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ABSTRACT

This thesispresents the concept of Lead-acid battery monitoring
system in a power substation. The purpose of -this thesis is to identify the
performance of Lead-acid battery in a power substation. Since Lead-acid battery in
substation is used to reserve the energy for DC supply for the emergency cases, the
batteries have to be efficient and available at-all time. In case of the protection
system failure, the batteries are unavailable: these could lead to the enormous
impact such as the substation explosion. The keys of battery monitoring system are
the equivalent circuit representing battery characteristics. The traveling wave theory
can be utilized for .indicating tendency of weak “or abnormal 'battery. The
measurement method and tested circuit for getting battery’s parameters is proposed
by charging the battery to measure the current, voltage, and impedances. The
proposed equivalent circuit is validated in time domain. Then, the abnormal battery
indicative method is proposed by applying the traveling wave to find the difference,
and the data reporting will be based on IEC61850. Moreover, the knowledge from
this thesis can be used to develop and apply in a function of battery charger which

is used in a power substation and can be applied in the future.
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= 2 adda @ v Ay v [ ! 2 o
ngamszituisnAunasuliunwuamesliilaelidimasenignisldsuveanunned
) < o va o ' o ¢ 4:&1 i
nsdauszquuunszualiihasgieulddiunisdesynsufuveuvaduunnediliauna
migaUsyguuunszualnihasitudunisdauszqivihnissnunseduvesnsrualniiadiads
a a qé < é’ ! ar - og <
nazudliiinguiiufina (Overcharge) wingmumgifiintu Ausedulnieziududioning
luuummeigaiunarargaiuagnmainiiowumaeidhgannznssualiiguduicn dady
lumsdauszquuunsgialiihaanisiesdinismuguassnusyansdifnnssualningaiu
Win Msdensyivrenszualwihdayssgiuunrsedulenddgannmssasdealud
91gn1liu Fuwummeiusazyiafiaziidadirdavesnszualiiingeanililunissayszqo
Q‘J vV o= v ot L d <4
lnemlumaguanazdiosuennssualnfilunissnuseagegalitielslunisesnuuundeiden

nszudlivhidnysgy nasldauaduludasiiauunseuadnlss yseduidaanasiuy

w i
ar ar =

nsvudlWiagnussquateszdy luwvunaessduliuduusniaySausygiissiugs (High

s

o w " ' o [ °
Charge) 3adaUszasEaunany (Medium Charge) fiau ilouumaaslndazifin fiagvinnts

e, v o

LUﬁaunisLLE%'L‘Nﬁ']a"ﬂﬂizqmuuuué’ﬂﬂﬁzqszmum (Low Charge)
2.5 msldamuumnedlvimansay

1. n13daenszualuda (Discharge) mwﬁmé’aamiahﬂﬂ'izualﬂﬁwquﬁu
fifn nsldnuiuiinveuainesisydwmayldeigveuusnineiauas sastunisli
wunwma3TenTsialviIysanas 70-80% TRIAIUUUALAET LBU UUALADT 24 V masiing
dinnsdenszualvifiaiiussiuluilaszana 20.4 v deuszuans 85% YBIANUUUALADT
Imammmmsﬂun'n“ahﬂﬂisualﬂﬁﬂﬁuagjﬁ’uan”m'uamumLma? U LuAADITILKILAL
azomvzdinnuaunsalumsitenssualviilan

2. M3AUsERUeLUALABSS (Normal Charge) mIszisliligaumgives
Suinnsladguiu 50°C wiaiufidnvesiauunme’ dmingumgiiguiuly aavan
ﬂixLLﬁlwﬁ'l'lumsé’mﬂixqtﬁaﬂmﬁuluTﬁqquﬁwaq'uaaﬁl,ﬁn‘[m‘laﬁqﬁ?u LaABInTIAADY
biwilailumssefudauummeiseuiunssiv retagnies szdmUsqlnivhuneanie
viuldnmszaailiAnussnmelndsndusunsesetade

3. n1s9aUszgliuuunsedu (Equalizing Charge) liun1sdnuszadae

= a4 o s d o H'J A o o s
nszualWihgaiuiiie dmiuuunmeivilanzMnsaiefdanisasauvasasdama (SO,)
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vulHumgUsz Juinanujisendadu (Sulfation) wieduinanujisenaiinliauysal
< = W v o L
VDILUALAD S mmmsamﬂisq‘lwuwniza}u (Equalizing Charge) vn 6 WhaunIanasain 20
o a 4 a a v =
AT soalsraiuusRuinilinuwadneluuummeiussanm 10%
= v o v Y - Y o

