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A Study on the Development of Controller which is used Electric Operating Cell(EOC)
for Vacuum Circuit Breaker and the Controller Performance Certification Test
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Abstract - This study is about the controller development of the Electric Operating Cell(EOC) which will replace the
Mechanical Operated Cell(MOC) of the vacuum circuit breaker which has been used in the power plant and the
performance test for the developed controller. The controller developed through this study was manufactured considering
the harsh installation environment and electrical condition of the power plant, and the controller performance certification
test for confirming the product reliability was taken to know whether or not to withstand fully in various electrical and
mechanical problems. Items for performance certification test were AC power frequency voltage withstand test, combined
surge immunity test, 1 [MHz] oscillatory SWC test, fast transient SWC test, radiated electromagnetic interference test,
vibration test. As a result, all tests has passed an examination without malfunction.

Key Words : Controller development, Electronic type sensor, EOC, MOC, VCM, Performance certification test
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I 1 AEFO LXer Al™ A/ A7 == 6lkv] D HHI) 2 4kV], AdadE 1.2x50
Table 1 AC power frequency voltage withstand test [xs], AF T3 8x20[us], TS AFAH L BIHoz v}
Test conditions and requirement Result(s) s 7F 58] AASHATHBL AlE A i 290 Ak

Aux. Power to _ AR AAAIELS 1ME] AE AAWH(SWC, Surge
ground Withstood Withstand Capacity) A8 © % ANSI/IEEE 037.90.1 (2012
Close sensor d) As Aesden, Adxdewe F3 1
input (+out,-) Withstood MEz], At &A1 75lns], WHE F3b4 400[1-12] 423
Electric | AC 60 Hz | (o ground S W PFPoR 2x0l4 QSUTHIL AFAINE E
circuits to ZOOQV Open sensor 37 7t}
ground fmin | nput Couts) | Withstood g oA AANEE w0 AAYEAG o ANSY
to groun )
Do(il v IEEE C3790.1 (20124) #4< A gsigdon, Agzao
- ) L:;qol }\1-_/:_/\7} (o) 1) ] oF O A7
B1~B5) to Withstood = 1%k Slns], 50% sk f=A2F S00ns]
ground W2 9 250, MAE §AAT 150s], HaE T
% ( ) is contact name. 300[ms], AL A4 9 FFAo|H AVIAZFS FAE=R
72} 182 Aol AR AT & 49 2o
oAl HA AXA P Aal Fefa)d ez ANSI/IEEE
T oA AP AT yAGAIE o2 ANSIIEEE C37.90.2 (2004d) +4& A&3tAom, 7\]64174(’&5 A
C62.45 (20029) 7+AS AE3tHon, APt Aojd L= AZ% 35[V/ml, A7 F344= 80ME] ~1[0], 34 |z 1
: BT} N Al
Table 2 Combined surge immunity test
Test conditions and requirement Test port Test mode Test voltage kV Results
o Test specification Common 6.0 No malfunction
- Voltage waveform : (1.2x50)us Aux. power
- Current waveform :(8x20)us ) ) )
- Output impedance : 2Q Differential 6.0 No malfunction
- Relation to power supply : asynchronous
- Polarity : positive and negative Common 4.0 No malfunction
- Repeat : 5 times, each polarity DI
- Repetiton rate : 60 s
Differential 4.0 No malfunction
o EUT setting
- Aux. power : DC 125V Common 4.0 No malfunction
o Performance criteria DO
- No damage and malfunction during the test Differential 4.0 No malfunction
" 3 1Mz] 2SS WXL AlE
Table 3 1[Miz] Oscillatory SWC Test
Test conditions and requirement Test port Test mode Test voltage kV Results
o Test specification
- Voltage rise time : 75 ns Common 25 No malfunction
- Oscillation frequency : 1 Mk Aux. power
- Repetiton rate : 400 Hz . ) .
- waveform envelope decaying to 50% of Differential 2.5 No malfunction
peack value between 3rd and 6th periods
- Output i da 02002
B bt impedance . Common 2.5 No malfunction
Relation to power supply : asynchronous
- Polarity : positive and negative DI
- BurSF duration not less than 10 s, each Differential 95 No malfunction
polarity
o EUT setting Common 2.5 No malfunction
- Aux. power : DC 125V
DO
o Performance criteria Differential 25 No malfunction
- No damage and malfunction during the test
BRI MAA ExFHM HESE iy 2 MselSAgo| st AF 133
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Table 4 Fast transient SWC test

