTE : In this standard the conductance per unit length refiers to a single-track instaliation, unless
otherwise explicitly specified.

324 equipotential bonding [IEC 50 - B26-04-0%]

Electrical connection putting various expased conduetive parts and extransous conductive parts at a
substantially equal potential,

135 equipotential bonding conductor [[EC 50 - 826-04-10]
A protective conducior for ensuring equipotentil bonding
326 rail potential

The volsge occurring under operating condition: when the rusqing rails are wilized for carrying the
traction return current, or under fault conditions, between running rails and earth.
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327 (effective) tonch voltage
Vaoltage under fault conditions betwesn parts when touched sivnulianeously.

MNOTE: The value of the effective touch voltage may be appreciably influenced by the impedance of the
person in contact with these pans.

3.28 accessible voltage

That part of the rail potential under operating conditiens which can be bridged by persons, the conductive
path being conventionally frem band to both fest through the bedy or from hand to hand (horizontal
distance of 1 m to 2 touchable part).

329 closed formation

Area where the wop of the running rails is ar the same level as the surface,

330 open formation

Area where the running rails are laid above the surface,

331 raflway authority

The persom or organisation whe owns of is responsible for the overall management of the relevant railway
infrasrucmure.

331 validation

The process of demonstrating by tzst and analysis that the system under considezation mests in all respects
the specification for that system.

333 wverification
The process of determining for sach phase of the safery lifecycle that the ovepist meets in all respects the
ohjectives and requirsments set for the specific phase, for example, forward traceabulity from the
raquirements specification through each s1age of the design documentation to the final design.
NOTE: Verification may include testing.
3.34 carthing
The connection of conduetive pasts 1 an appropriate earth slecurode.
335 open traction system earthing
The connection of cenductive parts to the track rerurs system or the track refuen System to earth by a

voltage-limiting device or by circuit-breakers, which make a comductive connection aither temporarily of
permanently if the limited value of the voltage is excreded.
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4 General

4.1 d.c traction systems may causs siray currents which could adversely affect both the railway
concerned and / of cutside interests. In order 1o determine the extent of the problem an assessment study
shall be carried out in co-operation with the afected parties. The cuicome of this action will assist ar the
design stage to establish the optimum range of sofutions for any identifiable effects. Any provisions adopted
to comtrol the effects of stray currents shall be subjected to validation and verification according io the
provisions of this standard. If no specific effect / remedy is determined consideration shall be given to the
establishmenr of & regime of perjodical checks.

All connections to the ek retum sysiems shall be approved by the rilway anthority,

Frotective provisions against electric shock shall take precedence over provisions agaimst the effects of stray
currents. See EN 50122-1.

NOTE: The major effects of stray correats can be-

- corredicn and subsequent damage of metallic structure where $tray currents leave the
metaliic stroemres;

- the risk of overheating, arcing and fire and subsequen: danger to equipment and persons not
necessarily within the railway authority's arca of responsibility;

- influence on non-immunized signalling and communication systems;

= influence on unrelatsd cathodic protection inscallations:

- influence on unrelated a5, and d.c. power supply systems.

22  The fellowing systems which may produce stray currents shall be considered:

- dc. traction systems using running rails carrying the traction retum current inclwding track sections of
other traction systems booded to the wacks of d.e. traction systems

- de. trolleybus systems which share the same power supply with 2 system using the ranning rails
carrying the iraction return current;

- d.z. iraction systems not using running rai's carrying the traction returm current.

43 All systems which may be affected by stray currents shall be considered such is:

- cables wath armour or metal shield;

= tanks and vessels;

= earthing systems;

- COMETELE CONStructions containmg metal;

= buried mezallic srrectures;

- unrelated cathodic protection instaliasions;
- signalling and telecommunication systems.
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5 Traction pewer supply system

51 The traction power supply system, the remarm cirewit and the earthing system shall be considerad by
a study. In order to allow the assessment of the stray current effects, the swdy shall include aspects such as:

- diszance between the substations,

- remurn circuft bonding;

- insulation of the rails and other stractures from easth;
- additional corrective provisions (see 6 and 7).