4. werguvaniasansliuunmeimumuaudressauszqlniietesiulaly
a w ) 4 o v o o o
iagnsInsAeUsElusngadasiliuunneiidems,

@ o 48 1 3 o = a
5. lumsiuinwanwuummeitulimaiiului 9 gumgiiguiuly s

o

ﬂ. C"‘ 1 aaa = 1 ld h ﬂy al 1 @ aa
guufiingeduasissjisenaiinelulilessusundouinlanniu darwlhdaufizemn

Tuuazdanaliiergvesuumnaiduas

‘:‘ l=|l ar 1 LS
AT 2.1 TWINAIWVBUUAKRDT (Ampere Hour) NUAIAUATUMILN 18 Y

Battery Capacity Conductance Impedance Resistance
(AR) @ 2) (R)
wuats3 ARy o N o
wRme3TvLAATINRINN & i i

=
2.6 WINTFIUNTNAFIUANNULUALADS
Q2 a A s
'luu'w;'sgﬁua'm-mm'imnaauuumﬁai (Std IEEE1188-2005) uananNn1sin
wseiulwi assualwiuasgangiindrdaimunlinismadeudiaiudmumiunigly
[ ot & a v o w
(Internal Ohmic Measurement) ?JENu:umLmasmLfluwmauumig'uuwmaqmmimamm
0‘; A:f 1 1 v A ) aH‘ - A 1
MilwszMAmAumMumuMglurewumessiuaitaninsan e lueewuanes iy
[ o a a « d 1 A
anmvauiusn AnudrliA1vesdldninsladuazanmnns@etsenisluresuunines
o 1% v o P | [} ¥ dat & o S
Wuau aadunisasuldasvesArnaiuaumunitslusetuunnessadumdsaianisg
P - | 2 1 o 4 ¥
wWasuwlas (nsdeuasvasuumeas) 19 n1svndauaAImua umun1e lurewunnas iy
auTONAFD UM NN (Std IEEE1188-2005) laduuniTnisnaaauainnudiuniu
aelu wisesniu 3 55 Ae
1. MyInABuNuAuY (Impedance ; Z ; fivaewdu Ohms, Q)
2. nMsdafmpusnuaug (Conductance ; G ; finuieidu Siemens, S)
3. M3InATTaUUT (Resistance ; R ; Siviaediu Ohms, Q)
1 v v v 1 2 ar d
PNNVAFDUAIAUAUNIUN8 Y mmsagLLmTu:Jﬂ'mmqﬂuamumma%‘lmmmmw 24
a4 a ) ' ld a - =
INNIATFIUNMIATIVABULUALADITLAAZAINTA WUTLUALADITIARN T HoNaN W 2zilvun

ALY (Ampere Hour : Ah) anasAiimaausdnuaud (G) s uailAduiiuaud (2) uazA13da
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4 4 a PV o v o -1 ;
uaud (R) ge Fudlafindgmidindrindndudenimsnssfuiiuganmeesuunnedlasnis
@ 2 o =J o ° 1 o 1 q' ﬂ” o 1 a
ﬂﬂﬂi%?ﬂ?ﬂﬂﬁ‘ﬁﬂ?’]&lﬂ L"WEm'ﬂ-‘lﬁﬂ']ﬂ')'lll"q‘llaxiLLUW.NG'S!?IFHLWSJ‘UU LLﬁﬂﬂaUQHﬂ'l'Jﬁﬂ'ﬂﬂJﬂﬂﬂﬁ]

= Y - 1 = ° od
Jadunisdugansvuiunisnsefuilunanimuessuumnes au1satiuuanes iy

nszuaumsilnaulUldaulaedredivszansam

2.7 2UUIANISHUALADS (Battery Management System : BMS)

