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1 Domestic waste
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International Standard Series

American National Standard
Requirements for Power-Line
Carrier Coupling Capacitors and
Coupling Capacitor Voltage
Transformers (CCVT)
JOMAUANNINTUAMUIINSTIUDIUSAU dRSUADINU
UsmiBourodnyruinudoansuuanadolwna:
AJoNUavISOAUIUUADIAUUSDIBoUMD (BE3N)

o

dudy WIgyYATINEY 5.1.7 Carrier drain coil loading, power-frequency i anTena. <

somchai.char@egat.co.th . .
s voltage drop, and insulation level

(M33181nanYa9YARAINTEUNEH A IAERENS, 5.1.7.2 Voltage drop (4359aunn)

ussfuanAMUA RS, uazszAunsauIL)
5.1.7.1 Loading (n53181van)

There are no requirements for drain coil loading.
Lufidomuuanginaeidinsunistelnansosunain

seUedygIdans.

For an explanation and discussion of the determina-
tion of drain coil inductance refer to Annex C. The
manufacturer shall provide information on drain coil
inductance and current rating.

Meduienazn1siiansand sinsmaaumienh
YosnaInszUednyanudeas Iigiinianuan C. fuan

adedlvidayaiieiuanumilsnivesnainszuiguas

The voltage drop across the carrier drain coil shall
not exceed 30 volts rms at power frequency and
with  maximum rated voltage applied to the
high-voltage terminal of the capacitor.
wsIRuRnAsaNTRaInTEUed A sansez el
Ay 30 Tasdiordiduiea t anudilidinds defusedu
fitmungeandouliiuiaromeussgeosiniulsey.
o0cd, ocs

NOTE - For an explanation and discussion of the 30
volt rms specification, see the Annexes of ANSI/ISA
$82.01, ANSI/ISA $82.02, ANSI/ISA 582.03.

e - Mesuneuazmsasandeaiissyliiiu 30

Thadensidueaiiy ‘Lﬁ@ﬁmﬂmu’mmm ANSI/ISAS82.01,

oD 4. Inductance < 45 mH

Y s e ya o e o v .
doyavntuiinesdanuis, Jyad gnufsevis, ni 67 nanafisteya CCVT ludmves
Carrier drain coil Fsthgszuvdearsnmunli (Usdruivueasiu Ratings and
Features (RF) 84 n¥ln. uazunsduweilinsiadeudeaya Proposal Data (PD)

Ay oa o v . . . Ada fou o= Wyao
nEudnauanlunsdUszya) Teya Carrier drain coil MAyadtuiinlidaad

1. Continuous current at 50 Hz 1 A o
2. Short-time current - A
3. DC resistance <14 Q

5. Insertion loss at specified frequency range < 0.5 dB

6. Impulse withstand voltage 12 kv
#n Short-time current mﬂ”uyasﬂaﬁ'mﬂﬁ #® (1) Nissin: 2 A for ac 10 minutes wa (2)
Haefely: 5 kA for 8/20 ps

Harmuaiiendu Voltage drop (across the carrier drain coil) asdaslaiiiu 30 V rms
MUNINTTIU ANSI fmualindiouriu vis €93.2-1976, C93.1-1990 & €93.1-1999 d1u



ANSI/ISA $82.02, ANSI/ISA S82.03.

5.1.7.3 Insulation level (52AUNT5AUIN)

>

X0

i
L

i

N

5.1.8 Capacitance and dissipation factor of the
capacitor stack (AMuglWAwazaUsENaUNS
dudeuaudeuvesyadaiiuisey)

The basic impulse insulation level (BIL) of the carrier
drain coil shall be a minimum of 10 kV at a standard
impulse wave of 1.2-5.0 x 40-60 microseconds.

sysunsauBuiadyagiu (Tleuea) vesunainszuny

9 2 Y A v a s o
dynadeas wwdedidiogneos 10 Alaled w Adu
BuadunsgIu 1.2-5.0 x 40-60 Tulasiundl. o< o€

5.1.8.1 Prior to dielectric tests
(Reumsnagauladianasn)

The stack capacitance at power frequency shall not
differ from the rated value by more than -5% or
+10%.

ode, o

NEMA No. SG 11-1955 hinuiniidervuslag eafudsuiuiiae

folad~] .

270 NM399%8 CC & CCVT 989 NK. AnsAvuausiiuanAsen Carrier Drain Coil
li'Lﬂuﬁ \ ms ?

faU: M3IATe CC & CCVT a9 Avle. dinsimunussiunnases Carrier Drain Coil
13lu Ratings and Features (RF) neldfiate Carrier Drain Coil amuaindoslaiiiu
30 V rms waziininnsamuderinnuaued ANSI C93.1-1999 atuil

folaleN .