52 Where required the outpur voltage of individoal substations shall be adjusied in order to minimize
siray current effects.

33 Ifwolleybuses and ramways neceive their trection current from the same substation, one of the
trafley contact wires may be conacetsd with the track refum system at one or several poinis provided that
the track retumn system allows the continuous passage of current. In this case it shall be checked o
determine whether the protective provisions for tramways 1o minimize stray current effects are still
sufficient.

54  The return cable busbars in substations and similar installations shafl be operated so that they are
insulated from earth. Where required for safery reasons an sutomatic voltage-limiting device to connect
between the return cable busbar and eanth shall be provided in secordanes with 7.2.6. For substations in
depots and workshops see 7.4,

35 Retumn cables shall have an insulating outer sweath. Return conductors and return conductor rails
shall be insulated from earth.

NOTE |: Where mechanical damage is likely, reurn cables should have an additional protection.
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& Track system

6.1 Rail system

6.1.1 Rall to carth insulation
6.11L1 Values for conductance per unit length

For areas where there is a risk of serious stray current effects the conductance per unis length shall be
sufficiently low during construction in arder that the vahues given in table | can be mzintained during

normal operation.
Table 1: Recommended conductance per unit length G for single track sections

Traction system Open air Tunne]
5/ km 5/ km
railway 0.5 0.5
Mass transportation system 0.5 0.1
in open formation
Mass wransportation syatem a5 -
[in closed formation

N"DfTEI:Thr.val‘ucsgiv:ninrah[:Imhamdun:wnmrmmgmﬂqumk.

NOTE 2: Provisions to achieve the vahues for railways and mass iransportation Systems in open
and closed formation are-

- clean bailast

- wooden sleepers or concrete slespers with insulated fastening systems

- adequate clearance bepwern running rails and baflasc

- effective water drainage

MOTE 3; Provisions to achieve the improved (fower) valves for closed formation svaterms are for
INSEAmee;

- embedding the running rails in an insulating resin bed

- interposing insulating layers betwesn the tracks and the Supparting structure.

NOTE #: In arder te demonstrate compliance with tzble | a recopnized measurement ethod
should be used such as given in Annes A
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#.1.1.2 Level crossings

Al level crossings, where the running rails are lnid in a clossd formarion, care shall be tken to avoid
increasing the conductance per unit length significartly abeve the typical value of the adjoining rack.

6.1.1.2 Grassed areas

For tracks in grassed areas special provisions shall be taken to achieve and maintain the level of insulation
{according 10 table 1)

6.1.1.4 Fourth rail systems

In the case of return conductor rail systems (fourth reil), both conductor rails shall be effectively insulated
from earth at & level commensurate with the maimum voltages to pround that can be applied o the mils,

6.1.1.5 Stray current asscssments

When stray current assessments arc io be made over 3 period of time, recopnized method shall be used.
Annex A shows a method of detsrimining the value of cunductance per unit lengch.

MNOTE: Enccessive measarements should use the same method as used for the firss value or the
reference valae.

612 Hetorn eircuit resistance

The longitodinel resistance of the rack remm system shall be low: therefors rails shall be welded or
conmected by rail joint bonds of low resistance such that the overall longitudinal resistance of the rails is not
inereased by more than 5%.

NOTE: The lemgitudinal resistance can be reduced by:
use of running rails with greater square section
eross bending of the running rails and / or the tracks (where signalling considerations allow)
sdditional cables connected in parallel with the tracks (where signalling considerations aliow)
6.2 Other paris of the track system

£.2.1 Mo part of the raction retur circudt shall have direct conductive connections o installitions,
components of structures which are not insulated from earth.

If the connetion with & return circoit is uaavoidable for reasens of protection against elecire shock,
provisions shall be mken to reduce the stray current effects, Thess can be for exanmplhe:

* open traction system earthing. In this case the voltags-limiting device shall conform to the Tequirements
grven in 7.2.6;

- insulation of the equipment or components that are connected o the running rails, relative o foundarions
of components that are sarthed;

- insulation of the strucmure from sarth.