Tutlagtuszuudnnisuusined (Battery Management System : BMS) fs3U
i 2.10 aunsamunumstavszeldlaglumsmuau iesdesiuouauasineniwuesi
wuAmeIFaY q %‘aLLUﬂLﬂa%iuﬁiaz'uﬁﬂﬁgﬂu;uuuazﬁﬂwm:ﬂ'ﬁé’mﬂizﬁgﬁnmnshaﬁ’u‘lﬂ iy
m‘:ﬁﬂﬁm%‘aa'é’mUi:qmmmﬁ%saﬁuﬁﬂwmsmsé’ﬂﬂsswaauumt.ma?lﬁvln'uﬁmu?wﬂu
Besddy Feannsnilflagnismnuntennadunisdoarsviedisenitlusinaoa
(Protocol) 5gnd9 m‘%'m'é’mﬂ'izqﬁ'uu‘umma‘%‘lﬁ%‘lﬂmummgwmﬁmr'fu

Ingluslapeaszitiudauiiniuguindasdnussgieliannsasaussgluds
wuminedusazeilnlfotamnya sansnmuasiimunindede seiuumaeiusay
viladlquantRidaussiuliiazifngamgiiuanseiuly madausssulafiuiunie
gamginguiuluusasinssmisygezdualissansnmusiuuninaianas wazasyili
mIsTendurestummeItiiulnananasamluite dnfuissmsasnsudmisiines
i 9 Ly Aussdulnihuargamglivesuunneinaenszesinantssausealngisansa
nsIvADUNAZLanINaRRAlAYSEULTAN IS LUALAGS (Battery Monitoring System : BMS) Faly
UagtiuaunsagAmisafinedshs q lounaneg mszasiu ssuudnnisuvained (Battery
Monitoring System : BMS) ﬁuflum?aaﬁaﬁlﬁ‘lumwi"maa'uF}mmw‘umuumma‘%’ lnoay
ATNEABUAMISITADTAN 4 TetuuRines vz W AWM TIReSTLAIA LI wag
uamanarumeiee LCD ainsalideyauuy Gealml (szuuiansy) faaslinuaudily
nMskanawauazudaufioulvsl ssuuianisuunines (Battery Management System : BMS)
FaiisihmsYauazuanwanan q fisastelud
- ANINTITABY TTUU BMS 95yhimsasiadeumantuying q vesuumaeiluvariy wu

- Ausasulwi (Voltage) : wsaulwihsy, usesiulwihluudazigad

- fgaumil (Temperature) : gaumpfitade, aaumgifluusazivad

- anuzlun1sdauszueanumae’ (State of Charge: SOC)

- AaEnTRINISMEUTEYURIUAREI UM TS AT URAES iy

usiazAsa (Depth of Discharge : DOD)
- nszudlih (Current): ianszudlwihildnguunmeduaveenanuunaed
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- Anszualwigegalunisdnuseq (Charge Current Limit: CCL)

- nszualwirgsgalunisaeyszq (Discharge Current Limit : DCL)

maim circuit voltaget sensor
i/ Battery box outside temperature

I
1 Battery box coolant inket temperature
| Battery box coolant outhet temperature

- messsasel \

& -
Charging Internal power
System supphy module

1

: Digital core
I
/

Cooling control
Heating control

Ralanced ocll sebect
Active/passive halancing

Rattery box cover state switch
Main circuit positive contactor
Rattery module contactor
Main circuit negative contactor
; Main circuit fuse

= e Insudationmescntement, o -
Cabbrution channel
The controller CAN channdl 1
The controller CAN channd 2

———

Start key ONOFF signals
Economy/sport switch
Charging allowhanned switch
Balancing allowhanned switch )

o =y

Ralancing working mdicator
SOH indicstor

Charging indicatoe
(herload ovorvoltage alarm

Failure alarm

<l W @
Ui 2.10 szuvdnmsnuninesluilaqi

o ° v ' T o o a5
- ANTARANTITUU BMS 'ﬂgﬂqﬂqiiqﬂﬁ']Uﬂal‘.}ﬂﬂ'N | N'lu’lﬁﬂ'l'iﬂaﬂ'ﬁmmmu

- miﬁamiu‘uu CAN (Controller Area Network)

- psdeansuuuwaul¥any (Wireless LAN)

s o o a 1 g
- mstlasiuszuu BWS vdasiuuuameslnsaimmdsialuil

- nszualwi

- gungiiiiuniUni (Over-Temperature)

- wsanulwd

NAUNITUAG (Over-Current)

WAunIWnd (Over-Voltage)

- gamiiAnInd (Under-Temperature)