BIL wes Carrier Drain Coil aadarmuniifosdiaogaiios 10 kv wiiloriou
€93.2-1976, Section 4.1.13 fuualiifies 5 kv ﬁiami’lam?a'amﬂu 10 kV iouszne
14 €93.1-1990 wazddldsiosndmiy €93.1-1999 atiull :1nnsnsInaey NEMA
No.5G 11-1955 liwudnilderiwualag tieafu BIL w04 Carrier Drain Coil 1&g

e&o . )
a1 M39aiie CC & CCVT vas nvili. fnnsriavun BIL wes Carrier Drain Coil i kv?
faU: NM59n%e CC & CCVT 204 nvlw. dn13rsun BIL 984 Carrier Drain Coil 13lu
Ratings and Features (RF) melgrate Carrier Drain Coil Fertwiun BIL 1u 12 kv
wae (gandrandinmualy C93.1-1999 adudl) visiinesnausuuazimnssussuvdoans
(nya-a) dresvuufeans (lsa.) Wudimun BIL fendrs audufinein nae-a. §a daa.
Hu s {304 “Carrier Drainage Coil 499 CC/CCVT” asduil 13 waednneu 2541
wWonoutuiindednauan vam-n. (Radyad gnufisevis) asiuil 6 waadneu 2541
Fuiinann ma-a. indrndredu flanrwddyieaiunsimune BIL ves Carrier
Drain Coil sameluil

y
DX

iloselusyuudeansves nvie. Ssflanusufudadliva PLC (Power-line carrier)
uaz Type “c” Line Fault Locator (LFL) yil% Carrier Drainage Coil Tu CC waz COvT
fle3a31303U High Voltage Impulse v83 LFL ldde Savinlinisimund impulse
Withstand Voltage gend1 ANSI Std. fifiarsanust PLC ilevegraiiien oeslsil

Ma-a. WiudnanusnanA Impulse Withstand Voltage dw¥u 500 kV CCVT 970

15 kV asudu 12 kv windu 69-230 kv CCVT 161 3slasveimun Impulse Withstand
Voltage v81 Carrier Drain Coil Tusliu 12 kv dw¥u CC waz COVT nnwun

ode ) .
91NMIATINABY Ratings and Features (RF) No. PDIW11 #ltlunisdnde 525 kv
cevT ves nvli. Tudagdu Faudu RF No. atuiiesiuiiidyaduuuiuiindslliine
szuvdoansnsvaey uaziinisveudly Impulse Withstand Voltage 910 15 kV anas
vJu 12 kv wirfures 69-230 kv CCVT uda Usngirdagdulsdeundululd 15 kv
wileutuaiorou SawuAnitunasiinanaruiianatalunistn RF i1 (feud 2541)
ndunudldliidusuueduszuy 150 wiillesmnguilylinsuinaefituiinaeunny
mudinailaesuielulugeessateiiudy Fvilmaansdoundululideyalusindnass
wavdswasiaiiiasli RF dmsu 500 kv CCVT nnaduifuuuurlasuszuu 15O fuua
Wy 15 kv wileufuvue (iffatulawaeiifianewusivesiiyad)

[ela) ) )

a1u: 1nivessaiinaluudslude 3.4 basic impulse insulation level (BIL) Fauanin
m5ﬁ’mumanﬁnqnwﬁﬂﬂﬁuuawwﬂ§uma&5uﬁaémwu €93.1-1999 #9A1NUNTFIU
IEEE Std. 4-1995 1w eg1na1winasivesnasgivadulauiangi?

fou: AouduumumuiewiusaznsgIuimuainusiliatugile aunusives
IEEE Std. 4 e 0.84-1.56 x 40-60 ps Yauzinausives C93.1-1999 fia 1.2-5.0 x 40-60
s ”ﬁ'a%ﬁﬁ]’m ﬂ'uﬁﬂaaﬁmwij, Tyad qnﬁﬁizﬁn, w1 95 a%mamajugwﬁmﬁuuaz
ndsnduvesduiadlifwielul Lanmiedu (Wave front): Faavandedu Bailiiia
Stress UudMUINY89 Coil g9 uazdlSNMEgVEaIBINAT 5n°ﬁNL’am§iqma|ﬂxlﬁu
HafirerHdn 1195910 Stress 9y Distribute ajiauelUa Winding namnenay
(Wave tail): 9291381898179 Severe ni1gasiu Llas1nTaanaTlun1siu Stress vas
Winding asumuniredemnuimaiufinvesiiyadinedy sxduldininasives IEEE
Std.4 Sanuduanniunueives €93.1-1999 atiull dslumninannaaeuduiad
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5.1.8.2 After Dielectric Tests
(wasn1snagauladianasn)

The capacitance at power frequency shall not differ
from that measured prior to the dielectric tests by
more than the equivalent of one capacitor element.
The dissipation factor at power frequency shall not
differ from that measured prior to the dielectric
tests by more than +0.1%.
auglihuesyaiufulszy a avwdlnihdds as
Fodliseanafitaldneunisnaasuladidnainifuan
fifeuinfuesduszneuiufivUssanisdu fusenou
nsgapdeidunnusou a awdliiindds azdeslaising

PnAInlanaun saasulnBdnsSnAuNIT +0.1%.