6.2.2  Insulation of the nmming raifs shall be co-ordizared with other provisions 1o ensure that acceszible
voltages due to the traction return currents and touch weltages due to currents under fault conditions do nat
exceed the admissible values given in EN 50022.1,
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623  Statonary and portable electrical installations and equipment which are connected 1o the rerurn
circuit shall net be supplied directly from a pablic low-voltage network of the TH system. (Solutions
see EM 30122-1, 6.2.4.3),

624 The tracks of d.c. traction systems shall not have any direet conductive connection o track sections
of other traction systems,

MOTE: Track sections of other traction dystems can, if necessary, be connected in speciil cases to the
retum eirewit if they fulfil the requirements given in 6.1,

However it certain intarfices, particularly these between ac, and d ¢, tracticn systems, additional provisions
shall be made in order o minimize sy curreat from the common track that forms part of the renien cireus;
Any additional provisiens shall not affect other safery criteria particularly accessible voltage limits, and the
aperation of pawer supply protection, mack cirzoits and communication SYStems,

6235  Rail-to-rail eross bands, track-to-track cross bonds and other bonds which may come in contace wigh
wﬂlsluuheinmlaudfrmurﬂa.l‘hisdmnmtpplynomﬂ tie bars.

626 Where de. traction systems approach buried pipes ar cables, efforts shall be made to ensure thay the
metal parts are kept as far away as practicable 12 aveid stray currents,

MOTE: A minimum distancs of | 1t has besn found to be adequate for this purpose,
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7 Influenced structures
7.1 General

The resistance between conductive structures which are not insulated from eanth and the track return system
shall be high. Especially a direct connection is not allowed exizpt in the case of depots and

workshops(see 7.4). A direct connection 16 earth may also be allowsd in certain industrial systems with &,
traction taking into consideration the particular surrounding conditions.

72 Tuannel structures

T.2.1 I a nnel strocture which incorporates conductive components it may be necessary to muke
provisions 1o limit possible effects of strav eurrents. The requirements for protection against electric shoek
shall be taken tnto account

MOTE 1: The provisiens to reduce the stray curent effects in mnns] siructares with conductive
components can depend on:

- whether the predominant source of the stryy current is internal or extesnal to the mummel;

- whether the mam priority is to protect the tunnel metallic structures, o 1o protect ather metallic
structures external 1o the tunmel and the roilway.

722 Atthe end of annels whers the tracks outside the usne] ars bedded i 3 closed formation and when
they are not insulated from earth, there shall be installed insulated rail joines in each runhing rail. The
insulaced rail joints shall be run open to reduce stray current both ingo and within the mnnel, In this cass a
separate tunnel traction power supply is necessary and the overhead contact line of the tunmel shall be
slectrically segregated from that sutside the mmnel,

723 Inthe case of mnnels with reinforced concrete structures or other conductive structures it is possible
that stray currents can flow into such strocteres and fiom there couse influences to other conductive
structures outside the manel. In this case the effect of such infleence shall be reduced by means af
equipaiential bonding in the lower part of the individual tunnel sections or other conductive structures. For
this purpose a sufficient aumiber of reinforcing bars, mats connected togethes, other conductive structural
parts and if necessary, additonal conductors of ApProgriale erass section laid within the minnel shal] be
used.

MOTE 1: As a direct measurement of stray curreats is irpractical, the patsntial of the strucmares BEainst
earth it taken for the assessment. Experience has shown that there is no cause for concemn, if the
average value of the potential shift in the boor of highest raffic does not exceed +100 mVv.