- wsanulw

andng (Under-Voltage)
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2.8 NWATAUYAVDIULUALADIVUAALNINTA

wvsmaliihanaumsmidulisassguuuunmslusummedsinazianse

v =
Tawil R waz RC w1 Aagui

Vocv Vi

o a o )
sun 2.11 NATAUUAVDIUUARAITTUARLNINTA

ANUTAMIAANUEUNUS V995 LA Lae

V (k1) = Vl(k)e"wr1 + lkR1(1-e”M1 ) (2.2)

VK =V +IR +V(K (2.3)
t ocv k 0 1

Usznaumenisadivnes aeme Uil
N = ) ' -
® Voo, 138 Open Circuit Voltage gauasnidasmusn SOC uay gruviai

. . <4 B a o YV o as
® R, Aa Ohmic Resistance 1139 Electrolyte Resistance 1 parameter fvinlimAnusasiu
1 L) ol e =+ [~ a el' P 1 .
anag1viunviule fudunssduiinnaseuseniag reference electrode way working

electrode &1 Ohmic Resistance awduegnuanmmsiliwivesasavaredidninslad

i d‘ = 1 o c} 1 . 1
® R, w38 G WuAuaniwginssuludag transient Faiidn time constant luga4
short-term 1a® R; A® Polarization Resistance W58 Charge transfer Resistance & 4
o4 v oo ] | =g & y a d ¢ v
nNevemnuMImemUsEsewIndaninians 2 dy luasavanedidnlnslad daazaenndes
luguanuiivmnanuas C; Ao Double layer Capacitance dsAaffiutszgilagsywing
ddnnsladiuazdiininin lasavlueyivaanusinedndszvinedadidninem gamailaay

v - & o 5 L3 !* v
diuduveslesauluarsazaedidningladeiaveslesoy wastuveesnles ssasdaenndasly

| o
gUAMNIUIUNAN
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' a d a o
2.8.1 mamAmIniilneivawuanaivilanznania Taananisnauauas
Waaan
' a d a W
nMsmAWITEine fvesuumneIviinasiinse awnsamidlasnisvnasaua
= - ' a < o v oW W
N1IRBUANBITNLIAT WWevanAIslilnesveswuameIesiigrdesnuuseiulniives
< < v < < <
LUALADS NIZUANIIUIVILUAADILAZNTTULANTIERBNIINLUALADT Lavlial lnunanis
=) o ] [ o A e v
mauaumwqnmmmmw'ﬂ.ﬁimawmn'r'saﬂﬂiz111Lummaswsanﬁmaﬂs:quummasn‘lm oy
aa -« =‘ o d v o i 1 o !
on1senUszquuaeIzamIniineasuie lilamauiugwinndnisaeysey
dl lﬁl s a ld‘ U o g
LUALABS LUBI9INAITOATIUANDNTINITIAUTEUUALADS (Crate) wasussdulwirdmsu
@ ay v o o < W g v g
n3onUsEUUANeIla lagyirn1sgadssquuanaTuaznganssauseguuames iy
1 dl o s 4 r 1 1 A o
1181 Wevinisdaassauliiazn szualii Tudaanatdne 9 Wediuan

! a v o i
Awsilmeivasiunnelli fagui 2.12

Comparison between Voltage and Time of 12V battery

12.5

118 3

1.7 * T
1 4 7 10 13 1649 22,25 28 313437 40 43 46-49.52 S5 58, 61 64 6770 73'76 79 82 85 83 91 94 97 100

Time (Second)

d e a 1 s o ar dl
JUR 2.12 nsmluamsauduiusszninuswiulniuasnandmiuwumnes 12v

' 2 = 9] =
Iﬂ YATAIMUATUNIUYDILUALAB TAIU 'ﬁﬂﬂ'ﬂﬁﬂq dunianm 2.4

Vi-V,

J IJ 1 4 1 d vV o !:J
lagFanuginihvesunmeTannsamld Insmaasiiveaanldd aunisit 2.5
T= Rgcl (25)

o o = ) ] o <
‘Nﬂ’lﬂﬁ‘lﬂ‘ﬂadL’Ja”li]’iﬂﬂ'i’lﬂ'ﬁ\‘ll.ﬂuna'l‘uaﬂ V3 YAA1UITONIAN V31€fﬂ\1 AUNTN 2.6
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Vs = [V, - V,) x 0.37] + V, (2.6)

| o P P Y] da i d @ <
lagArpanivesnan awhiunariwssuliiweswumneiieni v, & aunisit 2.7

