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[ TEST RESUILTS OF ABB DC Break 1815 ]
1. Identity of the test objects

(1) Type : ABB DC Break 1815
(2) Serial Number

1) 1VC1BL00032882 (Routine test report issued date
2) 1VC1BL00032883 (Routine test report issued date : 03. 07. 2018)

(3) Rating

1) Rated service voltage : DC 1,800[V]
2) Rated service current : 1,500[A]

3) Tripping setting : 1,800[A] + 5[%]
4)

2. TEST
(1) Calibration conditions

1) Test voltage : DC 1,800[V]
2) Breaking current : 250[A]
3) Time constant : Abt O[ms]
4) Load : Resistor 7.2[Q]

(2) Test and measuring circuits

Making Switch
CONTACTCR CTT1

TXERZ| o] Tieket AR E S
=8 sSAY At EC 7|&EE 2HESI¥ 2Lt DC 1,500[V] / 250[A] / t=0[ms] =M %

7 ool M A TTE oLt oA Eoll X 7F Ackn
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Tkl
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m

b

=
a7 &9

meb HA ME] A

— —y 1 o H

© 03. 07. 2018)

Rectifier
(Power Supply) Voltage v
DC 1,800[V] Measurement

Test Circuit
Resistance 7.2[2]

Rated short—circuit making & breaking Capacity : 30[kA] at T2, T3, T4

)]

|
— 1| Test Object
‘ ABB DC BREAK

_

Current
Measurement
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3. TEST RESULTS

MAKING SWITCH

ABB ABB
TEST OBJECT (TELEMA
1VC1BL00032882 1VC1BL00032883 CONTACTOR)
Oscillogram no. 180717 - 01 180717 - 02 180717 — 03
Test voltage 1,830([V] 1,830[V] 1,830[V]
Prospective
_ 220[A] 208[A] 227[A]
breaking current
Recovery
- 1,765[V] 1,837[V]
voltage
Peak arc voltage Non—measurable Non—measurable 1,837[V]
Arcing time 340[ms]" 3,070[ms] 18.6[ms]
For reference
Notes - -
test
Evaluation Fail Fail OK

U Forced breaking by making switch.
4, PHOTOS

(1) Photo 1 : Test object after the breaking test of DC 1,800[V], 250[A]
(Serial Number :

1VC1BL00032882)




(2) Photo 2 : Test object after the breaking test of DC 1,800[V], 250[A]

(Serial Number : 1VC1BL00032883)

5. OSCILLOGRAMS
(1) Oscillogram no. : 180717 — 01
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(2) Oscillogram no. : 180717 - 02
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(3) Oscillogram no. : 180717 — 03
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Mor | olmm] | S[mm] | 1o[mm] | 13[mm] | 15[mm]
5[V] 4.2 5 5.7 2.3 0.1
6[V] 5 5.9 7 2.9 0.1
7[V] 6 7 8.2 3.3 0.1
8[V] 6.8 8.1 9.4 4.1 0.5

9[V] 7.6 9.1 10.8 4.7 0.6

10[V] 8.5 10.2 11.9 5.1 0.6

11[V] 9.6 11.3 13.4 5.8 0.7

12[V] 10.5 12.3 14.3 6.2 0.8

13[V] 1.5 13.5 15.6 6.7 0.8

14[V] 12.3 14.4 16.7 7.2 0.9

15[V] 13.3 15.6 17.8 7.7 1

20[V] 17.9 20.8 23.1 10.0 1.3

40[V] 35 38.9 36.8 16.3 2.6

45[V] 37.4 41 1 38.0 17.0 3.0

_’|2_



50[V] 40.2 43.5 39.1 17.5 3.1
55[V] 46.5 47.3 42.7 19.4 3.8
60[V] 48.6 51.1 45 1 20.4 4.0
80[V] 66.9 65.7 53.1 25.0 6.2
100[V] 74.8 71 56.5 27.0 7.3
MRFZ Y A7 | & =7 DATA
-6V 7V 8v
80 S -9V —-—10V —11V —12V
70 B \\\\ —13V —14V —15V —20V
\\\\ 40v 45V 50V 55V
6o \\\\\ 60V 80V 100V
16
[ 27t F2 xld o2 55 21} ]
ot =23 0[mm] 5[mm] 10[mm] 13[mm] 15.5[mm]
5[V] 0.1 0.4 1.1 3.3 1.0
6[V] 0.1 0.5 1.6 4.7 0.9
7[V] 0.2 0.7 2.1 6.4 2.6
8[V] 0.3 1.0 2.7 8.6 0.6
9[V] 0.5 1.2 3.4 10.6 1.5
10[V] 0.7 1.6 4.3 12.9 0.6
11[V] 0.8 1.9 5.2 15.6 0.3
12[V] 1.0 2.2 6.1 16.6 1.0
13[V] 1.3 2.6 7.1 18.5 2.4
14[V] 1.4 3.0 8.1 20.9 0.7
15[V] 1.7 3.5 9.2 221 0.5
20[V] 3.2 5.9 14.9 28 1.4
40[V] 13.0 20.6 32.6 445 0.6
45[V] 15.8 23.5 35.0 46.6 2.1
50[V] 18.8 27.6 37.3 48.9 3.2
55[V] 20.7 28.6 39.4 50.4 2.3
60[V] 23.3 31.0 41.5 53 3.3
80[V] 33.7 39.9 49.9 61.5 2.2
100[V] 38.8 452 55.0 66.9 2.1
5~100[v] 7|43 % 1=
5 e :
? N . . o a— Z /;
20 =4 AN
Z=Z 77
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i) MAEY MAYIES MRSt Cist HolMol T SYUs MSo| PHETE HE FEsE A
OITHE J|EHEAM FHy

) DEEAET|] Mol LB o LS ofTof het o2l ee M

) LB Ol2T}F ofAAE Slol A of B o|Eo+1 ~3 30| O|RO|XEX| AlBa[0|NS S5H0f

— """"_\_ .
1045 1045 2108 ———

S

RN e
2048~
10

2377 o2a

T 4
204 /] T -20% 202b
2080 —

» 250 MA(EM : 3 ZXICD|E o2 & BBES| EP 2 609 609 B1)
202a @ AAX[HHE(DYEHE H) 202b : A2XHHE(OlsEHE H)
210a : IMX™™ = o3 = 210b : O|TE F o2 =
104a : I™¥HE 5 A Hmj A=Mo| JIE 2 ZH5ER0|E
108a : O|STYH™ = & | ABHo Ji& 2 FHEH0|E
102 : DXME™ = £ wimj AEH 106 : O|STX™ = F timf AEM
109 : of3 Aol

— toj\|7(-l
DHFA E(202a)z ol=™H
- 1A A
O ot == n¥FYH H,
(210a, 210b)22 M=

O ¢l 08 49 n88d HolM nYHHE ofa 2(210a)22 HZ

m

(202b)e| &zlof wE ot LM

ol=™d EollAM 243t ot=A2| Stt(one foot of arc)?t ota &

- 2A|H

ot3 7} ol ™ E(202b)2 MLt O|STA = ot3 E(2100)2Z 0|55t IHFYAESF o3 =1}
Ol ™= ot = AlO[of| ot3 1 E(arc feet) &M

t3AIH

ot3 T EJ} JI& 2 glHel 2&5Ee0/E(104a, 108a)2 M= I H Jjo %2 ol3E A

- t4AH
ol=a7} A tim| AEHS| JIF 2 ZEE8|0/E(104a, 108a)2f F x| AEH(102, 106)0 2tz &
SMElD E5| ol3 HE the ofa AHOIA(09) VK AL As

- thAIH

O ot=a7t g3l =0{™ ot #E2| Z|4(7HA| EE5H0{ =[Cf(ot3)H 0| He= =5
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M=o, t10M t4AlE Atololl Bt

=

£ (Abstract)
o] =20lAM= 7|

=2 m2io|E o

o

QO

b=

7| =(references)S A

sk
=

7| 2I=(Key words)

Ct7|, of3 A=z old

1. 702 (Introduction)

Z171210lct,

T (selectivity)2] Z2
ct. 320 AT
chsol ™MAZ|=3E 7

ir-Arc) RE =

gH(complement)O| .