In erder to avoid inadmissible stray current effectc at the tunnel structure and at strucoures gutside of
the manel, the longituding] voltage between any teo poins of the mnnel structure should be caleulaed.
As an example for caleulation see Annex C. This is & conservative procedure which ensures that the
actual valees for the tunnel potential against earth will ke lower,

NOTE 2: Individual mnmel ssctions in particular cases may be excepted from the equipoiential bonding
of the rest of the mnnel. The equipotsntial bonding of the other wagel sections iy be achieved by
means of an insulated cable extending over the segregared mnnel section,

NOTE 3. For stray eurrent purposes oaly. it is possible w achieve adequare electrical conductiviry of
rebars by means of conventional stesl wire wrappng,

T.24  Inareas where the influence of tiray currents on struetures cutside the tunnel is not significant and
when 3 sufficiently high value of rail 1o earth resistance cannot be achieved (due 1o huenidity or ballast
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which is not sufficiently clean) the main consideration shall be the comosion of the unnel metallic
struchures.

Reinforeed concrate tunnel structures shall be divided into lengitudinal sections by insulated joints in the
case where steay currents from other adjacent systems can flow slong the tunnel structure, thos CEUSing an
undesirable electrical connection beoween diffsrent and very distant city arsas.

NOTE: If the resistance between these structures and carth &5 relatively high, for exampie in rock
tunnels, the reinforced conerete umnel structures may also be divided into longimdinal sections by
insulated joints,

1 ehere 15 any risk of an inadmissible voltage between simultaneously accessible parts, refer to EN 5001232-1.

At ring joints between sach section terminals shall be provided for tes: purposes, A reliable slectrical
connection shall be made berwesn these rerminals and the longitudinal reinforcing bars.

NOTE: Normally, no connection will be made betwoen the terminals of adjacent sections.

725 The meinforcement of seel-reinforced conerele tunnels and wnnel components in iron matedals
shall not have any conductive eonnection to pipes and cables located outside the tunnel or 1o the remum
circuit of 1o any adfacent systems which are not insulated from earth. Connections of the tumnel
reinfofcement to its own earth Jeads in order to satisfy eanthing requirements for protective provisions is
permissih}

T26 Ifthe voltage-limniting devices between ‘he return cirouit and the metallic components of the mnne]
structure are provided as a proteetive provision in prevent inadmissible voltages in accordance with
EM 50122-1, the following conditions shal] he sutisfied;

IF the voltage-limiting device has operated, either it shall automatically reset after a maxivom of 105 or, if
il 15 not resel, a procedure shall be established to note and rectify the esuse of such event rapidly.

The voltage-limiting device shall be designed to operate snder the highest envisaged value of current under
fault conditions. Once elosed, it shall not open unil this current has raduced toa safie value (lower than the
rated breaking eurrent of the device),

T27  Intunnel structures which have conductive connections to adjacens buildings {e.g. raiiway srations,
shops) consideration shall be given to memitor the potential of the rack refum system of the d.c. raetion
system g0 that appearance of low-resistance conductive connections betwesn the eI Circuit and the
structure can be detected, Such connections shall be removed without delay.

7.3 Bridges, viaducts and reinforeed rrackbed

For such strucnares the same principles shall be applied 55 for mennels,

7.4 Depots and workshops

if in deviation from the general statement in 7.1 adirect connection berween the conductive structurs ond
the return cireuit is appropriate provisions shall be taken as follows:

The running rails in depots ar workshops shall be separated from the main line by insulated rail jaints and
the traction power shall be supplied by separate rectifiers or other means (see EN 012217,
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7.5 Cahles, pipework and power supply from oulside

At the entrance of reinforced conerete or mesallic reilwiy structures (such as viaducts, depots and
workshops), all metallic pipework, hydravlic lines, cable sheaths [either power or telecommunication
cables) and connections to earth (e. 2. for protactive purpeses) coming from outside shall be separated
electrically from strucare in arder to avoid any corductive connection between structure earth and sxtamal
earth electrodes. Meal pipework inside the mnnel s1all not barpass insulated ring joins,

NOTE 1: This may be achicved by:
- fitting of insulation pars in the pipes or alternatively complete insulation from the struemire sarth

- hm:ﬂaﬂmufmfmwiﬂu:pmmﬂnﬁnp or by the use of the TT or IT systems in
sccordance with EM 50122-1.