T=t, (2.7
' o o a d o Y
V; fle Aussiulviihvesuunned o Funiigavinedivinnissauseqlnih
1 s d a o s o s
V, fie Aussdulnivesnunieed WnfusnuasIniinsvgasauseq il
a i Y =i i =
Vs e Ausssulnivesuunne’s o mpsiivedaan

Vs fie Aussiulwihuesuunae’ a uriineuihnissauseqlvii

' a T .y @ o o o
TauAmsfimeslfiieovsvenuwusimeigians fansaTidevaninty ozl
a P 2, o - P E i, a W o 1
Auaulanisdfives Ry Wundn Wiesninmisfives R, Tuiannisiiadamduveusiy
o w al
1579 snandluguin 2.13

i
;f\

HEALTHY LEAD-ACID BATTERY FAILED LEAD-ACID BATTERY
WITH NO SULFATION WITH SULFATION

i o < doyta @ o A a
UR 2.13 guuansnigluvesuwunne’ Tunsaliuunmeiddhiifiamstaumiduiasnsdiiia

ARFLIAIE kY]

= a w o @ ] v oo g w i o 1
Fansiindadurewdutasgiuazsiluaimandniviliuunnedidenanin Weswn
AMsdimes Ry Miiutuasduly deaunisi 2.8

L
RBi=p- 2.8
i (2.8)

a4 a
2.9 AAULAUNTY
4‘ = a Ad 1 4 A
AFU BUB0N ANWITYBINTIYNIUNIUVIUATTURNNTEINY wwasunieanlyly

s s ! = d ar i 1 i as d =) é a ﬂ"
ANWEEVDINTITINIALANATONITLLNDU Lazuna $1Iﬂ’]‘iﬁﬂﬂ'ltlﬂﬂ~1~ﬂu1ﬂﬁ‘lﬂ ARULYINAYILAANTU
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a d d a ) o ' a W Y a
Tufnae @ullefinsusudeugy sgiinuusidangulunisindindu) asidunisuay
1 1 L = o o =t a 1o Ve 4‘ o 1 1
dehunasnunnganisludidngamisludinats lnglivihldiAansiedeusumisegnannns
ot & ada ad 1 U ] = 4 = 1 ar - .
vespyMAmnavIeifeliiindidieeynia usvziinisiadeuiiuniania (Oscillation) U
(Y 1 =3 ° @t 1o ) ] =3 1as =t &
nduvaseynin edlsimudmiu msuifsdnduuiminlniuas nsuiSedusadagaiy
a v | v o W = U | o o 4 a
arursatdunnlugyginiald lnelddesdidinars rauilindeufiifennauis
. | ) a | A4 da < 2 ° T o
(Standing Wave) tiu n1sduvesargliledu diundunilinisiadoudedumiaien Ay

1 L5

\Wun19 (Traveling Wave) 'luuwﬁ'%v.gﬁﬁamiasﬁaunﬁwaeﬁ’mcmzua%‘uﬁgnmwﬂﬂ'lu
zuula 9 Felufitfaedusyuuaneds (Transmission Line)
2.9.1 MmysziauvasRaUAumIg
Tutlagduldiimaduemguijvesrduiumamissgnaldiuszuuasds Tag
deinnsdneestuluaods Amsilinesuaadufiunudiyndnisnsesidnly dyanw
wunsgnasluazgnazfaundun Snaiirduldlunisduniazansatevenldininns

an9snalaluaieds

ko x|
o D)

busbar S é Fy busbar R
ts1 4
: e
ts2 ‘> trs1
Fr1 tr2
|

= b 4 o
31]1’] 2.14 N15AZVOUTDIAAULAUN

s d
VINANNITILYENEN dUN1TN 2.9

s = vt (2.9)
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v d i o = o a o Y a Y
Q%lﬂ??i%ﬂ%ﬂ’]ﬁ%?ﬂﬂﬂﬂﬁ\l ﬂ.luﬂ.lu"lﬂ.lﬂﬁLH]UEN'i‘lﬁ"/lmﬂﬂqiﬂﬂ'l\i"ﬂﬂﬂﬂﬂ']qEN'i]']ﬂ busbar S a4