NOTE - The purpose of checking the dissipation
factor is to verify the uniformity of the production
method and effectiveness of the processing cycle.
wewn - Ingusvadrein1Ingiaaeufiiusenaunig
a g Y A Y] ° ax
E\]QJ}LGEJLU“LJWJ’]Jﬁ@Uﬂa LNBYUHUAMUANLENDUDIIDNT

nARLazANUTUTEANS AT NTeITaUNSHER, O EEOER O

5.1.8.3 Over the carrier-frequency range
(maamhuﬂmuﬁﬁ'iy,mﬁmﬁaﬁﬁ)

The carrier-frequency capacitance shall not differ
from the rated value by more than -20% or +50%.
mmqlvxlﬁmaamEJ'mmwuﬁﬁ’iyzymﬁami%ﬁmlmm
NAMAALAY —20% 939 +50%.

5.1.9 Short-time overvoltage operation
(M3vheudiafiuseiuiulugasaaus)
The CCVT shall be capable of withstanding 140%

of performance reference voltage for one minute.

International Standard Series

“Capable of withstanding” shall be interpreted to
mean that, after being subjected to this duty, the
CCVT shall show no damage and shall be capable
of meeting the requirements of this standard.
FHINLADIEWTONULTINU 140% VBILTIHUD9DILY
msviaulduumilond f1d “aansanuld” aedosd
mdwanedls  vdnildsumsmedeunsiaiung
FRrdeslivansliiiunnudenelag wazavdosds
annsorudetmunngnasivesnsuatuils,

5.1.10 Burdens (tuasiau)

5.1.10.1 Burdens for accuracy rating
(WasaudMSUNARAMUKILEN)

Burdens for accuracy rating purposes shall be
expressed in volt-amperes at a specified laggin power
factor as listed in Table 5.
wedhmudmiuiitamuuluiiiadald  awdesandy
viehad-ueuuys a fuszneufdadmdsiiseyld

A58 MUANTT 5.

NOTES

NBLR

1. Burdens are based on two secondary voltages,
120 volts and 69.3 volts, and power frequency. The
burden designations and the same physical burdens
are used in applying accuracy ratings to CCVTs,
irrespective of theratios or of the exact secondary
voltages resulting from the voltage applied to the
high-voltage terminal. For example, for those CCVTs
having ratios that result in secondary voltages of
115 or 66.4 volts at performance reference voltage,
the actual volt-amperes for a designated burden is
reduced to 91.8% of the values listed in Table 5.
woslaumanedndannussiuniogiaesen 120 Taad

waz 69.3 Laad waraudliinids n1sseuesinu

m‘uauuamnmmmﬂaummw 12ps mwmamﬂwaammsmuawu sufiAnaiiy
imiezeusuldl lesanmiadubedufifeaiismnuguusesie Carrier Drain Coil ndu
usidmeRALRND 4 s Seifedetidunui snduReiilshinstenFuld
losnnnndudedufBainilfinetu il Carrier Drain Coil nusunismaseuduiuly
®&n .
awglihvesyadnfvusey o anulaihids muderiuuatasdedsirinsana
AfiALAY ~5% vi3o +10% Samiloufuves C93.2-1976, Section 4.1.3.1 uaz
€93.1-1990, Section 5.1.8.1 Usid1 NEMA No. SG 11-1955, Section 11-3.05
fnuatnasiruraaedeuly ~10% fa +15% Fediodreulauninunasidagu
waihiosmnnssusumsnaluateduslafvimoud

[ol{cd N

013: N133ATe CC & COVT wos nulw. Simsfmusinusinnuaaiaindoudmiuamiug
Inihvesyadaufivuszqlivala ?

mou: n15¥ade CC & CCVT was Nl Lififeimundeunasimnuraaindeudmsy
ugliinvesgadafulseq Sadedililiinasinudotmunues €93.1-1999 atfuil

o&&
Lﬂm%ﬂﬁk"daEluLL‘UaWENﬂ’JWiJ‘OlWWWLLauﬁl’J‘inﬂa‘UﬂﬁﬁﬂJLﬁEJLUuﬂ’J’]@J‘JE]uMﬁWTﬂ
ynaouladidnmnmudervuat wileutures C93.2- 1976, Section 4.1.3.2 upz
€93.1-1990, Section 5.1.8.2 #5U NEMA No. SG 11-1955 lyifidormunludsziiuil
o&o

A191 one capacitor element (mﬂﬂivnaummwﬁwwuwu) pafadeil ANz
maﬂwuauammmsmmmmwiﬂﬂaam W3BURNIIUIUYDINTADBYNSURAT YUY
ﬂumaﬂaﬁﬂﬂimaummUinwaww fu LwaﬂiunauLﬂu‘qmmmuﬂiqum

o&s B

213: N1530%0 CC & CCVT Va3 Nilw. ﬁmiﬁmummm%msmﬁaumJawadmmaﬂwﬂw
wagfrusznaunmsgayidelivielal 2

feU: 139980 CC & CCVT wos nviw. laliiformundennarinsilasuudases
mmaglwﬁmawm}hwnaumsqngLay Fefiodlildinasinnudafivuaves ANSI
€93.1-1999 atuil