Nmtwhmmmmfmmmuﬂum.nmmiuﬂ of metal pipe may be conmectad 1o the
metallic struchine.
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% Protection methods applied to metallic siructures

The: provisions in this standard are intended to reduce stray curvents and their carrosive effects,
Conventional proteciion methods against natural cormosion cin he used if they are considered 1o be
necessary, I additional protection methods are taken in account, the averal] protection concept shall be
agresd with affected partics and comply with the refevans standards COMCEming comosion protection,
Examples for protection methods for offended stroctures are given in Annex B,

NOTE: Non-polarized {direct) drainage sysiems should not be connected to the raction svatem,
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Anmex A (informative)

Meumsurement of the conductance per unit length of the running rails

Al General

The measurement of the rail resistance is nmecessary (3 get the relation berween the rail current and the
resulting voltage for the subsequen: determination of the conductance per unit length,

NOTE: The measuring d.c. current [ is penodically to be switched on and of7 in order o check other
effects during the off-period. The resulting voltage is called:

AU=U,-U,

Variation of reading values should be taben into account by severzl measurements, Significant
differences resulting from changed polarity of the measuring circuit should be investigated.
The methad is valid only if these measumments are pesformed witheo! any traction current.
Whese this is not practical, the measurements shonld be mads at the same time in onder to
eliminate the effect of currents nther thas the measuring current.

The measuring points at the ranning rails should be at least 1 m away from the injection points,

A.2 Measurement of the rail resistance
Faor the measurement of the rail resistance the method shown in Figure A.] is recommended,

The longitudinal voltage drop U, and U/, is measured for each of the two adiacen: sections of rail. The
resistance of rail 1 and rail 2 is caleulated according v the equations in Figure 4.1 |,

The measurement postulates that no mil-torail crosshonds or track-to-track crassbonds are connected
within the measuring area.
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Where:

Bywa  isthe longitadinal resistance of & mil seetion of 10 of ril 1 in Othros; rail 2 accordingly
I is the injected current, in Amperes
Uew  isthe voltage drop in the rail 1 in Vols, with and withoat injected eurrent; rail 2 accordingly

Figure A.1: Measurement of the rail resistance for a rail of 10 m length

A3 Determination of the conductance per unit length between running rails and tunnel

A special measering arrangement and measuring sequence allows the measurement of the conduciance per
unit length without the need of insulared rail joints. The conductance per unit length &°, s o be measured
in accordance with Figure A2, The same method can be applied for viaducts and for reinforced wackbed,

The measuring de. current § , injected batween the rails and the structure, is pericdically swinched on and
off. The values necessary to determine ' In equation fig. A 2 will be measursd, Especially the currents 7,
and J,,, can be guined with help of the procedure described in 4.2 and shown in Figune A1

[t sheuld be sure that no accidental confection and no voltage-limiting devies berwesn the runoing raifs and
the rnnel structure can influsnce the MEASOIEMERnS,

Insulated rail joints should separate wracks in open air, which may adjein to wnnel seetions in order to
exclude effects from ouside.

Practical experience shows that the length L of a measuring section should not srceed 4 km,
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Whers:
Car is the comductance per unit length between rails and hmnel, in Siemens per kilometze
I 13 the imjected currznt, In Amperes
L - is the current flowing beyond the ends A, B of the measured sestion, in Amperes
. is the voltage between the rail and the tunnel at the point of injection, in Volts

U
s Uiy 15 the voltage between the rail and the tmnel at the ends &, B of the tennel section, in Valts
L it the length of the section w be measured, m kilometres

Figure A2: Measuring arrangement for the conductance per unit length G, between rails and tunnel
A4 Determination of the conductance per unit length for track sections in open air

The track section to be examined is separated from the continuing lines by insulared rail joint. The length
of the track section to be cxamined shoald aot excesd 2 km.