AN
T AL

FXFM (ferromagnetic) =

ol
= 1
=]
e

ola &2l(arc splitting)

Tl2to|E{(macroscopic parameter)2t
L& mlzlolels =ABI7F &7
ot=3 =HlZof Jlitkof 2} $=X|5iAlof|l 2|t AlZe|o[M

ict. C.

Sct=ote|

Ak

B)2l otA ol=

u

=

St= A2 LEHACE O

ol|:|._

gneto—hydrodynamio) Zdio|
EIF AptEQ

=

AHERAI B

ol

A 7H

45 Mt (parallel electrode arc quenching chamber)oll CY

to

A

X

=1
=]
=

o A
=]

ol &1 Alzho| ZiEl=

=2

=13
=1

(MHD)E

Skt

=<t o3

low-voltage power distribution system)of| A
i A S22
A &S o|ZFct M i dASS
tetole| &=

~

2| (splitter plate splitting)&

ne

AE

ro i

04 4

la

[

ro

A9l 2| xlofl M x| E .

7t

SEAF
S o

=32 AEYE AZl=

g Zdst

v

2 ©& Atofol| ot=

[

Bz mloez &

Hn

25E7] 2fsh

#stch w2t ot olsel AT AHEt| e

M

o

otz o|ls EMo sHH=Ct AHcCtrt
UApCH 37| |
i 2ol
2 ot3 o
o ™O|(back commutation)& o+

o| =

A

e T

=2
_— =

SICRNES

Fievet=

Asict M. Lindmayere =2 ot

Xi'an Jiaotong Ci&te| AFX=2 MHDE 7|
1asto] 3k 7|E o3

o|=of thet x| a4 Aadof of T 2

o
I
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o
rir

2olM= 3D MHD 22 o| 7|& x}zt7| st Efelel ot3 o|sS AlZ&o|M5t7] 23|
sl At AlZello|ME HSESH| flall =t Fao 2hE7|(a single —frequency oscillator)
o % C

ool 7= J1E Atetolof 2H

s

) “ |

(B8]

1. 108 89, 2. 7t 4, 3. &% of3 2Y, 4. RLEF of3 Y, 5. 22| &, 6. HE
(

a8 1 7|18 AeV[(ACB)2l 7=

7185 Aebvlel #x=& 1ol HERhRIe FH™, ot=3 Y, =2 #, HE(vent)7t ot3
olZofl et dekg ol&lct a2l JHE HEol JHE=H

= A I 2% of3 Y
= EMEE UH, 222 o3 auets MFMel MI|M M2 x| =ch ofF s
ofA7} ol S5t Sot ol AZ(arc path)E MEsc HEo=RE ofF dl{=ze| ofa M

o{stg 3ich ofR} el o=

OfH
I--l_

Ol(arc commutation)= 22| EH2=Z2| o3 0[S0

o
OolS& ol% ota= % 7o #2 o3z 2|, ¥, L&t O™

r

tebo| = AtetE ot

= x
WALE HE FHS X 3712 wizlof Hez FME HEE XE|e S7|55& SZ(airflow
passage)S &AM sict.

2.4x| 22 (Numerical model)

2.1 7} (Assumptions)

Algelo|Mel 5Edg E0l7| s, ctsnt 22 7180l ME = QgCE

a. of3 Eel=olz FEXH FHAs HHEAEN(LTE : local thermodynamic equili —brium
state)oll UcC}t.

b. A2 = A Alolo] MX|Ate] 2% EXZ(stationary temperature distribution) 2%E]
Alztsich ©® Jfeknt of3 &%= O 3 okrotct,

S| X|
c. ™, 22| H, Hol ot ot3 F2Al(arc erosion)2 2= X| LUct.

e. o}3 ZEEl=ol= =™AM SEZ(conducting flow)2 2 D= Act LUE(density), M7 =N
M(electrical conductivity), & =X A (thermal conductivity), H|¥ Z2k(specific heat capacity),
= 2c|ld Tl2lole= =E¢ [8](Murphy A B. 1995, Plasma

A

MM (viscosity)2 Z&ls

Chemistry and Plasma Processing, 15: 279)0llA] &2 Zo|C}.
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2.2 X|ui gF=Al(Government equations)

TX 222 MHD O|22 HIE2 =z ==, AeV|e ot SME =Atst=d w=EE
Hez2 AT EHACEH #MufolM el ot2 E2t=0f HS(behavior)2 ZATE 7tAel A5t 3 ™At
7le| Azt olsl ZA™ECt Jtagl 2dst(gas dynamics)2 Navier—Stokesa! T} of| 4X| H
= iAoz MYgEict MXAPZ| RAE Maxwell B8 Aoz Mo=EIct of3 2Hel 7|2 gt
HAl2 Hg HE U4yA 23T EE H™4A] oYX E& YA S zZesiot

1
o
h
rh
T
A
>

oo 1
o _
v e v)=0, ()
o7IM, p(kg « m *)E 78 L=, t(s)= AZH Vim « s ')E 74 &5 #HEfolct

Ve (o, V) =V (ani)f%Jr(JxB)i (2)

o47|M, v; (m « s ')E =zt zFEH (rectangular coordinate system)2| x, y, zZtgke| v

of ME n(kg » (m « s) ') M A=, p(Pa)E OlO|AZ A FUEO A0 243,
r,e AZH =FEAL X, vy, z%‘!i‘“, J(A e m 2 )E Rz,

+V o (phU) =V -« (%vh)JrSh (3)

O17IM, h(kJ « kg ' )E AT, X(W « (m « K) ')E & MY,
p (J o (kg « K)')eE L oMl H[H,
S, = OollL4X| & (energy resource)
S, =8, + cE* — ¢,  (4)
0o{7|M, S,= A2l wAl H(dissipation heat), o (S « m ' )& ota Zz2f=otel MI|H
M E(V - m ' )E ®A LE, ¢,,5 of3 E2t=ole| A} o4 X|o|ch.

MAZ|el MA= chSel Maxwell 2EAIc2 MHEICH

Ve (0Vs) =0 (5)
E:_VQs
J = oF

oZ|M, o(V)E MY, E(V « m ' )E MAZT HEo|ct
3Rt AHA ALkel SERAM I XtE7|e] 22| EHop 22 ZAMY MAES 12{sto], A4 HH
M| ghH(magnetic vector potential method)o| &
Ct=oll LEER U,

_’I7_




oi7IM, A (Wb « m ' )= A7 #E ™I, p(H « m ' )= X7 FXS(magnetic

permeability) O| C}.

715 Atebzlel ZXMA 2R IFAM HME EME IHSHK gew, dH|d¥

(nonlinear) BHZA o2 MU =C},
B=uH (7)

047|M, H(A « m !')= X7| ZE HE(magnetic intensity vector)O|C}.
2.3 EA 1(Boundary conditions)

HAHA m=HS gaMAst MAH Y AXMEo| o|2c2BEH MMEUCH S22 ZEHflow field),
= & (non-slip) 24 =712 H-ot3 QIE{HoOo|A0 Fijst¥ct 2F A =HS FHI|
=55 27210 Mz} AT Y= & H(heat flux )22 MUE=CE HE= Myl WFe 27|
ZF(air volume)nl gfe|l CH7[E HZsH| 2ol A=A, HH™ AHJ| U= (static gauge

1e2M 7t §

pressure)= Foz ME =dct A M9 Dirichlet =2 XA AA =
225 E2l=ofo 3

Holl F2=[dct AlZelold Sof et WRYE 22Tt 2

=
L= —

2l
I
o

== At

3. AlE8o|Md 2 BN (Simulation and analysis)
QoM Agst A2 |5 MAHH (finite volume method)2 7222 o MYME 3=
i

(commercial code) FLUENTE AEisto{ EJict. ot3 el sl zZtets| sh7) s, 1/2 of &

2Eof ALtE flo AHEH = ACE

3.1 ot=3 0| S(Arc motion)

Mool CHE HHo| AlZbol| E 22 X TA

—_

(temperature distribution sequences)&

a8 2o HERfACE ofF o|s2 kst #ol FElE = Uch

a. Y™EolM ot3 B4 =2 ot3 Fol(arc commutation)
b. o3 B E w2} 22| W22l ot3 ol
c. =2| ol ot o3l E2l(arc splitting)
d. & ™o[(back commutation)
e. =2 ¥ FolMel ot3 dA(arc burning)