ﬁl!ﬂ’!iﬁ 2.10

X = v (2.10)

d = s
X, B 5¥8¥NNIN busbar S fegafitian1sanaeas
a4 a o 4 a o d a w

ty A9 LawsnisufirauldlunisiAun1aan busbar S fagafitinnsanieas
t; AB andugaiinduldluniaidun1anin busbar S fegefitian1sdnaees
v fie Anuimesrdiuiunilumeds

J 1 o d' i - LY 2/ - o
WA ITYENINIINYRNMNTYYIUATUINTIRANNANITEN219951A88 1999370 busbar R ¢

AUNTTN 2.6

X v (2.11)

L = d o al

X A8 S88EN1N3IN busbar R (N9AAANTISAANIT
a a d d a < da .

tn A8 wawsnsuneauldlunsAuNeIN busbar R fegafitiensdnaas
A o < 4 P o o a @

t, fio arduganaauldluninfunnegin busbar R Tagafitinnsdnaeas

- < d a ’
VvV A ARULIIYBNAAU mum\ﬂumﬂm

Mnaunstnsiugnnsamaadaeasiaagneddlaain busbar S way busbar R
29.2 quﬁ'wmn5ul,ﬁumm'm‘luawsla'uﬁmﬁ'|aq
ﬂ'nm%waaﬂﬁutﬁumaci’numﬂehﬂssmmha‘]ﬂy’uasﬁuagﬁudwmﬁlﬂﬁLe‘m-
an (Dielectric Constant) %"aLﬁmﬁaqﬁ'uﬂmau%mqlwﬁwaﬁaqﬁgu q Famseit 2.2

A 1 oy = s | ot ! =
mTNdl 2.2 AAsitleBlnvisn lasnaeRsg q Tniduraziin

Time Speed of
Dielectric Velocity
Dielectric Material Delay Light
Constant Factor
(ns/m) (m/s)
Tndlediau (PE) 2.3 5.05 0.66
WuTwaefidu (FE) 1.3-16 4.17 0.80 3 x 108

winaau (PTFE) 2.07 377-397 0.84-0.88
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° s o ' a1 .
IﬂEJazmmsnmmmLL'NﬂmawmmmL%'mauiuawawummd=] (Velocity Factor, VF) 210

1 £y - Vo Cﬂ.
AmaiiladLEnv3nlame aunisi 2.12

1
VF = — (2.12)
Ve
P

VF Aa wlAmasuasnuisinauy
€ fo ﬂ"]ﬁd‘?ﬁﬂﬁLﬁnvﬁn (Dielectric Constant)
=2 ¢ < - | & fd ¢ a v < @
FanunAwasuasnuSvesrduluaedsduefigudiisunuainnuSuaess
aunsn 2.13

v=VFxc (2.13)

- =3 < 1
v fs auaanauluanees
2 ¢ s
VF A9 WNAMBI189AUITIARY
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Zy= —+—— (2.14)
2 Z, + (?)
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andudinne slufl SMNP Manager molushiidefiveiinfleius i

Generic
Object Generic
Sampled Oriented Core Substation
Values Substation Time ACSI Status
(Multicast)  Event Sync Services Event
il - r R e e e s n s s s m—— - —— [ttt bl LT
sv GQOSE TimeSync MMS Protacol Suite GSSE
iSNTP)
Typa4) (Type 1.1A) Tyoe &) Type2 3. 5 (Type 1, 1A)
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: ' : .:
: i1 uppiep TCPIP IS0.CO GSSE
T-Profile T-Profile T-Profile
! T I
ISO/EC 8802-2 LLC

ISQHEC 8802-3 Ethertype
ISO/EG 88023
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GOOSE lngl4lasfiie$ NDIS (Network Driver Interface Specification) n1514lasiies
NDIS fignuszandifiodndulusianea TCP/P aon vanuiinisifumngiay MAC salualng
UUUUANS uaziglasiiaes NDIS vidl IMNS Agent @unsadsmsuidaieuseiays