The conductance per enit length of the séparated treck section is determined in accordance with the method
shown in Figure A.3. A measuring d.c. cuerent [ is injected into the rails at both sides of the nsulated rail
Joints. The current should be periodically swiiched onand off. The injected current flows from the mils of
the track section to be examined into the earth and from thers into the rils of the conpested track s=ction.
The volage berween rail and earmh U, and the injected current [ is decisive for the determination of the
conductance per unit length. The voltage should be messured using an unpolarized copperfcopper sulphate
electrode (CutCuS0 -electrode) as earth electrode, Thes electrode is 10 be placed in the tmck s=ction o be
reasured. at least 30 m away from the injection point {(insulated rail joint) and at least 20 m away from the
track.
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Where
Ghe is the conductance per unit length berween wrack and earth in Siemens per kilometre
I is the injected current, in Amperes
U is the voltage between the rail and eanh, in Vahs

]

i5 the length of the section to be measwed, in kilometres

Figure A3: Determination of the conduciance per unit length &, for track sections in open air
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Annex B {informative)
Examples for protection methods applied to metallic stoctores
Bl General

This Annex provides examples for protection methods. For further information refer also 1o standard
EN 50163%

B.2 Polarized electric drainage

If the focation of the offending strucmure peremits, the potential of the nnning rails being sufficiently and
continucusly mainly negative, it is possible 1o bring stray currents back 1o their intended circuit (irack remum
system). The "polarized electric drainage” is obtained by means of diodes or relays, which lets the current
flow in ome direction only. An example is given in figure E. 0.

NOTE I: Drainage can provide linear or voltage dependent resistance, adjustable in certain cases, in
order to limit the intensity of the current at the soarce of the influencs

NOTE 2: The connection of any structure to the segative bushar in a substation even via & polarized
electric drainage device will increase the overall stray current. Therefore the connection of amy
conductive stracture to the negative bushar should be made only with due consideration given to the
overall effiect on other structures which may be influenced. This is generally applicable only when the
structure to be protected is femote from other strucmres.

o
Figure B.1: Polarized electric drainage
B3 Forced drainage
Ini certain very exceptional cases it is possible to use a forced drainage method. This is an impressed

Current system, where the renning rails are the anode, The use of this method reguires the limitation of
the drainage current, especially in densely populated areas. An example s given in figure B 2.

“Vin preparaticn
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Frotectad
struciure

Figure B.2: Forced drainage

B4 Impressed current cathodic protection

A syseem in which the impressed camrent i caused to flow from the impressed cumrent anode 1o the
protected structure via earth. An example is given in figure B3,

Protected Impressed
siruchure Current Ancde

Figure B.3: Impresed current cathodic protection
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Annex C {informarive)

Estimation of the longitudinal voltage In reinforced concrete railway structures

The longitdinal voltage drop in reinforced structurs: of unnels, viaduets and reinforced trackbeds can be
uged fior the assessmem of stray current effects.

If the lemgitudinal voltage drop is less than 0.1 V, the conditions according 16 7.2.3 are matched.

The longitudinal voltage drop in reinforced railway sructures, cansed by train operation, depends en the
following affecting parameters:

= length of the considered line section

- length of the adjacent line sections

— conductance per unit length betwesn the mnning rails and the structure

= condustance per unit length between the structre and sanh

= longimdinal registance of the mnning rails

- longinudinal resistance of the imerconnected strucare

— maction return current of the considered line section

— waction return currents of adjaceot lines

For the calculation of the longinudinal voltage drop O of the interconnected structure for one line section

equation (1} can be used.
NOTE: The cabeulation method in equation (1) i5 very conservaive. The formula assumes 3 infimicely
Iong tunnel on each site of the considered section. Furthermore it dossn't ke ino aceoant the reducing
effects of the train movemant in adjacent sections and the conducrance per unit length of the unnel

stracrure versus earth. The caloulated values can be much higher than in reality,

If the result of the calculation is higher than 0,1 V, 2 siore detailed calculation method should be used,
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Whers:
LYy 15 the longitudimal voltage in reinferced radlway stucture, in Vielts
Gyr I8 the conductance per unit length, in Siemens per kilomesre

! is the averape value of the rraction retum current of the considered saction in the hour of the
kighest load, in Amperes