Test conditions and requirement Test port Test mode TESt. Yoltage Results
Repetition rate
o Test specification 4.0 kV .
. . L Common No malfunction
- Voltage rise time : 5 ns 25 Hz
- Duration time to 50% peak voltage : 50ns Aux. power 40 kV
- Burst duration : 15 ms Differential 2'5 Hy No malfunction
- Burst period : 300 ms :
- Relation to power supply : asynchronous Common é% II{-IV No malfunction
- Polarity : positive and negative PT e
- Test duration : 1 mi ach polarit; . .
est duration fon, each potanty Differential 40 kv No malfunction
2.5 Hz
o EUT setting 10 KV
- Aux. power : DC 125V Common 2'5 iy No malfunction
iteri cr 4.0 kV
o Performance criteria . . Differential . No malfunction
- No damage and malfunction during the test 25 Hz
x 5 MAtm EofAlH
Table 5 Radiated electromagnetic interference test
Test conditions and requirement Test port Field strength Result(s)
o Test specification
- Frequency : 80 M ~ 1Giz
- Modulation : 80% AM by 1kilz sine wave
- EUT position : Front
- Dwell time : 1 s
- Step size : 1 % of fundamental No
- Antenna direction : Vertical and horizontal Enclose 35 malfunction
- Placement : 0.8 m above the ground plane
o EUT setting
- Aux. power : DC 125V
o Performance criteria
- Malfunction, failure or damage shall not be observed during the test
[kk], B&st 80 % AM, A7PHEFS dwolw e} w3k 242 MEN FHAIH(MTBF)
2 2 9@ £ AEA 7 Dwell time)S 122 A3t
[11]. N@Aste ¥ 5% 2t Qe SRR Aeld oEdd AEAFE 27
AN WA AlFe WzlsAgeR KSC 4511 (20019) A desgk AE FEA g AEAFe] #2 A (DE
9819 FAS AL3Pom, AdxAoRZ= ANE Fu & devHi2l o7iA IR REel 43 duAe
16.7[Hz], A ¢ 4lmm], IsW &> X, Y, ZoZ 33 Telcordia SR-3329] #& wWE2& Aoz s
AgARE ® 63 2ok
A= el ) L) M
ke 6 LH Xl_l %Al EI ! k 1:1,01'7710,1 jjmreleratpd
Table 6 Vibration withstand test
. Test
Test methods Requirement result(s) A7IN, AFE TFid 7FEAS, kT Boltzmann 4
- Aux. power : non energized (862310 ° e V/ K, Ea ST FEel &3 oA,
- Frequency : 16.7 Hz T o= B2 A, 7, . = JtERAL
- Peak displacement(peak to| No failure .or No AT ou s},
peak) : 4mm damage during damage v o6 M ow BAa = .
- Direction three different the test & an t:"? 4 g ol ?]—é eI
axes of the specimen in turn MERES AFEH MG & o8] A2 284
~ Duration : 1 h A e NHEAF(AF,,)E AT
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Fig. 10 A performance certification test picture for test
product (a)7(c) AC power frequency voltage
withstand  test/Combined surge immunity test/
Oscillatory SWC test/Fast transient SWC test, (d)
Radiated electromagnetic interference test
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Table 7 An activation energy of discrete component
HEY FH E (eV)
YAE [C/mfela R ZZAA/RAM 05
ofy}2 1 IC 0.56
ROMA| 4/ 2=} 0.7
EdAzg/deole=(dEE B9 0.22
tol e =(Al2ntE B YY) 0.45
Regulator/Varistor/Thyristor 0.15
A7/ AYEH/ 2= A] 0.4
A (E3R)/7ha A 8 0.22
A (EER)/JAGE/ Do 0.15
HER 0.44
AAg 2 30ColA EOCS] m3EL 2670/1078 o] T},
uteba], MTBF = 374397 Alzbo & oF 427ndelth. 18 B
2 o] e TAR LE/ES @S ujo] MTBFE X 89
b ek

® 8 Jt&E2ol we JtEATet FH MTBF

Table 8 Acceleration factor and estimated MTBF by
accelerating temperature
HEEE oAy B 7H&EAS MTBF(+74)
60C 114 32,785
70T 23.4 15,978
80C 46.2 8,014
90T 87.8 4,264

FEol we Baw Al

ki3 9 JtEzol e e AFAZH

Table 9 necessary test time by accelerating condition

P AF el e HaA ATt

S5 | 60% | 70% | 80% | 90% | 95% | 99%
60C | 2503 | 3289 | 4397 | 6291 | 8184 | 12582
70C | 1,220 | 1,603 | 2142 | 3065 | 3933 | 6,131
80C 618 813 | 1,086 | 1555 | 2,023 | 3,110

90T 325 427 571 818 1,064 | 1,636

I 98 T8 AHFFEE 9%, 1Eil AlFRE 80CE
AAsm APe A% ELS 1202 W A9 zde o
&3 2th ARA = 3110 AN AR 2591622

1
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Table 10 Dry heat test

Test condition Test requirement Result
o Temperature : 80 C +
3T
o Duration : 12 days
o0 Quantity of test The output
specimen : 12 contacts(5” a” con
o Operating tact and Satisfied
sequence:Close, Open 5”b” contact) of (Osc.
o Number of operation each EUT shall SGO01 ~
sequences operate normally SG128)
not lass than 640 without trouble
(See Photo, the test.
SGO001 ~SG016)
(See Attcachment
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Fig. 11 MTBF test circuit
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C1ME] XJEs AAW=E A E S ANSYIEEE C37.90.1 (2012d)

o AS Agste] AEF A3 eFal YNo

malfunction)2 <13} AT,

. =7 AAWEAYES ANSI/IEEE C37.90.1 (20129)
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. AT Fof A1 E S ANSI/IEEE €37.90.2 (200491)9] 77
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