0212018 American National Standard 13

wasvefnuiiidnvasnanemiioudy  Wlunsuen 2. The burden on any two terminals affects the
AipAMulugwedTIn Tnoldldladnsndnmnionsssu  accuracy on all other terminals. The burden stated
nﬁaqﬁﬁLl,ﬁﬁﬁﬁLﬁmmﬂLLiﬂﬁuﬁﬂauTﬁﬁU‘sziama in the accuracy ratings is the total burden on the
usege segauy A WMSUETITIvavenefifensidin §1 transformer. The accuracy class shall apply with the
iAausiunRegll 115 v3e 66.4 1iad &4 usswu  burden divided between the secondary outputs in
Fraddlunsvien had-wouuUsiuissdmiuesiau  any manner.

ﬁ/iizqvlﬁsiauaﬂawﬁa 91.8% voerang ausenisly  wwesiauuutareaedeiilag dendmwansznusiodaste

[olcdad

M3 5. aeduq Nvue wesiauiissyliluiidaanuuiugitiy

0d® - o9&

A15197 5 — wasaudunsunnaauLdug

wasiau* AudnunzidadsBausaiy 120 Tad paudnwnziiiodnedaussiu 69.3 Taad
N353y Taad- A TR | uduend | Lo | suiuand
J 5 frumu | wileati ) fumu | willeatn y
B || LT (avin) | (aud) Loty (avin) | (oud) e
M 35 0.20 82.3 1.07 411 27.4 0.356 137
W 12.5 0.10 115.2 3.04 1152 38.4 1.01 384
X 25 0.70 403.2 1.09 576 134.4 0.364 192
Y 75 0.85 163.2 0.268 192 54.4 0.0894 64
Z 200 0.85 61.2 0.101 72 204 0.0335 24
7 400 0.85 30.6 0.0503 36 10.2 0.0168 12

e P a a
* nMsszyivefinumaillifideddnyfianudduuenmiionn 60 1Esnd.

odw fimun Burden vasuaaianfgiiiu 75 VA iiifumin usmndseanguaselit
mumnewndei o wildimnimundnandaulagiden Higher ratio 97 Table 3 v, $00 leriauasnuiniinistmua Burden 1gefls 200 VA 1ifasan Relay

rlow udouinA Lower ratio feuwfnvatitiyad nawimmmuwmaqmﬂu fimsiwasuuuasan Electromechanical Relay sauusn finuluidy Static Relay,
120/69.3 Taadl 2y useiugnadslumsyiiny mmﬂwmmmmamaimubmwmm Digital Relay ua Numerical Relay Fautiagiud ddmaddiidesasmnn doya
wnsgatuil Wil Lower ratio filalléasinedogus @msdamudniios) o thu laids nduiinesdauie, dyad mwﬁmm Wi 17 s Burden ¥es CCVT Ve
Wa(ﬂamﬂ”vmu Relaying Service youfinsldony Metering Service ‘uu mMstaiAwann Ansu COVT Relaying Class 1 Burden winit EGAT ‘Uaﬂwuaa 2 Conditions f®
M enadmadasziuniugldundnsdivesndiad muummawaﬂm & COVT Baft Line 1614 Burden: 200/75 VA wsi&1 COVT Baft Bus 14 Burden:
Lower ratio fiasiasagudsu Table 3 usfinazvilireivesinuldlslifiudifo itot 200/200 VA (Fuauvdiwminefsunaingn X sardaauvdmanedananya )
L‘uaimu‘wLﬂumiammuﬂmwmﬂmmﬂmaimumﬂuimnasjLLm Fefunisaniuesinu wigdi CCVT finfl Bus dadldifa 200 VA 1 2 g fifletezdnelsl Relay fifnd iy
avtheddhidwarie Metering Service Bus léiitaswe foghathede CVT Biie Haefely Trench fifwun Burden: 200/200
oda VA nuuanslilud@eessavesiate Nameplates uda

o3 miwmmimuawumaaaL‘uaimu 2 USaY 120 V & 69.3 V (unuflaziden 556

lm‘5“‘4““"€W‘l) mmmmaaﬁmﬂmalm ? FoyaiRetuiitaussiunisgiuasiuesfinuniuninsgiueesiiu VDE 0414: Rules for
mou: wilsdio Westinghouse Maintenance Hints, Chapter 31: Instrument instrument transformers 91n1t%de Electrical Engineering Handbook, SIEMENS,
Transformers, 1974, pp. 31-14 fa 31-15 g5unell¥h Establishment of standard 1969, p.555 na11l331 For voltage transformers normally 45 VA. The secondary

burdens to be used for testing and comparing voltage transformers must take into
account the two standard secondary voltage ratings 69.3 and 120 volts used for

load is obtained by adding the power input, in the voltage path, of all parallel
connected meter and measuring equipment. In addition to this the voltage drop

voltage transformers. Actually, inspection of standard voltage transformer ratings in the connections must be calculated from the resultant load current and the

will show that there are really two voltages; 115 and 120 volts in the 120 volt
class, and several voltages from 65 to 70 in the 69.3 volt class. The standard

loop resistance. It may not exceed 0.05% of the rated voltage. The secondary
rated voLtage is 100/v3 V with one pole insulated, with two poles 100 V.