45

GOOSE Tud IED nasntiufliawmdudswinesvesssuvanilliingdsesnlusiavinnisienis

L |

WAAFBUIIN IED MAINANMELLAYY MMS (Manufacturing Message Specification) 8n#i
uils Jawaies MMS Wudnnalnnisaedoyauas IEC61850 Asilennueanisldiuaisa GOOSE
file n1sWaIua INMS Agent IWaursaay dyun1¥1 SCL (Substation Configuration
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fameluil
<Substation Ref=""> Described is a
<VoltageLevel Ref="E1"> substation with
<Bay Ref="Q1">
ﬁBfunction Ref=""> : q the bay E1Q11,
<Device Ref="QA1" Type="cBR'> 1 e Circuit
<Connection NodeRef="L1"/> breaker QA1
<LNode Ref="1" and the Isolator
LNClass="CSHI"/> . QBA1, both
</Device> electrical
<Device Ref="QB1" Type="DIS"> “connected in
<Connection NodeRef="L1“/> ; COnnecuon
FIeRA el | Node L1.
JINCIms sRPUSHELA \ The Controller is
{ </Device> 2
LE </Bfunction> represented by -
j </Bay> LN CSWI
| | '</VoltagelLevel> : controls both
| </substation> , Switches.
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faanduidmines uas [ED ATU9LLALYY GOOSE 910 INMS Agent
- M531889978 IED
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IED flatfuayuniuw SCL uwhnisusdtadayali 1ED ansmilafidasiudoyasn INMS
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384 2007-02-13 21:16:04.379569 00:80:82:59:16:58

Source Destnaton

01:0¢:cd:01:00:02

B IEC 61850 GOOSE
AppID*: 0
POU Length*: 160
Reservedl¥: 0x0000
rReserved2¥: 0Ox0000

1EC GOOSE
{

StateNumber~:

Sequence Number: . 0
Tesxv: FALSE

config revision*: N
Meed: Commizcioning«:

Dara

{
DOOLEAN: FALZE
DOOLEANT  TRUE
BITSTRING:

BITSTRING:

. 0000 0000 0001 - 1D: 1
Typa: IEC 61850/GOOSE (0Ox88b8)

Number. Pataset Entries:

BITS 0000 - Q015¢
BITS 0000 - OC15:

control Block reference®: RECE70_T2LDO/LLNOSGOSNewGSECONTrol

Time Allowed to Live (msecd: 11000

Datasetreferance®: RECH70_T2LD0/LLNOSGCOSE-2

GOOSETIOY RECGTO_T?L 0O LL NOSGOSNPGSECenTra ]

Event Timeszamp: 2006-11-12 04:47.36, 327000 Timequality: 6a
o

FALSE
4

Q000000000000
00000 CO00000 0
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Discover:

2VRE-800TG

49

Innovative Battery Solutions DATASHEET
Tubular Gel OPzV Cell BENEFITS & FEATURES
10 deliver 80% of capacity

Discover® Tubular Gel RE Batteries provide superior deep cycling performance and reliability for
demanding commercial, industrial and residential applications. Discover® Tubular Gel RE Batteries
utilize Advanced Tubular Plate Technology to deliver long service life with maintenance-free
requirements. Gel RE Batteries provide reliable energy storage for Stationary Backup and Telecom
Netwarks, Road Surface, and Rail Traffic Signaling Systems, Solar, Wind, and Hybrid Of-grid and Grid-
tie renewable energy applications. Discover®Tubular Gel RE Balteries provide maximum efficiency per
discharge-charge cycle, and proven reliability in remote, high temperature, or unstable power network

above 1.9 volts.

Tubulsr positive plates and propristary alloy
compositions to provide a 50% Depth of
Discharge cycle life of up to 2350 cycles 8
20°C/68°F

Low cost per cycle. Lifetime value
maximized especially in hybrid systems.
where using batteries can dramatically
reduce generator run times delivering lower
maintenance and fuel costs and less CO2
emissions.

Sealed technology. Gel electrolyte and
safety pressure relief valve with integral
flame arrestor.

Complste and resdy to install systems with
all necessary installation accessories. Flame
retardant (UL 84-V0) containers availsble
Upon requast.

Tested and verified for compliance to
i Safaty

IEC 61427 Compliant. Tasted for compliance
with the Imemations! Electrical Commission
requ for battery perf and

lifa in PV applications.