™G = 0[ms]) Alololl MAM= of=3+= t = 0.065[ms]7tX|0|7| Uf20l, ofF2+= &&=l
HA EHe vzl ¢2 =z o|sstcl o3 FE(arc root)= 2% of3 ol MIZst, t =
0.175[ms]ollM 1Z o3 BUHZ FO[E AlFfelX|2t 7t& HAH0 ot3+= HoftUctk I =of
37| ZAHair blast)2t A7|H2 olAE HAEXX2=E SO0{=EZCh t = 0.390[ms]ollM otad=
REZ ota HHE 0|7 AESCH (O =72t 2% ot3 el o3 = YW 22l He=
Ol==l0f ULt)
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[l

i 445 Pl T My

L
Tempersturch 0 4000 BOOG  1d00d  DONW0 20000 24000 | -'(L—k

T2 2 of3 Mo A Loo| AlZiof w2 25 E% 24

T8 20 LbERH WA, of3 Bl 2ol JtAL ol MolE | Mol dA&Hoz I}

d=0f AL, 2o w2t STtE Y e Vs HEeERE 2EF ofF BHES otF T
Ol =ehetct ot FE& UF FHEOAM AZE o3 BMHE EA HMolE = Asd, S
H9IE 72 A7 Wjzolct. Bt Jts HE el otd ©ol= =8, Jts dEHa 2E

&
Z ot3 Y& AFA MIIH FHZol el7| wh&olct.
Z ot3 U Atole ot I2F =t = 0.465[ms]7HX| YF=HI, t =
0.72O[ms]01|/\‘| ne|et Z2 otAl(tail-like arc)Zb LEEHAEE t = 0.795[ms]ollAl & T Ol (back
commutation)= 7ts F&EI 1% ot3 L Afolof| LiEILILD, E2| el of3= HA o of
A(back arc)oll elslf CHHECt 2|1 LA t = 0.815[ms]ollM ot &= CiA| B2 Hez2 &
Zlo|7| Al=tstct o] a2 t = 1.300[ms] & U = Ct2 o NMo|7t Loje minkx| AL gt
SItetof mel MAA 2 Jta 5§ Fe| st of Zsizich O &
2 o|=s3sta #Eo| o|2ct I chg ot3= JHE eHZ ol dizjof Eaf
M7 MY(current channel)ol UEtLE F2| Eeol F &R Atole] ZHolAM AAFEICH t

1.700[ms JOll A 22kl ot= Bto| 22| Hhof E=cCt.

3.2 22| & HZEZolMe ofa A (Arc burning at the back of splitter plate)

t = 1.700[ms]ollAM2| otF Bl 22t siHste MF 2 =% =
2tz LIEpHCE T8 3(a)ollM ol 3= AlEoiAM =2 & FIFoM ALsty 22| §He| JE2

otstA st= A& Eelcoh

=
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| Temmemme® 0 ape0 MG 100 IGN0E 10006 13000 -'i_‘T

(a) 2 Ex (b) M7 2 Ex

3% 3t=1.700[ms]ollA of3 Mo 2ot MF Ux Zx
g 3(b)= ©R7F 7HE ebFof wiz2|o] Eaf 22| el FdF(top) Atolel WE Soll =
E AS HEHlCt o] AlZeold2 of3rt =2 HE Sof AT =0l 22| BEof FZF oM
2 LIERHCE o|Zd2 o o4 of=37} E2 +

—

=3

= [=]
2ol &50| of gl =1 XtekE

i
2
1o
%
T

12

StA| et

4. A"l gl EM(Experiment and analysis)

ol AlZalo[d=2 diz|of Ee| 2x|7f ot3 o|Sofl ot 2 H&g o|Elg LIEMACH ZHxf
£ A3st7| flsh AFo| ot Fotg |[CERI7| M3 Z(a single — frequency LC oscillator
power circuit) 7t AHEH=|QACt Xtctnby Fo| of3 M ot3 MF mEo| FHEUCE =
HE Zutet 2e| m FA(splitter plate erosion)dl 2lsll, AtEHSE (breaking capacity)oll CH St
Hi2[of el ZH & n}p f{x|e] HEo| EAM =AU

4.1 Mg 3 2(The test circuit)

HES flof £t Fube LCLX7| MeEs27t AHEEACE OB 4= 2SHE| CHolof I
2 LIERHCH

3 1 =l

084 s clolo] I

=

u

EME= 52 AKX S12 ONEO UX, F T AX S2= OFF o Act ZHIA
ol |X| &F7|(bridge rectifier) B2t &HF X & (current —limiting resistance) R

S Soll HAE Mol ZSHMECE XE AEHoAM S1= OFF, S2= ONo|ct. ZHAM = QIHH

ES 2 SPE Z&s5tE 3 2oAM YHED 1A

3 M2 1@ T2 H Tektronix P60150 2lsl SHEUL, MF= Rogowski 2L

=
EX™E|QcCt meE2 QA ZATE Tektronix TDS460AZ 7| 2SI CF.

3
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4.2 Rfchsol| ok di2(of ol MA Y fIX[o| He

(Influence of barrier plate material and position on breaking capacity)

CtE di2lof E(multilayer barrier plates)ol 7|& Atet7|e] HIEES 2ls MA=JCH 2t T
of A= &2 M2 AdZ2|A =Hof Uct o] F== ot3 E=t=0tE o Zh(filter) 5t HZt5}0q,
=5 YA ¥ JtAo BES ZAsY| fls AFSECh ot3 olSof chsh uiz|of B xHE 3} 2
x|o| Aakg BAMSH| fldl, & cEts|2 T3 x(7F 10[KATel AEfjolM =4 A 2 = B
of ot MY H MRE ZHstl MZE H|usIUct. =H A A JHE otF ol Hiz|of H2
AHQl2|A AEo|D, B2l B F5 FAFet 5[mm]el o] Uct =7 Be| ¢ 7HE otz

Hj2lo] #e A MAEoln, =2 B x&Fol| Fs5to Act.

a8 5= =4 A 2 Bel o3 Meftnt MFe| uys LIEMHCE t = 00lAl o3 XMete| x|
AX|l= ot3 SHarc ignition)oll s EstCE &A| FESH ol ot3= MR JtA SES

2oz 22 H2 &l =X & HZIcl(elongated and stretched). ot3 & eto| &7tst=

et > 0 FZHo|ct. otFI} EEl B £o=2 0|S5H Fof Z s 2 otm R EalE ZHo|
Ct. ot3 M2 ZM F1Hpolarity effects)oll 2lsll A LA Zotstm, aehA ot e uf

Fo| ota olHX|et 22X BIIEcl. O = 2E7F ofH gloll =25t HE F(contact
M A

field)ol A= S7Iel =XH0| o|2=toll ofsif F7t=lct. A=A 9 HMo|7h Lhdstil, ot3a

=]
ot=3Tt AFZE At Ut oM T|elE AS LiEpHCH T2{Lt 38 5(a)
A YEStA, o3} HlwA otdsicts AE LIERMHCE A[E2old At
t27F 22| B FF HolM Az, g Set MF iAol of3 Z

el M7 ME=2 MES ololetct ot 3= =2 ol s BO0{X[X| gt o3 M2
L

a8 solM ol3 M@ TAXZF xmzAel Z® oA 27glviel s, x=7 Bel #S
355[VI7Hxl 227t HE B % UCh olH2 JHF etEel wjzlof Fo| M MFo|: el
B E A0l Halol US 0, ofTE 22| Ho| ofs) A7 BoiF 4 U1 O £ ot MY

o
g YHstE Ag UECH oS0l ol3& E2| oM 25 =, Z2t=0F AlA(plasma
sheath : Z2tA0F el =& Fflo FAHsE = F39 i dXB)E MF & (zero

x4
crossing) & o3 450 {FUAst M =2 HAUa 3 =2ZX(higher dielectric recovery

i
=
Ok
w2
+
o

intensity)

=

Gurrens

Voltage (V)
Gurrent (A}
e -

Cument (k4]
r

B i 2
Tima {me} Time {rra)