burdens to be used for testing are rated at 120 volts and 69.3 volts. ANSI C57.13 ‘wmammm wasiuunine 45 VA mﬂmmnmaﬂummma aﬂﬂimmimmﬂ‘]
specifies that the 120 volt rated burden will be used for any transformer with a mammumumqmwmmu Feduserunntmungadlaiiiy 0.05% vesRiausy
secondary voltage in the range of 115 to 120 volts; the 69.3 volt burden will be niend %dmwumhkﬂu 100/v3 V ¥158 100 V euuAngdl

used for any transformer with secondary voltages in the range of 65 to 72 volts. ool

This means that the actual voltamperes in the burden in a given test may be 01a: Tumnsnedt 5 Snrswademiomalwihuasuiminlinated litesdu Tad,
somewhat different than the nominal value of the burden in voltamperes. For weuuU$, Teviu wazian’ Fsesnaruinmienalwinuazusindnsneg wiand
instance if the standard burden is 25 voltamperes, the actual burden, when it is fewmsgiuinegadlstng ?

used for testing any transformer with a 115 volt secondary, is (115/120)2 0r 0.918  ggy; winfisnsininnsgiuaseq gemfaunsalaguansiainuinsgiu ANSYIEEE
times the nominal value of 25. Burdens rated at 69.3 volts have an impedance std 100 #egudn wilufitmaneudmaudosussensanmiide McGraw-Hil

only 1/3 of that of burdens rated 120 volts. They should not be used in testing or Concise Encyclopedia of Science & Technology, Fifth Edition, 2005 Foalud
ratmg transformers rated at 115 to 120 volts.

wiiAesuletneiu 9y mmwaaﬂwuaLmaammumu ANSI C57.13 usifianansn Electrical and magnetic units. A proposal by W. E. Weber in 1851 led to the

Uiuaﬂmﬂhﬁﬂu CCVT enui €931 atuilagne Wosmnuesiauiusedifurnais absolute cgs system in which all units of quantities to be measured could be

wmaﬂmawmawmmmumaawum snafidufiwesviesiadmdeniu derived from the base units of length, mass, and time—the centimeter, gram,

o0 and second. This system was widely adopted although it had three weaknesses:
. o & 2 ° Funiudazaalivs the size of the units was inconvenient for practical use; it was difficult to realize

VE% LT::?;?EWEE;/J,]???WW HEIA Burden Ve AR BILAE ‘thwsa the units from their definitions; and there were separate sets of units for

fau: NMsdase COVT 189 m/»lm fin158vue Burden maama'gmmmanmmamwmu electrostatic and electromagnetic quantities, based respectively on the inverse-

Ratings and Features (RF) F499NN159599d8U RF w'l‘vaa"’luﬂwwwwm wuin square laws of force between electric charges and between magnetic poles.
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5.1.10.2 Burdens for transient response rating
(wasiudmsunianIsnauausIfanIUTaUR)

Burdens for transient response rating purposes shall
be expressed in volt-amperes at a specified lagging
power factor as listed in Table 6. Burdens are based
on a 120-volt secondary voltage and power frequen-
cy. The burden shall consist of two impedances

connected in parallel as in Figure 1. One impedance

International Standard Series

shall be a pure resistance (Rp) and the other (Rs
plus Xs) shall have a lagging power factor of 0.5. The

inductive reactor shall be of the air-core type.

wesinuvesiiinnisnouaussdensudeudiiausly
zfnuansegluniieliad-usunls a Muszneuma
yudwsitszyEmumenislumss 6 weoseuiavans
SeBsnussdiunegll 120 haduazeudluiiids
wosinuilazfessznauseBufiuaudassiaouunuiu
U7 1 Bufiunudimisasdeadunnudumugians

v oA A D]

(Rp) wazdanwas (Rs Uan Xs) 9eAaallfiUsenauniag

International units. The first weakness was resolved by international agreement in
1881 to fix the practical units—the volt, the ohm, and the ampere—at 108, 109,
and 0.1 times the respective cgs electromagnetic units. The other weaknesses
were avoided by the decisions of the 1908 International Congress in London, where
realizations of these units in terms of easily reproducible standards were defined.

The mksa units. A more fundamental change resulted from a proposal by G.
Giorgi in 1902. This led to the adoption of the mksa system of units, in which
there are four base units: the meter, the kilogram, the second, and the ampere.
Use of the meter and the kilogram instead of the centimeter and the gram gave
units of a size more convenient for practical use, and use of the ampere as a
base unit resolved the conflict between electrostatic and electromagnetic units
while maintaining the magnitudes of the widely used practical units. This was a
truly coherent system, in the sense that other units were derived from the base
units without the need for factors of proportionality other than unity.