CERTIFIED QUALITY

Discover and its facilities #nd products
are certified 1o muliiple standards snd
campliance:

* JEC 6089€-21: Reguirements for
Photovoltsic Ensrgy

* IEC B0896-22; Requiraments for Valve-
Regulated Isad-acid batteries

= DIN 40742 Specifications for Tubular Gel
RE Cells

* DIN 40744: Specifications for Tubular Gel
RE Blocks

* EN 50272-2: Satety Requiroments for
ries

staticnary batte
* IS0 8001, ISO 14001, BS OHSAS 18001
Manirtacturing pad Production faciku

installations.

MECHANICAL DRAWINGS
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I]ECHANICAL SPECIH_CH IONS ELECTRICAL SPECIFICATIONS
[ voltege 2 [ 2% 000 205V

Industry Referencs Tubular Gel OP2V Raference L¥0 /10 %000 197V

Leagth(A) 50in 126 mm %000 191V

Width (8} 82in 208 mm 2% D00 7000 cycles

Height (G} 144 in 367 mm Oycle Life 0% DOD 2950 eycles.

Tetal Height (D) 15470 392 mm | 0% BOD 1900 cycles

Weight 48 1bs 22kgs lacemal Resistance 078 mn

Tormianl Mg Shodt Circait 21004

Poles 2 ‘Soll Discharge 2-3% par manth

Celi(s) 1 Maximum Operating Tempersture <35°C /-31°F | 5OPC / 122°F

Container ABS Bectralytn Gel
ELECTRICAL SPECIFICATIONS

wm [ uom 100HR am | i s | am |
1.85 Volts Per Cell (VPC) 1.75 Valts Per Cell (VPC)
362 AH | 380 AH 376 AH 308 AH ] 280 AH [ 283 AH [ 224AH ] 185 AH

gﬂﬁ 3.1 Data Sheet YaauunLAe3 Discover 2VRE-800TG daui 1



Expected Number of Cycles in Relation to the Depth of Discharge

T
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Temperature ('C)

OPzV 2V Cells OP:zV 6V & 12V Blocks
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& 5000 5000
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2 2000 E 2000
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(] o
o% %
Capacity in Relation to the Temperature
Stand-by OPzV Cells & Blocks RES OPzV Cells & Blocks
10% 1no%
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o 100% © 100%
1 2 w—late: 1201.85VPC
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5% 5%
so% T T T
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T T T T T
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Temperaturs ('C)

T T T
2% 0 k-] 40

Self-discharge Characteristics

Expected Service Life in Relation to Operating Temperature

Operating Temperaturs('C)

o | OPzV Cells & Blocks OPzV Cells
2
— 10T 2
— 100% — 20C
F —30C » — Calls
= — 0 e — Blocks
§ Bo% “
8 2 1
T % 5 10
3 [
r
H - a
2
20% - ' T T ] T T —T T T
o 5 10 15 20 % 16 ] 3 2 35 © a“
Storage Time imanths) Temperaturs ['C)
Float Voltage Setting in Relation to Operating Temperature
OPzV Cells & Blacks
= Imvr N
S| towemperure 240
> opermtion
= 237
£ S
& 23
g m\
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s 225
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3Ui 3.3 wunLnaviiansianga Discover 2VRE-800TG #ldlumsnmass
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vinisvmaeslaemsonuayALUTEILUAABILUUWadY1$ T (Pulse Charged)
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Comparison between Voltage and Time of 12V battery
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Vl

119
1s/;

117 * :
1 @7 10 13 16 19-22-25-28 31,34 37 40 43 4649 52\55 58 61 6467 70 7376 79 32 85 83 91 94 97 100
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Battery Monitoring System for Substation Based On IEC61850 Standard
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Abstract

The concept of Battery Monitoring System for Substation
Based on TEC61850 Standard is proposed in this thesis. The keys
of battery monitoring system are the equivalent circuit
represented battery characteristics and  traveling wave for
indicating tendency of weak or abnormal battery. The
measurement method and tested circuit for getting battery’s
parameters is proposed by charging the battery to measure the
current, voltage, and impedances .The proposed equivalent circuit
is validated time domain .Then, the abnormal battery indicative
method is proposed by applying the traveling wave to find the
difference, and the data reporting will be based on IEC61850 .
The results of the experiment can summarize that the equivalent

circuit of tested battery is acceptable and applying the traveling

wave is able to indicate the tendency of battery deterioration.

This research could be used to develop and apply for being
another function in battery charger using in substation.

Keyword : Equivalent Circuit, Battery, Traveling Wave
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Comparison between Voltage and Time of 12V battery
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