(a) =AH A (b) = B

225 of3 Mgt g

>
3
_t':_l
0gt
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P4

7 At Bo| HIES[ FAlZ LIEHHCE Z=ZAACAM ZHE otZo| ufz[of Erot

]
ou

62

F
=0l EA FAo] =}, otF EX(arc trace)s LFEHACH ZEZBOIA =

Ao Hr Mo

2l B FasFe
of H& A2 iy, el JhE etZ ol sjzjof Eaf Za2 g 4Tl Het f/IXls
2l o FFoMe ota ALE FrRSH d2AlEd = Uch

Ercded trace (2

5. Z&(Conclusion)

of =20lME 7|& AEt7| e Etlo| ota oSS =M st7| 2lsi AlEaolMdat Aol At

=
Z=21ct ot3 ool et siz|of el Az fx|e| Feo| MUt B2E2 CfS2
=z

-

2ol €& = UL

715 Atet7lel ot3 o|F2 3D MHD(3XHY AL FxHst) ot3 ZH=Z A[S20lM =2
Ct. & AL otF Zet=nte| S2[A uj2folg X ZAEH 2o H|Mdd S4o| ALkl 1
HE[ Aot AlZ2ojd2 Mol oo AS= Ut HetEl ZH2 ot=F o DA TS Al

S 0[d35ta AlZtetst=H AMSE = UCH

si2(o] Eo| A fIxl= ot3 o|=oll otF F2et S o|Elct 2l Ee| FoFo

Hot Moinjol b ob%o| sizlof Ho| of3 M9 A& MF Atio| O f4sict

Simulation and experimental analysis of arc motion characteristics in air
circuit breaker.(Plasma science and technology, Vol. 18, No. 3, Mar. 2016)
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At ZlsE=0iH|

5

100% +ZE7HX| T

H

Z7ME 2 MOoA

<z}

S

2 Line-up

] / DC 100[V] / DC 110[V])

V] / DC 87[V

[

(DC 24[V] / DC 72

l2k7| COIL PART

(2) TRIP PARTS]

= Double

TRIP PART

Torsion springS 0| &735}04

olo

2
100

uh b

IS Torsion spring0| of=l &

HEA
S =

F7| ?lslil M/ Setting

5
ol

tof Setting

S

=2
S

2 HAs D HHEI|E

A=)

Spring

il

ju
110}
0

4

oK

lof
4

K

of

i) TRIP PART

AtEt7| TRIP PART
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(3) S/W OPERATORS| Z &5}

i) 7|& S/W OPERATOR PART= Zt #EZE=2 EEo| x3 3dE &5t01 IHTXtcH7[of FF
= =

galoz BN 2 HEZ2 RAIESo ofzFZ0]l A0 DHEXIEHY| BODYO =8 A
SUB ASS'YHHS 2 M E2|l ZE3tE SH=tAA

= 2sisto] =AM gl 2
i) ek 4 st 342 EFAIATE T

NS XET| COIL OFFAl Z7tSE ™ol e MElz2 S5
ez

DEEXET|] T[AY 8 2572t

|_

(4) SHOCK ABSORBER PARTS| =7}
i) NRAEFEY MRz

?’é‘l“oﬂ PoHXI._ 40| &

—
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(5) ARC CHUTEZ2
i) AlD ME oo
T e4o0|of, Xt
i) ME J2|= 7+ gx|& 7|EECt o 27
AHEb7| =o0lE Eo|l=d 7|0
i) Mg J2l= zt gz =81 HET2| =0 F8 Frigtez, 7 #ot otz &A™ Fel
Ch nl

LA 7T dAolA otFAZHe]

o

TAE|Q| QI9|Hel WAl WHEE ol28 A58 F=
2+ BASE PLATE, Z§ HE && F45104 =

{

Q
5tod ofARES| =05 £01, MAMECR

t ofFAIZE AtOlo] xS =

T
Kl
=]
rir

|

(2) =L Sel7|2HKERI) HsAIH

i) ARl : 2020.03.13
i) A& - sh=2MI| o 2l (KERI)_o| 2H2
i) Alg=z : DC 900[V] / 30[kA] / T=15[ms] / O-CO-CO Xttt

% KERIQ| = A|EXQE : DC 1,000[V] o|5H<ol &2 2l)
iv) AlgdZan : M F

v) MEAMEEed 2 S 0 2020.03.19 / 20DB200046

3) DEHETAEY| F BEo| F8 A=
(1) &F AMA| HEZE IS FolX, ME YN BSUE 9 =2 24720 M8 FEo ofst
=S A=
(2) 2AHAE YA A7H| ot BFEo 2 IHERIEH 2] CONTACTOR PARTS| L7t == BODY(25),
OIZAHRE ZHH(3F)2t 2xtdTof Z&gon], LIHX| £Ee 28 3AtA T XASIHNS
(2) &2 SEE : BODY(L), (R), ot34E BOTTOM PLATE, END BASE, SPOOL, FRONT BASE,

SWITCH COVER

4) GAL DEEXED(0 M FAMFHE MAZLS BAMSIo 7[E MAE LEZXACT|9 W FT
[=]
=

A™E / 2019. 11. 5)

PN i

1) Tl SelelE7|2 4sAdE AME M=
2AIAEOIM HZEteE FHE & 4S5 F2 FFS MASto] Iuel S27|2HSGS KOREA/IPH-=2)oil A
Tl o dsAHE AME 14SETE MIZf
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b : 2020. 04. 27 ~ 2020. 06. 17

) | ==
i) AlE7]2 @ SGS KOREA
i) Az 43
v) AE T, dEMgEY 2 ws
NE NEEE EEREEE bl of H| 3
_aa |~ KSR 9158 Lied Al (2022 2
BHMEAH — — —
Zl2dsAld | _ IEC 60077-1, -3 SGS-R20-2005-ENOO | 2020. 06. 24 olal o7l = wsl
ts/5A4A" | IEC 61373 SGS-R20-1816-EN0O | 2020. 05. 27
=L /2tdAE | IEC 60068-2-1, 2-2 | SGS-R20-1814-ENOO | 2020. 05. 27
vi) Al g=

- Operational test

- Verification of operating voltage limits
- Pull-in voltage measurement

- Pull-in & drop—off time measurement
- Main contact gap measurement

- Main contact force measurement

- Insulation resistance test

- Verification of clearance

- Rated power frequency withstand test
- Coil resistance measurement

- Voltage fluctuation test

- Temperature rise test

- Mechanical endurance test

AE/BHAE
- Simulated long-life test
- Shock test
- Functional random test

2T /EEAH
- Cold test(-40 ~ 25T)
- Dry heat test(25 ~ 70C)
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iv) chetol= =& A= Xtof| st el= X|Fo| cii ekstEool wat &Ko tist 52 =0| 7ts
SHA MM AlEA™ S CfA| =HSIF D 2021 1€ 5o S2lls7|2 MsAgds MastE S

(2) Al &

i) AIEAX 2021, 01. 12 ~ 2021. 01. 22

i) Algl7| 2 IPH-CESI(5Y)

i) Al® 32 1 IEC 60077-1 : 2017 / IEC 60077-3 : 2019

iv) Azt M

) AxMgrsiel gl 3 1 2021, 03. 29 / 11292-21-0023
vi) A" &=

Sequence | : General performance characteristics

Operating limits

- Temperature rise test

- Dielectric properties

- Operational performance capability
- Verification of dielectric withstand

- Verification of temperature rise test
- Verification of tripping operation

Sequence |l : Rated short—circuit making and breaking characteristics

Ability to make/break under short—circuit conditions at T2, T3, T4, T1
Verification of dielectric withstand

Verification of temperature rise test

Verification of tripping operation

Sequence |V : Critical currents

Searching for critical currents
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5)7|El x|
- Real Time Clock : AlZF EHE

Thermistor : F9I2%, & ™
* OP(ME”APWI o) :

- Display panel : Zt &l O
- GPS : &X LHE A
- Ch2 ZEA| PCBoll M
A 2% 40 ~ 70[C]

Rl

- 1% 203 : &2 DC 100[V](DC 70 ~ 130[V])