Sl units. From the mksa system the present-day SI (Systéme Internationale),
formally adopted in 1954, has developed, by the addition of further base units to
include other fields of measurement. The seven base units of Sl are the kilogram
(kg; mass); second (s; time); meter (m; length); ampere (A; electric current); kelvin
(K; thermodynamic temperature); candela (cd; luminous intensity); and mole (m
amount of substance). The units of other physical quantities (derived units) are
derived from the base units by simple numerical relations.

The Sl base unit for electrical measurements is the ampere (A), the unit of
electric current. It is defined in terms of a hypothetical experiment as that
constant current which, if maintained in two straight parallel conductors of
infinite length, of negligible circular cross section, and placed 1 meter apart in
vacuum, would produce between these conductors a force equal to 2 x 10-7
newton per meter of length.

The volt (V) is the unit of potential difference and of electromotive force. It is
defined as the potential difference between two points of a conducting wire
carrying a constant current of 1 ampere when the power dissipated between
these points is equal to 1 watt. From the ampere and the volt, the ohm is
derived by Ohm’s law, and the other derived quantities follow in a similar
manner by the application of known physical laws.

The remaining units of electrical and magnetic quantities are:

Coulomb (C): The unit of electric charge, equal to 1 amperesecond. The
coulomb is the quantity of electricity carried in 1 second by a current of 1
ampere.

Farad (F): The unit of capacitance, equal to 1 coulomb per volt. The farad is the
capacitance of a capacitor between the plates of which there appears a potential
difference of 1 volt when it is charged by a quantity of electricity of 1 coulomb.

Henry (H): The unit of inductance, equal to 1 weber per ampere. The henry is
the inductance of a closed circuit in which an electromotive force of 1 volt is
produced when the electric current in the circuit varies uniformly at the rate of
1 ampere per second.

Ohm (D): The unit of electrical resistance, equal to 1 volt per ampere. The
ohm is defined as the resistance between two points of a conductor when a
constant potential difference of 1 volt, applied to these points, produces in the
conductor a current of 1 ampere, the conductor not being the seat of any
electromotive force.

Siemens (S): The unit of electrical conductance (the reciprocal of resistance),
equal to 1 ampere per volt. It was formerly known as the mho.

Tesla (T): The unit of magnetic flux density, equal to 1 weber per square meter.

Weber (Wb): The unit of magnetic flu,X equal to 1 volt-second. The weber is
the magnetic flux which, linking a circuit of one turn, would produce in it an

electromotive force of 1 volt if it were reduced to zero at a uniform rate in 1
second.

The mechanical units of frequency (hertz), energy or work (joule), and power
(watt) are frequently involved in expressing electrical and magnetic quantities.
The cgs units, such as the gauss, gilbert, maxwell, and oersted, formerly used,
are not part of the SI and are now obsolete.

suauretneiu geruasudrindsnaeidunie sl lullagdu ldasiing
Amuaszuvezlsinnoutne wagwdismalvliuazuslwdnusayuiedu Slemmu
szuv Sl 1egglstng ?

®bm

71 9NN umadeIn1 wuituauieinaianiae interational ampere,
international henw, international ohm, k&g international volt #78 98INALIN
mewmummmaqnwma ampere, henry, ohm Uag volt mlﬁﬂuﬂmuuuamﬂi ?
mav: miefianuaiu ﬂmwﬁﬁmuumuaﬂmnﬂuwLmhmwwmwmwaﬂuu NUITADU
ADINAIIANNNIBNNLIHD Mcgraw-Hill .
Dictionary of Scientific and Technical Terms, Fifth Edition, 1994 aaneluil

international ampere The current that, when flowing through a solution of
silver nitrate in water, deposits silver at a rate of 0.001118 gram per second; it
has been superseded by the ampere as a unit of current, and is equal to
approximately 0.999850 ampere.

international henry A unit of electrical inductance which has been superseded
by the henry, and is equal to 1.00049 henry. Also known as quadrant; sechom.

international ohm A unit of resistance, equal to that of a column of mercury
of uniform cross section that has a length of 160.3 centimeters and a mass of
14.4521 grams at the temperature of melting ice; it has been superseded by
the ohm, and is equal to 1.00049 ohms.

international volt A unit of potential difference or electromotive force, equal
to 1/1.01858 of the electromotive force of a Weston cell at 20 °C; it has been
superseded by the volt, and is equal to 1.00034 volts.

Weston standard cell A standard cell used as a highly accurate voltage source
for calibrating purposes; the positive electrode is mercury, the negative
electrode is cadmium, and the electrolyte is a saturated cadmium sulfate
solution; the Weston standard cell has a voltage of 1.018636 volts at 20 °C.
puA1ad U9 ﬂmmawuﬂalﬂjﬂﬂl,l,a';’;ﬂmmwmumuu Wendastumheiildi
agluilagtiuedidlsthe ?