L i5 the length of the considersd line section, in kilometres
Ly s the characteristic length of the svstem running rails‘structure, in kilometres
Ry isthe resistanee of the running rails per unit length, in Ohms per kilometre

/% is the resistance of the interconnecied structure per unit length, in Ohms per kilometrs
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1. Introduction

The purpose of this document is to describe in more detail the Stray Current

Monitoring Device (SITRAS®SMS) which will be used to monitor the efficient
insulation of the running rails (DC negative pole) from structure earth. It is mandatory
to ensure a proper insulation in order to prevent substantial corrosion damage to the
steel reinforced tunnel structure. Prolonged connection of running rail and earth is not
permissible. Accidental or intended connections between the two systems can be

identified by the SITRAS SMS device, so that proper rectification measures (e.g., by
trackwork maintenance) can be directed to the correct locations.

The central stray current monitoring device collects the measured potentials from the
short circuiting devices, which are located in the passenger stations. It compares the
average positive potentials with reference values taken from the properly insulated
system and stored in the monitoring device. In case of discrepancies between stored
and measured values, the system generates a fault analysis report.

Please refer to Design Submission PSY/0014.B, section 6, for a description of the
methodology and principles of the device. The figure below is taken from this
submission.

“““““““““““““““““““““““““ ™ Stray

B = e -+ Current
——————————— -»{ Monitoring
_____ » Device

i P 1= Running Rails
=d" | —4 & o a Short Circuiting Devices
~ =]
J_ Structure Earth

Figure 1: Principle of stray current monitoring

2. Scope

®,
The SITRAS SMS device consists of a standard industry Personal Computer (PC)
running WinCC controller software, which is installed in a 600 mm wide rack together
with a customized interfacing controller (based in standard industry SIIMATIC ~ S7).
The PC is equipped which large hard disks, CD-writer, printer and backup UPS
system.

The SITRAS®SMS device connects to the OTN node in the main workshop building
through RS-422 interface cables. The device shall be placed inside this room.
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3. Design
3.1. Principle

For a description of the SITRAS®SMS device, please refer to enclosed product
bulletin (Attachment 2).

3.2. Architecture and Data Exchange

Please refer to Attachment 1 for an overview diagram of the system.

Each passenger station is equipped with a SCD (short-circuiting device) that records
a measurement reading between the rails (negative return) and the earth (structure
earth). This value will sent via 4...20 mA current loop to two RTU devices within the
respective stations.

This signal and other signals will sent to control station to the SCADA system via
OTN (Open transport network) with superposed IEC 60870-5-101 protocol.

The existing COM/SCADA system duplicates all data, which were sent by the RTU 2
in each station from communication network (CN) node in the OCC to the CN-node
located in the COM Room in the Main Workshop Building (see picture “Overview

structure” line labeled “mirror”). The SITRAS SMS device makes use of this
duplication of the process image as derived from the individual RTU 2's.

The customized control system (based on SIMATIC S7-400) that is part of the

SITRAS SMS device will establish connections to each station over this CN-node.
One communication channel (RS 422) is assigned for each of the 19 SCD devices in
the system. Because the connections are realized with transparent point-to-point
architecture, it is necessary to install one RS 422 -- cable for each station.

The communication is inherently unidirectional: the SITRAS®SMS device can only
“listen” to the data on the OTN, not influence or actuate in any way by design. A filter
discards all telegrams non related to the data generated by the SCDs, and ensures
that only rail voltage data will be further processed. Only this data will be transferred
via PROFIBUS-DP to the PC.

The SITRAS®SMS MS device comes with a telephone line modem. It is

recommended to make provisions for connection to the telephone network, for
purposes of remote diagnosis, troubleshooting or user guidance. During normal
operation, the modem connection is not essential and can be unplugged or disabled.
Even in connected state, it is definitely impossible to control or supervise any portion
of the underground system through this modem connection.
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3.3. Operation

Operating the S(TRAS®SMS device is described in detail in the enclosed product

bulletin (Attachment 3).