- 2% &3 : DC + 15[V](DC VT / CT2| MOo{XM&), + 5[VI(PCBXM &)
8) AKX g

Mol d=dctnt 23zt 50[MQ] o[4HDC 500[V] Megger)
g)x-lo|_1|_|.|E=i

HolX@ lizdctnt ofekzk AC 1,500[V] / 1=t

1SR ef S2dtA= HO™MA(DC 100[V]))E B2 2=
o

- Xt Moy F @ gurro Mt Y A X5 FEY
* Power switch enable select s/w : disable ArEH
* Power switch on LED® S (& A)
- e Oz AE ¢ DEEXE(of 0t oIt
- Xt Mah 2™ mE 2 Y ooy 7S
- AKX e = SMukAo] HO{™MY0| OFF=H Atx| LHZHE BATTERYO| 2|3
T&=0{ 5% o|Foll BATTERY T XIEtO| Xt @ LEDES(=44)
* Power switch off LEDES(=M)2 2% X|ed £ power off
J)ALHOA SEtA0 MM YOl SFHX| 2= 492 ol c22RE
- Sagtao| WHEE HiE2(BT
- Boot/Reset switch& &HH +
* Boot/Reset switch LEDE S
* Boot/Reset switch7k ONEl AEfol[A 3 O|& AL FE2I AW A|AH 2|4l
(Ala"ol 2IM 2 Ze Ju7tx] MEE 2 HolH= MEEL A[AREE 7|3}
- CIRE2E ZF ¥ Power switch& =2 power off
« LEDES(=4) 2= M5 F power off

S g ool RXTIE 2TF 5EZF wA

YwWoolIN

Flactric Nachisary Co

- A7 21 EAl & HIGH SPEED CIRCUIT BREAKER(WHB 1512 — 1) version 1.07}
tup =2 ™t

s
- EA| ¢lojel et= / P2 MH YIS0l US
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2) EaagtA H/W MEZH ZHM gl ART WORK

) E23dtA PCB ART WORK ZI&#

) PCB ART WORK2 &£35l0{ M= PCB2} LCD PANELZ #FF & £ U= CASE MZEtZo XhM
) &% Libstof CHH|sto] SukA 22X 3 nbel2E CASES &

n -

(3

3) ZHIA APP, PCEZZ2O3 MAHIIEM ZtA
(1) PCEZ203 % 2HiY APPO| F2 J|58 Ho
(2) S3etA F/W, 28t APP, PCEZ e 2 7|5 H|1

4) DC-VT/CT HAHZ|&EM =t

(1) DSEZXc|o] SMMFE o JIMMUS HESI] 22 etAo| DATAS &25k= DC-CT/VTLl AA

Joll
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HiMo 2 42| AZ2E[E Fluxgate M HMAM gralollM 7|5 M 25t New fluxgateH2lS
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[ DC-VT/CT MAZIZ=AM ]

DC-VT/CT AAZ|&=AM
<DC-CT>

. Fluxgate2| 7|2 <lz|

S &t=(even function)2t 7| &<(odd function)e|] &2|E o|&35t0] 279 X}7|
F0{(magnetic Core)dl MZ BFME 7|ete ME2| Ty S 2lotstys m 2fFof K&k
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o|Met HElo = gh3shE RS HE HAe det2 & £ ot
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[ O3] HNew fluxgate CT 2| SZ&RI2| 22X

NEomEE e e el
NPL-N*L=0 —— (2)
Op—0c =0 ————- (3)
V.
(A*r1) I"‘ﬁl'.;* ?-‘I
L= :".'g = :'._.'a ) Edj

1) T1, T2 AZ| ZHE X5t AI7|H M1, M2X| &0l (a)2t (b)el mHedo| L}Ef:tc),

2) MFMAME Stsk= 14 MR} gls e 7|8 strHAa HdE[(a),(b)]2h L5k,
1% MFRIF A FHMME SohstH et st2HA d&2[(c), (d)]ol LIEIZ| AlZFetCt,

3) E2A HEV|= T strHA HE0HE HESt, EHA HESES s H£EE ol A&
2 MMAIZIZ7] fIs 1A 7ol tisto] ez Ha MFE MF Mo elitstod 2ot
StRUA MBS MIMo=z AZIX|EE M ofgtc,
Z, MR/ MMl X7 Z0{It Zero FluxZt =Sl =5[A(3)], Z7Igts stzHA HdE0H EXfs
=5 A7t E mriX| EM MRE XEH2E JIF AFIEF HMofstot

4) olmf HAMEl MF Ic7t RbE S5 M VcE EHsIH [4(4)]8 S5H0f Neel HAM
ol "|&|sto] 1Xt MFE &ESL 5+ ACt

4. = 5N

1) YHtAQl Fluxgate MF MAM= 3% 2E S =&et 3|25 74510 fe stEdA
ME2 AESHRITH New fluxgate Current Sensor= 7|5tetd #x=& 0|&¢h H|W XN
2tchet 322 HEeto)

2) 1 ¥ez=z2 MRE SYY = U= olF
Fluxgate S&feloll 2lgt A7 Zofe| Lgte| Hets 2 = ZUdsto] tfsh of <
T=Hetll, 2/F XtEel Bilof= =9 2iZstod 1At MFet A MRIL A AXSIEF

SZ5t7| miZolct.
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. New Fluxgate CT o Al
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RIS03F

rke e

Nominal primary current (IPN) +2,000 A rms
Measuring range @ 15V (+5%) +2,500 A peak
Max. measuring resistance @ IPmax&=+15V (£5%) 5 Q
Min. measuring resistance @ IPN &=£15V (£5%) 0.1 Q
Turn number 4,000 Turn
Secondary current at IPN 2,000/4,000 A
Accuracy at IPN@-40~+70°C <+5.0 %
Offset current @ +25°C <4100 uA
Linearity =<40.05 %
Delay time <0.5 us
di/dt correctly followed <50 Alus
Bandwidth @ -3dB <100 kHz
Max. no—load consumption current @ £15V
<20 mA
(+5%)
Secondary resistance @ +20°C <15 Q
Dielectric strength Primary/Secondary @ 60Hz, 5 v
1min
Supply voltage @ £20% +15 V dc
Voltage drop +5 %
Operating temperature -40 ~ +70 °C
Weight 300 ~ 400 g
6. PCB slZ2%
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TE 22E
No. Quantity Reference Part
1 6 C1,C7,C13,C14,C15,C16 C104K
2 1 Cc2 C473K
3 3 C4,C8,C25 C105K
4 1 Ch C103K
5 1 D1 1SS355
6 1 D2 BAV70M3
7 2 D3,D4 SMBJ26A_DO-214AA
8 1 Q1 BFR30LT1
9 1 Q2 MJD128
10 1 Q3 MJD122
11 2 Q5,Q6 MJF6388
12 2 Q7,Q8 MJF6668
13 1 Q10 MMBTAZ28
14 1 Q11 MMBTAG4
15 1 R1 R1004F
16 3 R2,R3,R6 R1503F
17 2 R4,R27 R1002F
18 2 R5,R12 R1000F
19 2 R7,R10 R1003F
20 1 R9 R2202F
21 1 R11 R5101F
22 1 R13 R1501F
23 1 R15 R5602F
24 2 R16,R19 R100ROF
25 3 R18,R20,R46 R1502F
26 1 R21 R3303F
27 1 R23 R2002F
28 2 R25,R26 R3001F
29 2 R42,R48 R3302F
30 1 R44 R3002F
31 2 R45,R47 R1202F
32 1 R49 R1301F
33 9 TP1 ,TP%:)T7F?,PT8FTAT1,PT9P5,TP6, TP-PO 8
34 1 U1 LMV339
35 2 X1,X3 HEADER
36 1 X2 CT_CON
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DC-CT M & Azl

10. DC-CT MsAld

(1) Alg gbH
Al BUS BARO| MFE 2l7tst & CToll £8=s SHS 8l 24
[ EZ1]CTHZ A
CT
MM F M™F
QI7b Mt [V] 100 50 -
oI7} MF [A] 4.9 10 500 ~ 2,700
HMErgr [Q] 20.3 5 -
£ 3l 2,000[A] : 4[V]
ek 7|F= =t} 2,500[A]
Az 27
(2) Al Az}
1) M7 Al
oI7F MF[A] CT MF[A] LAE([%]
4.9 5 +2.0
CT 1
10 10 0
4.9 4.8 -2.0
CT 2
10 10 0
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2) 1MF Ald(MEY MR Fe) U7 =3t 54 43AE
27 & [A] CT H=[A] 2AE[%]
512.5 507.8 -0.9
1,006.3 968.8 -3.7
CT 1 1,612.5 1,453.1 -3.9
2,031.2 1,973.1 -5
2,550.0 2,438.4 ~4.4
500.0 484.4 -3.1
1,006.3 968.8 -3.7
CT 2 1,512.5 1,497.5 -1.0
2,025.0 1,924 .1 -3.8
2,568.8 2,493.8 -2.9
3) 1R/ AME (=t 7 F8)