@&

013 mﬂmimumuqaammmmaﬂMﬁwamﬂam nudinasldniae abampere
abhenry, abohm, way abvolt mlmam‘mh mamﬂmmwmamm wnanmuu
ummmwumnwma ampere, henry, ohm uag volt miﬂuﬂﬂauuuamﬂi ?
fav: wiefiauunty ﬂmﬂﬂmuummﬂuﬂﬂuwL’uﬂfﬂmmwmmadmﬂuu
NUATADUAINNAILAUMLNEAINULIED Mcgraw-Hill Dictionary of Scientific and
Technical Terms, Fifth Edition, 1994 fasaluil

ab- A prefix used to identify centimeter-gram-second electromagnetic units, as in
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Burden values for transient response tests shall be  |aackiadal el (lavia) | (lovia) | (lovin)
100% of the CCVT maximum rated accuracy class %gg/@imu
0.
winding volt-amperes and 25% of the maximum zT 200 0.85 131.9] 59.2 102.5
rated accuracy class winding volt-amperes at 0.85 y24) 400 0.85 66 | 29.6 513
ower factor B LUBaL
pey o - feso%:
AR veauesiaudlilunsvegeunismeuaussse | ZT/4 50 0.85 527.6| 236.7 410.1
suleus avdendu 100% vedlad-weuudsves | _Z41/4 100 085 | 2638] 118.4 205
vaaIndisziunuLug i fvuaganuesddiiuay Xs Rs
25%  vedlias-wenuUivesunanaiissiuALLluei
Avunasan o dusezneuidady 0.85
(TR o—e L 4 0
(UsaRnmureatumiin)
e A A W
Rp
Uit 1

abampere, abcoulomb, abfarad, abhenry, abmho, amohm, and abvolt.

abampere The unit of electric current in the electromagnetic centim ter-gram
-second system; 1 abampere equals 10 amperes in the absolute meter-kilo-
gram-second-ampere system. Abbreviated aA. Also known as Bi; biot.

abcoulomb The unit of electric charge in the electromagnetic centime-
ter-gram-second system, equal to 10 coulombs. Abbreviated aC.

abfarad A unit of capacitance in the electromagnetic centimeter-gram-second
system equal to 109 farads. Abbreviated aF.

abhenry A unit of inductance in the electromagnetic centimeter-gram-second
system of units which is equal to 10-9 henry. Abbreviated aH. Also known as
centimeter.

abmho A unit of conductance in the electromagnetic centimeter-gram-second
system of units which is equal to 109 mhos. Abbreviated (aQ)-1. Also known as
absiemens (aS).

abohm A unit of electrical resistance in the centimeter-gram-second system; 1
abohm equals 10-9 ohms in the meterkilogram-second system. Abbreviated aQ.

absiemens See abmho.

abvolt The unit of electromotive in the electromagnetic centimeter-gram-sec-
ond system; 1 abvolt equals 10-8 volts in the absolute meter-kilogram-second
system. Abbreviated aV.

abwatt The unit of electrical power in the centimeter-gram-second system; 1
abwatt equals 1 watts in the absolute meter-kilogram-second system.

abweber See maxwell.

maxwell A centimeter-gram-second electromagnetic unit of magnetic flu,X equal
to the magnetic flux which produces an electromotive force of 1 abvolt in a circuit
of one turn linking the flu,X as the flux reduced to zero in 1 second at a uniform
rate. Abbreviated M.X Also known as abweber (abWb); line of magnetic induction.
PIUABB IR ﬂmwmumwﬂﬁ]LLmawmwmumuu Wendastumieildi
aglutlagtiuegidlathe 7

oo

aw: anmssmiedesnulvlihadsaioneuq wuindinisldniae statampere,
stathenry, statohm, uag statvolt Fslsidesiila § maa’mmmmu’mmm finanuntiu
finrunAgatesiuniig ampere, henry, ohm wag volt wiﬁ’ﬂuﬁmuuuamﬂi ?

meu: miefiauniy ﬂm’a’lﬂﬂ’ﬂUuﬂﬂMaHlMﬂﬂ‘u‘ﬂLEU’W‘LﬂﬂZI’WIJWIJTEJ%BQW?ImJu
NURZABUAID LA IBAUNINEIINNLED Mcgraw-Hill Dictionary of Scientific and
Technical Terms, Fifth Edition, 1994 fasialuil

stat- A prefix indicating an electrical unit in the electrostatic centimeter-gram-
second system of units; it is attached to the corresponding SI unit.

statampere The unit of electric current in the electrostatic centimeter-gram-sec-
ond system of units, equal to a flow of charge of 1 statcoulomb per second;
equal to approximately 3.3356 x 10-10 amperes. Abbreviated statA.

statcoulomb The unit of charge in the electrostatic centimeter-gram-second
system of units, equal to the charge which exerts a force of 1 dyne on an equal
charge at a distance of 1 centimeter in a vacuum; equal to approximately 3.3356
x 10-10 coulombs. Abbreviated statC. Also known as franklin (Fr); unit charge.