The system complies with all contractual requirements for recording and analysis of
stray current phenomena. For instance, it provides several “baseline measurements”,
which can be saved during different scenarios (e.g., peak rush hour, off-peak
operation, nightly break), and can be used to compare these baselines against the

continuous monitoring of the actual situation along the line.

The software uses expert system techniques to analyze the data and identify

abnormal situations, and suggest suspected location of the poor rail insulation.

4. Drawing List

Item | Supplier's Drawing Number Manufacturer | Description

1 |Walther/TS EL EN2/02.06.04 Siemens Overview structure SITRAS® SMS @
MRTA (1 sheet)

& A52811-E2740-D0001-01-76B1 Siemens SITRAS® SMS Product Information
(4 sheets)

3 A52811-C2740-D00C1-01-7619 Siemens SITRAS™ SMS Operating Instructions

(54 sheets}
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SITRAS® SMS
Stray-current Monitoring System for DC Traction Power Supplies

The SITRAS SMS stray-current monitoring system is used to monitor the track
potential of DC railway networks.

This system permits evaluation of the stray-current conditions of the track and the
early detection of insulation deficiencies, thus enabling measures to be taken to
prevent damage due to stray-curreni corrosion.

Features

« Continuous monitoring of track potentials during operation

- Automatic location of insulation deficiencies

- Representation, archiving and analysis of track potentials in a central evaluation
unit

. Transmission of measured values via the communication network, existing
networks can be used

- No interference with stray-current conditions because SITRAS SMS is based on
potential measurement

Data acquisition

Via communication network and SIMATIC NET® interfzce moedule

Maximum number of measuring points 60

wn

Maximum number of lines
Representation and aichiving
Instantaneous values represented as a time characteristic

Snort-term and long-term values:
Average values | Averages of the absolute value time characteristic

characteristic along the line
Dialog languages* English!German

Analysis of track potentials (location of insulation deficiencies)

Reference value recording during operation
Automatic analysis during operation
*achet language: on request
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Design
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The SITRAS SMS stray-current monitoring system consists of the following main
components:

« Measuring sensors along the track (located about every 1 to 3 km)

» Communication network

« Central evaluation unit (PC with communication interface and SIMATIC® WinCC®
software), such as

located in the operations control centre.

SITRAS SMS collects information about the voltages between return line L- and
earth (structure earth) at several measuring points along the tracks to be monitored
during railway operations.

The measured values are represented and evaluated in order to locate any insulation
deficiencies.

The measured values are transmitted from the sensors to the central evaluation unit
via a communication network, by SCADA for example. Existing networks can be
used.

Functions
The central evaluation unit with the basic software SIMATIC WiInCC performs the
following functions:

- Data acquisition

« Archiving with multi-level data compression

« Representation of the track potentials at all measuring points

— Instantaneous values as a time characteristic

— Average values and averages of the absolute value as short-term and long-term
averages

— Representation of average values as a time characteristic or at a line location

» Location of insulation deficiencies

— Reference value recording

— Automatic analysis
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To locate insulation deficiencies, SITRAS SMS compares the current measured
values with previously recorded reference values (‘fingerprint’). If the track potentials
exceed the tolerance range with respect to certain criteria, a message will be
generated. The location of the suspected insulation deficiencies can be pinpointed by
means of integrated analysis functions.
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Data acquisition

Communication aroteces*

Representation and archiving

Archiving of instantanesus values

Short-term values:

Widih of average value window

Archiving of average vaiues | Average: of the abiolute value
Long-term values:

Width of average value window

Archiving of average vaiues { Averages of the abzclute value

Analysis of track p Jal

Width of average value window
Daily recorging period

Maximum number of reference vaue recoros

TEITLN0ID0ET 07 I

Industrial Etvenes, TCFIIP, MP1, PROFIBUS D2 ! FMS ¢ 57

last 10 days

1...60 minues

last 500 days

1.7 days
virwally unlimitad (only limitec by size of hard disc}

1...60 minutes
parameterizable

16
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Overview structure SITRAS SMS@MRTA
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