21717 [A] CT Hw[A] LAE[%]
rSEY _ _ _
Jﬂgl ﬁ = H = ﬁ =

262.5 506.3 265.6 500.0 +1.1 -1.3
531.2 1,012.5 515.6 976.6 -3 -3.6
CT 1 800.0 1,525.0 781.3 1,461.0 -2.4 -4.2
1,068.8 2,043.8 1,031.3 1,937.5 -3.5 -5.2
1,287.5 2,556.2 1,234.4 2,492 .1 ~4.1 -2.5
256.2 506.3 273.4 492.2 +0.6 -2.8
525.0 1,012.5 523.5 984.4 -1.3 -2.8
CT 2 775.0 1,525.0 773.5 1,461.0 -4.5 ~4.2
1,037.5 2,043.8 1,039.1 1,984.4 -3.2 -2.9
1,300.0 2,568.8 1,289.1 2,495.2 -4.3 -2.9
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4. New fluxgate VTS| A}k

==
1) DC-CTe| MHF 2xt&2 7|&EM MAl A Hel £5[%] oluiol S
2) DC-CTe| M7 ==t S4 H3AIY 22 2f 2,500[A]olM zZ=t54 [4S Y
3) =4t Al F TS JHEe =T T Aol B JIEMo MA|
=of A= 2AHE +5[%] Welol SHE
<DC-VT>
1. 7=
2. 5z
1) Vm Hets 55| ol Metel LekXlol Rs Mes 242t oM ojM| E/RE 2255
stil, of =ME MFMAMof ofe{ AMsto ojM M7l vigS Felct MRUAMIL
of MFE FHstH Reo Mets &1 A7 w20l Vmel Hefe| 5ol Jhs3sich
2) Rsoll 22= MRS E0|W DH[MHO| o1 LES AaAd = AUx[eh, M7}
How M7 #ig= =017| flsll n22| M=ot HM MEZel 37(7F HX|[Z] wf2of
= Mol Rsgt MYo| ERSIch ({22 Rs=1[IR]E HE)
3. & =4
S8 0|Ee| K2 HURE 5HY = SH2=2 Rso| AMees 22 5 UL n22| AUFE
A g = Ao et 4 ME e 72z 2t AEo satHez HEgg = qlot

Nominal primary Voltage (VPN) +2.000 V rms
Measuring range @ 15V (+5%) +2,500 V peak
Max. measuring resistance @ VPmax&=*15V (+5%) 100 Q
Min. measuring resistance @ VPN &+15V (+5%) 10 Q
Turn number 1,500 : 1,000 turn
(1,000%(2,000/1M))
Secondary current at VPN A
1,500

Accuracy at IPN@-40~+70°C <+5.0 %
Offset current @ +25°C <+100 uA
Linearity <+0.1 %
Delay time <2 us
di/dt correctly followed <10 V/us
Bandwidth @ -3dB <50 kHz
Max. no—load consumption voltage @ +15V (£5%) <20 mA
Secondary resistance @ +20°C <100 Q
Dielectric strength Primary/Secondary @ 60Hz, 1min 6 kV
Supply voltage @ £20% +15 V dc
Voltage drop +5 %
Operating temperature -40 ~ +70 °C
Weight 300 ~ 400 o]
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5. PCB 22k

155353 y 22
L = L es ade
cazan PESTEIE SRS RE 1o

)l | T
g 1 l:
. EET B L

)

-
DC-VT =
6. 2 2|AE
No. Quantity Reference Part
1 4 C1,C7,C9,C12 C104K
2 1 c2 C473K
3 1 C5 C103K
4 2 C6,C8 C105K
5 3 C23,C32,C33 1uF_1608
6 3 D1,D02,D3 155355
7 1 Q1 BFR3OLT1
8 2 Q4,Q6 MMBTA28
9 2 Q5,Q7 MMBTAG4
10 2 R1,R7 R1004F
11 4 R2,R3,R6,R34 R1503F
12 2 R4,R24 R1002F
13 2 R5,R12 R1000F
14 1 R9 R2202F
15 1 R11 R5102F
16 2 R13,R22 R1501F
17 1 R14 R3302F
18 1 R15 5602F
19 2 R16,R26 R3002F
20 3 R17,R19,R31 R100F
21 2 R18,R20 R1502F
22 1 R21 R5003F
23 1 R23 R2002F
24 1 R25 R4700F
25 1 R30 R10ROF
26 1 R32 R500F
27 1 R33 ROROF
28 5 TP1,TP2,TP3,TP4,TP10 TP-P0.8
29 1 U1 LMV339
30 1 U4 TPS60403DBVR_SOT23
31 1 uée MMBD4448HCQW
32 1 X2 CT_CON
33 1 X3 HEADER
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(2) A" Z3}

1) M Al™

QI7F Mt VT V] LAE[%]
100 103 +3.0
VT 1
50 52 +4.0
100 103 +3.0
VT 2
50 52 +4.0

[ 38 2]

DC-VT AT Al At

2) DXL AFE VT XM EM HBAH

b

AT V] VT H V] 2xtE[%]
540 520 -4.0
1,080 1,060 -2.0
VT 1 1,640 1,620 -1.0
2,160 2,140 -1.0
2,840 2,820 -1.0
500 500 0
1,060 1,060 0
VT 2 1,620 1,620 0
2,180 2,180 0
2,860 2,860 0
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RES I -
o ﬁ:;j [A'] 217 1EI2H V] VT E2HV] oA [%]
540 520 -4.0
1,080 1,060 -2.0
1,640 1,620 -1.0
VT 1
2,160 2,140 -1.0
2,680 2,700 +1.0
2,840 2,820 -1.0
1,200[A] 520 520 0
VT 2

[ 22 3] DC-VT &AH 2 =7 714 Alg AR

(3) 2&
1) DC-VTe| Mt 2A82 7I&M HMAl 2%t &
2) DC-VT AHdl §4 HSAIH

+

glol 54 =

+5% O|Ujoll EHE

o | 23}
oo, 1 olyel Mgt 5%
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) DETAET| S HFAHIIOl A £= W Mol MES MAIZ 28 U MAlzioz
HolE S MashFe FA
i) Sutaol PCBAIA 2 ART WORKS| 2t2 et 8P 1% WZo| F8S Matstol 25 vl

i) YA 2 24E &A(MY, DC CT/VT, THERMISTOR &2 £3)& 3=
i) e3gtAol PCBAA 2 ART WORKS| etzet gt 1x Axoll 382 Mzrsto] £E HAM 9
MZ A
2) SYuA A[AHIS] ZolT| MSAlH
(1) EMC A"
i) AMELX 0 2019.05.22 ~ 2019.05.28
i) Algd7|& @ SGS KOREA(T =)
i) Al®E ¥ : Black Box for electrical equipment for rolling stocks with Power Module
iv) 22 % : WBB-2000(Black Box) / WPM-2000(Power Module)
v) AME #24 : EN 50121-3-2 : 2015(KOLAS 21&)
vi) A&A HS © SGS-E19-0030
(2) SMEtA AAHR AT EQO XNEHSE
i) BEYUA AAH F SubA HOof, PCY|E =208 2Hl APPO|| Cist AZEQof M=EHA
SE8 st 2ZEQoje HE|E FEStL J|ls W et 259 S5
i) SE7|8 @ 3H=F2TEQ oK EHHE 3| (SPC)
i) SSYA © 2019. 12. 13
iv) 5 2ZEQof ¥ & SFUS
Tz LEZEQof SE#H=
1 SaatA H o] v1.0(BLACK BOX FIRM WARE v1.0) C—2019-040485
2 | 23utA zotel o{E2|#H 0l v1.0(BLACK BOX Mobile Application v1.0) | C-2019-040486
3 | E3duA pCogt =20 v1.0(BLACK BOX PC-based Program v1.0) C-2019-040487
3) EutA A|AHIS E5 &8
(1) S|EA AAR 55 &¥
i) S5{HE @ AFIHHEXE loT 7|dte| S=HutA A[AH
i) &2 35 : 10-2019-012984
ii) &g 2019, 10. 18
3XtA =
1) E38A AARIO GS 1853 ¢85 &5
(1) GS(Good Software) 21&E2 ~ZEQofof sl 7|sHHM, dsE8M, Eotd S o8] JHx]
Aso et A2 Sl AZEQof 2o et M8 E S5t Algoln JtE =2 S3¢
158 52 sof S3uA AAH et FE2E LS
(2) 2T AlE HE
i) Al 713 TTA(RI = ESAY| s 3])
i) ZZEQ0 ™ : Black Box firmware v1.0
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4 | HAMAMAVdAc] 24, 48, 72, 100, 110 IEC 60077-3
5 | MEIEFIA] 450 ~ 2,000 IEC 60077-3
6 | HAXCHSE{KA] 30 IEC 60077-3
7 | & 3 Z&A[mm] 25+0.5 IEC 60077-3
Al &=
1| L3 xF HEEH 7|F HEfAL 22
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9 | HoAXEAlY 7|&E%| o|Ly IEC 60077-3
10 | LWHAE 7|&%| o|Ly IEC 60077-3
11 | 7 MER =N MEXMF £ 5[%] KS R 9158
12 | 2ZMEAE 7|E%| o|Ly IEC 60077-3
13 | MS/ZHAE ol uE IEC 61373
14 | 2E/2EAE 4ol g I[EC 60062-2-1, —-2-2
15 | AICH2EAH ol s IEC 60077-3
16 | LANF 2ol s IEC 60077-3
17 | 71AX H7HEAIE 20243 KS R 9158
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= =1 =
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(4) SHOCK ABSORBER PART