statfarad Unit of capacitance in the electrostatic centimeter-gram-second system
of units, equal to the capacitance of a capacitor having a charge of 1 statcou-
lomb, across the plates of which the charge is 1 statvolt; equal to approximately
1.1126 x 10-12 farads. Abbreviated statF. Also known as centimeter.

stathenry The unit of inductance in the electrostatic centimeter-gram-second
system of units, equal to the selfinductance of a circuit or the mutual
inductance between two circuits if there is an induced electromotive force of 1
statvolt when the current is changing at a rate of 1 statampere per second;
equal to approximately 8.9876 x 1011 henry. Abbreviated statH.

statmho The unit of conductance, admittance, and susceptance in the
electrostatic centimeter-gram-second system of units, equal to the conductance
between two points of a conductor when a constant potential difference of 1
statvolt applied between the points produces in this conductor a current of 1
statampere, the conductor not being the source of any electromotive force;
equal to approximately 1.1126 x 10-12 mhos. Abbreviated statl . Also known as
statsiemens (statS).

statohm The unit of resistance, reactance, and impedance in the electrostatic
centimeter-gram-second system of units, equal to the resistance between two
points of a conductor when a constant potential difference of 1 statvolt
between these points produces a current of 1 statampere; equal to approxi-
mately 8.9876 x 1011 ohms. Abbreviated statl]

statsiemens See statmho.

statvolt The unit of electric potential and electromotive force in the electrostat-
ic centimeter-gram-second system of units, equal to potential difference
between two points such that the work required to transport 1 statcoulomb of
electric charge from one to the other is equal to 1 erg; equal to approximately
2.9979 x 102 volts. Abbreviated statV.

statweber The unit of magnetic flux in the electrostatic centimeter-gram-second
system of units, equal to the magnetic flux which, linking a circuit of one turn,
produces in it an electromotive force of 1 statvolt as it is reduced to zero at a
uniform rate in 1 second; equal to approximately 2.9979 x 102 weber.
Abbreviated statWb. 3
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Improved generator
circuit breaker enhances
power plant protection
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CLASS G1

A class G1 GCB having a rated generator-source short-circuit breaking current
equal to Iscg (the root-mean-square value of the symmetrical component of the
prospective short-circuit current for faults fed by the generator) shall be
proved by two tests: one with a current equal to lecg with a degree of asymme-
try of 110 percent and one with a current equal to 0.74 x Ich and a degree of
asymmetry of 130 percent.

CLASS G2

A class G2 GCB having a rated generator-source short-circuit breaking current
equal to Iscg shall be proved by one test with a current equal to Iscg with 130
percent degree of asymmetry.
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wufiuaudssmsiidusniigadmiunssus short
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- Cost of PV generation

- Cost of electricity, German households
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*1 euro is equal to about $1.05.
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Source: www.solarwirtschaft.de, Federal Ministry for the Environment, Nature Conservation, Building and Nuclear

Safety of Germany (Leitstudie 2010), BSW Solar (PV-Roadmap)
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Avg. cost per
MWh of additional
generation in
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desert power

Market price, directly
addressable by investors/
industry

*1 euro is equal to about $1.05.
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Avg. system
synergies (eg, less
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peak load power

plants)

Avg. total savings
per MWh imported

System effects, must be
reflected by regulators/
governments

Note: cost of MENA (Middle East and North Africa) exports arriving in Europe includes cost of transmission losses

Source: Dii, Fraunhofer ISI
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“Asian Utility Week 2018”
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Energy Storage Inverters
A reliable partner for your
storage device.

Energy Storage Inverters (ESI) LﬂuqﬂﬂmﬁuﬂmﬂszLLaIWﬂ'leuaaaﬁﬁma Towause
uwasnszualninadyu (AC) Wunszualniinss (DC) wieiiundsuluwumns3 (charging)
wiolindsnuainuumaes (discharging) tnsuvasnsylniings (DC) 2nuunwmesidu
Aseualniady (AC) Lﬁ"a?dwiﬁqﬂﬂiéﬂﬂﬁﬂm?aizwlw%

AMENUALAY

- LﬂuqﬂﬂiﬁﬁuﬂmmzuﬁlﬂﬁﬂLLuuam'ﬁﬂmN (Bidirectional Inverter)

- LﬁuqﬂﬂiﬂmﬂmﬂizLLﬁlWﬁ’]‘ﬁla’]uﬁaLﬁmﬂmﬂ’]WlWﬂﬂﬁ Tngarunsandngsusiin,
mvaumaalnilusdazia (P&Q), anunsadeuiuenfivimnesisdusndivl (inductive)
waza1U1g7ivl (Capacitive) wazuiUgvnlnanliaunaluszuulil

~ewluszuuiiinsdeusedfussuulaseelni (Grid) wazszuulniiuenian (Islanding)

- Wausuiugunsalmuguiissuudeaissesiu Modbus RTU/Modbus TCP-IP uazanunse
doansfiu BMS (Battery Management System) #1u CAN bus

Sl uiuwunneslévatgyda wu Li-lon, Na-S, Lead Acid LLaxﬁuq
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