[ 28 4] 28 HdZe| DHEXIEI| SHOCK ABSORBER PART

(5) ARC CHUTEZS| M5 skat

[ O8 5] 28 Adze| I&HEXEHT| ARC CHUTE

aonaz0004s
Record of Test Results
TEST OBIECT DL circuit braaker
B 151

DC1500¥1200 A 30 kA
APRLICANT WWOOIN Electric Machinery Ca. Lt
8 Tgokiro L-gll, Sackmysan, Gaesan-gun. Chungensengiokdo, Kores

MANUFACTURER  WOC.IIN Eléctric Machinery Co., Ltd
9.1g0k10 1, Sark-myesn, Goesangun, Chungsheonghuk-do, Karea

DATEOFTESTS 20200313

ISSUED NUMBER  2DE2I004E

The 1eses have boen crmied 5ot in aEcordance with spalicant's instruetions.

This Récord of Test Kesults applies anly o the sast aject

This Record of Test Results can bie used for Inforrmation only.
This Recors o1 Tast Report comprises 21 sbeats n total,

142 eprcon e 5 a1 ek et ottt st it pevmis i Vo KERT: SRt 65123 are

T Ha 20% 5

Prepared by Approvedby
Han, Jong-hoon Mechnical managen Jung, Heung-saa
Date of issus 2020-02-19
President %mcﬂ Myl.»
YO TGOy T s A Braneh
L2 BUlTST-16,10 e 1 012587 Chamgon 1, anggis, San b g, s
RESEARCH INSTITUTE ., 522 s 11 rio »atos it TEL 482 30 A0, T 40331 040
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SGS

F
SGS Korea Co., Ltd. Dongtan Laboratory

|2 MY

SGS  TEST REPORT

Report o sesR20-1816EN0D
OnderNo.  : DIRC2004000657V1
Roplcant + WOOUN BecsoMashoary Co. it

9.Igok o, 19, Sarmpeon, Goessngin, Chungshecngbukd,

Product ©  Hign Speed Crout Sreaker win Embecded Siack Bfoptons)
ModelNo w12

DateofTest  : Moy 14,2020~ May 15,2020

Standard Shock and verason tet (Category 1 Cass )

Test Result

Use of Report

Testedby Technical Manages 7
Asfamation /
Nama  Kim Yeungin Name :An Hyoskyung,

Moy 27,2020

[
SGS Korea Co., Ltd. Dongtan Laboratory:
ey KOLAS e HORER

I
SGS Korea Co., Ltd. Dongtan Laboratory




OC circut-breaker
WHE 1512

207011, 207012, 20TA14, 20T 15, 207016, 267015, 20007 and 20098

-ray 1-gil Sa
Gogsan-gun, Chingd

rhmpEon
heongboked, SOUTH KOREA

12 to 22 January 2021

@ nstitust L Priffeld fir eleictrische Hochlaistngstechnie” Gmbs
T

Landshorger Allne 3744, 12681 Borlin, GERMAS

Gul of Test sequence || General performante characteristics
{using three test samgles)
« Operating limits
+ Tempersturs rise
Dietectric propertizs
+ ©perational perfonmance capability (with current enly)
= Verffication of diclcrric vethstand
 Verffication of taneparaturs rise
= Verifiation of tripping operstion
Out of Test sequence iI: Rated short-gircult making and breaking capacit e
= Absility to make ard broak under thort cireut conditions at time eonsants
T2, T3, T4 and T1 using separate test ssmples for esch time eonstant
 Werification of diedectric withstand
 Merification of tersperature rise (with 1est sample 207011 after 73 an y)
= Wesilication of tripping operation
Test sequence IV: Sea-ching for cr

| currents

Clisnts request “ollcwing
IEC 60077-3 201310

28 March 2021

Renald Boeshmt
Aporevnd by

il

B

[Lrs

CES

Trust the Power of

[ O8 9 ]

Experient

il 2l =el7

el Zolelsr|at xtet MSAl® (IPH-CESI)
1PH_}
Report

TEST REPORT NO. 11292-21-0023

IPH ||

BERLIN

SHEETS

1. Present at the test

Mr  Christian juraschek IPH test engineer in charge

M. Rainer Borchert IPH test engineer

Mr, Jens Berchner IPH test engineer

Mr. Sung-Hoon Che ‘Wodjin Elecinc Machinery Co, ltd.
Mr. Eunjun Lee ‘Woojin Eleciic Machinery Co. Ud
2 Test perfo

Qut of Test sequence & General performance chamadternistics

* Operating limits

« Tempersiure rise

* Dielectric properties

»  Operstionzl performance capability (with currert onfy)

* Verification of dieledric wihsiand

* Verfication of tempersture rise

* \erfication of tripping opemtion

Test seguence i Rated shori-circuit making and breaking capacities

* Apility to make and break. under short-circuit conditions at time constants T2 73, T4 and T1 wsing
separate test samples for each Tme consiant

* Verification of dietecric wi d

* Verfication of tempersture rise ftest sample 20711 after T3 only)

= Verification of tripping operation

Test sequence IV, Searching for critical currents
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Black Box Main Body
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Total 14 Pin

Black Box Fower Module

BOOTO

VREF+

HH-1M1802-500.T
YL ¥DD MCU

VDDA

I

VEAP_1

SYS_JTCK-SWCLK
SYS_JTMS-SWDIO L

PH10SC_ouT 52
PHIVOSC_IN

YN 4
FB4 HH-1M1608-80007

STM3ZF420BGTE_LOFP208

CPU Control Power {(3F) )
2\' Battery lor Gharging S— 15 y-Trip
GBT Control Signal (28)
VT/CT Input (3P) ik
(T1)
S
Built in ambient
temperature sensor |
¥ Thermal Sensor Input (6F) i i O T
Main Contact o
; L\Tz}
Temperature sensor s\ _
. . OP 1
Flexible Bus bar T‘a“-.l /,-
[emperature sensor — 7
i
T4) opP 2
R //
VT iy
.",. T
. cT =
H.S.C.B Main Body —-
- SYgA B2A 2R
usa
vegavs PDR_ON nrsT |t swerr————) MC_rRESET

CPU PART 3|2
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VECava VD_SD2.3
s}
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YT FMC D[0:15] < S
N y R2E 5
VD_SD33 i
u11
FMC_SDCHED a7 15 FMC_NBLOD
FMC_SDCKED S CKE DOML 55— T
FME SD0LK FMC_SOCLK Eb R oL | 28__mc NEL
FMC_SONED 2y o8 nao [ ——Fet—
FMC_SONWE < =i -DINFFF 35 WE DA FE—Fuc o7
FMC_SDNRAS < SR T BAS bz | o—e
FMC_SDNGCAS <= = CAS DQ3 5
Dod
FMC_BAQ 2y sao % Das
FMC_BAT H 241 Dce
FMC_ 412 22 .0 n % E
—— W AT 4] Ex
EMC_ATD 350 A1 3 e B
FMC_AT 261 A2 DA o
EMEC_AB 20| A2 w Da11 s
EMC AT T [ = e
Fige Ao AB Dats [
; = o
g voDa 3 £ VD_S03.3
VDDA W
A vooojas
———————————— ¥ A12 ¢ vooo
WD _spad 27 [
C VDD VE5Q
VD S03.3 { ‘?E Voo VES .:é
= vDD VSSQ fFes
54 vssQ
Y vss
‘z‘é vas ne [
= yas =
1542516160G-TTLI
FMC_ADZ] <) o——— FMC_NBL[D:1] &
SDRAM PART 3 2%
V_RTC_3va V_RTC_3v3
1 C137
—1— 01AuF R113 R114
4.7 47K
E R115
4 TH
uzs
2 16 e g
VCC SCL <P 12C3_RTC_SCL
3 15 v filois
»——4 INTISQW SDA {>»12C3_RTC_SDA
i =1 4
HA—Y 32kHz RST
14
WBAT
5 12
W NC1 MNCS T(
*—=Q NC2 NCE g
X—gfnNc3 S NeTpg X
X—4NC4 @ NCBEp—
M DS32IISNE
V_RTC_3v3
o7

R116

h ATETI

oR
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BAT1
BAT-HLD-DD1-THM

b deld

BAT2

]

BAT_CR2032

COIN BAT. PART 3 2%
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il < <Part Numbers
us TP_PGE .
s SLE7O4ET-4RTMPRO-PF
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— 3 o s
£ J:T‘— 50057 Ve 36k
0.47uF 4 s
sw =
4 7 —
vIN o P& i
s
rutiss & svne 2 i !E LED_GREEN_2012
2
A Numbers
3 =
B werAzacTIG R7 ]
B34k » 181K
cas
e [ ohrotwr
c2e
88cps
=
LT3693 PART 3|25
5
3
%
5 —=
RS485 & —
debug_232 ey 53
Soug THERMALZ £ L 5|
G
WIFI ETH_RxPD XS 7
ETH_RiNO ,Z 2
Ethernet
v_s1m
AR

S2APL

CONNECTOR PIN PART 32%
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F2 BE 2[AE(BOM)
No T 2 = 9
1 BATTERY BAT_CR2032
2 BEAD BEAD30/3216/3A
3 CAPACITOR 68pF
4 CAPACITOR 100pF
5 CAPACITOR 470pF/50V
6 CAPACITOR 680pF
7 CAPACITOR 0.47uF
8 CAPACITOR 1uF
9 CAPACITOR 0.1uF/250VDC
10 CAPACITOR 47uF
11 CAPACITOR 4700pF/2kVDC
12 CAPACITOR 0.1uF/50V
13 CAPACITOR 47uF
14 CAPACITOR 100uF
15 CAPACITOR MF 0.01uF/630VDC
16 CAPACITOR 1000uF / 35V /ECS_12.5PAl/Radial
17 CONNECTOR 10150-3000PE (50P SOLDER PLUG)
18 CONNECTOR 10250-52A2PL
19 CONNECTOR 10250-6202PL
20 CONNECTOR 10350-52F0-008 (MDR 50P PUSH EJT)
21 CONNECTOR 200529-0040
22 CONNECTOR 53261-0671
23 CONNECTOR 629104190121
24 CONNECTOR FH12-335-0.5SH(55)
25 CONNECTOR SMW250-04
26 CONNECTOR SMW250-05
27 CRYSTAL 11.0592MHz
28 CRYSTAL 24MHz
29 CRYSTAL 25.000MHz
30 DC/DC CONVERTER PXB15-24WD15/N
31 DIODE 1.5KE150CA
32 DIODE 1N5406
33 DIODE MBRA340T3G
34 DIODE RSB6.8SM
35 DIODE SM712
36 DIODE SMBJ24(C)A
37 DIODE SMBJ5.0A
38 FILTER CM1422-03CP
39 FILTER DLW21HN900SQ2L
40 FILTER PA2752NL
41 FUSE 1812L200/16
42 FUSE FUSE 250V 1A 20mm
43 HOLDER(BATTERY) BAT-HLD-001-THM
44 HOLDER(FUSE) BI-F520
45 IC LM1117MPX-3.3/NOPB (IL1117 3.3V)
46 IC 74LV4051PW.118
47 INDUCTOR 30268
48 INDUCTOR NRS4018T 2R2MDGJ
49 INDUCTOR SLF7045T-4R7M2R0-PF
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No T = = 94
50 | INDUCTOR SRP6540-220M

51 | LED LED_GREEN_2012
52 | LED SP172DBW

53 | LED SP172UHY

54 | RESISTOR 5.23K

55 | RESISTOR 19.1k

56 | RESISTOR 301K

57 | RESISTOR 63.4k

58 | RESISTOR 536k

59 | RESISTOR 5K

60 | RESISTOR 19.1k

61 | RESISTOR 50K

62 | RESISTOR 63.4k

63 | RESISTOR 536k

64 | RESISTOR 56Kk

65 | SWITCH TACT-NW3-A06-B6A
66 | TERMINAL BR-350C—2P

67 | THEMISTOR NTC 5D-11

68 | VARISTOR MOV—14D241K

69 | VARISTOR V26MLA1 206N

70 | VR AD1582WBRTZ-R7
71 | ADC AD7366BRUZ-RL7
72 | AMPLIFIER AD8021ARZ-REEL7
73 | INSULATOR ADM2682EBRIZ

74 | IC AP2111SG—13

75 | MOLMGE AX6901FR

76 l(\:/lg?wggeem ot BQ25890RTWR

77 | CLOCK DS3231SN#

78 | TRANSFORMERS HX1188NL

79 | DRAM 1S42516160G—7TL|
80 | IC LAN8720A

81 | IC LT3693EDD#PBF
g2 | DUALINANSMITTER MAX3232EID

83 | MPS MP2012DQ

84 | IC SC161S752IBS,151
85 | MCU STM32F429BGT6
86 | TRANSISTOR TIGO65E8-TL-H

87 | INSULATOR TLP152(TPL,E)

88 | INSULATOR TLP291(TP,SE)

89 | TOUCH IC TSC2017IYZGR

90 | USB Phy USB3300-EZK

91 | WIFI MODULE WF121-E-V2

92 | 2GR XC6902N331MR-G
93 | DC-DC DCM3623TASN26B4T70
94 | MEMORY SDINBDG4—64G-XA
95 | GPS MODULE KGMA4646XS5

96 | LTE MODULE ME—171KL
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TEST REPORT

Repart No_: SGS-E19-0030  Paye(1 /31)

1. Client
1.1 Name : WOBUIN Elactric Machinary Co., Lid
1.2 Address * 8, Igok-1o, -9, Sarkmyeon, Goasan-gun, Chungeheengbuk-do, Republi of Korea
1.3 Date of Receipt - Fbiary 14, 2013
2, Tost Sample :
211 Product Name : Biack Box for electrical aquipmants for 1aling sto6ks with Powsr Module
2.2 Model Name  WBB-2000 (Black Bow) | WPI-2000(Power Module)
4. Date of Tast : May 22. 2078 = May 26, 2018
5. Tost Mathod Used : EN 50121-3-2:2075
& Testing Environment
&1 Temp, (Winimum 20,0 €, Maximum 24.7 )
.3 Humiclty {Minimum 24.0 % R H. Maximim 47.0.% RH )
6.3 Armospheric Pressure : (Minimum 1010 ifa, Maximum 1025 #)
7. Tost Rasilts : Refst I Page 2
8. Measurement Uncertainty : Refer (G atiachment
The confidanc leve Is 8bout 96 %, k= 2

1) The sesil i this oot mopo e effcko anly i th s fnsis
2)me e

Testhy

Tachnical Manage:
Affmation

Tea
hie

S8GS Korea Co., Ltd. Gunpo Labnril
4,050 thZsecngil Gurpo-s, Gysongo-c Krse, 15607

Tarmarks

a0

13 ] EMC Al AXAM
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