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Abstract

A high energy arcing fault (HEAF) event occurred in the high-voltage (6900V)
metalclad switchgears at unit 1 of Onagawa Nuclear Power Station (NPS) of the
Tohoku Electric Power Company Co., Inc. on March 11, 2011 due to the
Tohoku—-District Off the Pacific Ocean Earthquake. Not only the affected metalclad
switchgear but also those connected to it were damaged due to the arc energy and
it also caused a fire that influenced the safety function of the unit. Similar
HEAF events, although their impacts are different from each other, have occurred
in the electrical equipment and components in the nuclear power plants (NPPs)
worldwide. Therefore, from the safety regulation point of view, it is necessary

to evaluate the influences of HEAF events on the safety functions of NPPs.

In order to investigate the HEAF event progression and well understand the
phenomena involved, Regulatory Standard and Research Department in Secretariat
of the Nuclear Regulation Authority conducted a series of experiments (HEAF tests)
where high—energy electric arcs were generated at the facility simulating the
design and operating conditions of the high-voltage metalclad switchgears at unit
1 of Onagawa NPS. In addition to this, to obtain the HEAF characteristics of the
major electric cabinets used in NPPs, the HEAF tests were also done for other types
of electric cabinets, such as low-voltage (480V) distribution panel and motor

control center.

As a result of the tests, data have been obtained on the threshold values of

the arc energy above which an ensuing fire takes place for metalclad switchgears
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and distribution panel, and on the characteristics of high energy arcs occurring

in the major electric cabinets

This report summarizes the information on the arc energy characteristics, arc
energy values above which an ensuing fire takes place, and the zone of thermal
influence due to HEAF events obtained from the HEAF tests, and discusses the reason

of the constant arc power for three different electric cabinets
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Fig. 2.1 Demage of metalclad switchgear caused

by HEAF event at Onagawa NPS unit 1
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Onagawa NPS unit 1
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5 3177,

#3. 2 HEAFRBROFHHIEE —%
Table 3.2 Measuring items of HEAF tests

stAIEE itAE® ik
1. EEERRER =217 —-RU BEERUERDOERZRBRL TS,
7'_91*}b¥_’&§+g3-60
2. BREREN EREASBAOREEICAHYT | EEZEREMN ATF1-YEHEVTERE
3HRz8/3, ROENZRETS.

3. ERBRABEORE EREATRELET7—I | AF5770')X—%%NUREG/CR-6850(83)
ENEANOEEICEHTS | TRESNIZ0(E7. 18R)IDEREL
MRz8/3. ICRELTRAERZNZET S,




3. 6 HEAF RBRICAHW =B

3. 6. 1 REBREBEOEERVOT —7 KEORAENE

EEEFEA - L TlX, General Electric fhil~ 27327 7 2 NEWranZ2#5# L7~ EIH
METHY 15O L O LIZXFRBUC /25 X5 ITBNOEEEZ/NSeE LTz D%
iz, &I 1 5% kwTHMF#%ELth BIRARIE 10 ETH - 7208, RBR %
WZITESNZ BT AR S HRNCHIBRD & 5 7=, =D LR TH 5 5 o & EEFE A H v
77

I EEPAE (RE 2, 133mm, A5 : 914mm, &S ¢ 2, 286mm) DREIEN T — 7 HED
ANCEZ X 3. 41TRT, A m LB O E RS EILEE 6900V & OVE mzmmf%éﬂ
A ENTERSAE N B 7000~T7100V K OV 2. 3kA D1 D & LT HEAF iR &2 1T - 72, &
JEFBFE~OTE L, B0 D AR K 0 ifE &b, KRR ISR N C IR E R
B L TR Y | 2 ORE R O O —RMANZE ) BHEAE S SIS o T
Do

MENO L7 v, BB OBGTM THL Y L— A—FFEIZHO O TWD Y
FAFw VFR N —T N Th b, 7 — 7 i e BN O g O — Al o 7
N =y AREEBRCRAESYE, T—7EIX, 3. 40L BV IEEE It~ T &
ERHRICEBES & EZ VA YU 7 Lctk, £33, 1 ORBREMFCRERZ I L =M%
KDL L THRAESHET,

M3 1HI| T

il |

EE@EE%HE&% EEOREZRAT=REORIEE

3. 4 RAERCHWZEEBFRZ
Fig. 3.4 Metalclad switchgear used in the test
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3. 6. 2 EBROBEROT—7HREORANME

BlEEds & U Cld, KE DR IFEATE TR H 4TV 5 General Electric
F18E APN-B & H\ 7z, BldEAE (FF : 889mm, #H : 1, 143mm, & & : 2, 286mm) DFEE & Y
7 — 7%*@%$&%%ﬂ3 5177,

AELEMEO ERMEIL, BT 480V VBT 3. 0kA Th 5, BLEM~DOEIIL, Mo
B ACERERRIC i@ﬁ#fnéné Flo, KPFRFIITEN CEREMRICER L TBD, 20
WEERHRN D EIZ 3 EOT L — B IZE NG SN DS > T D,

MENOE/2RINL, 7L —TOMMTHDITITAF v VI N r—T NV Thb, T
— 7 B FEICERE L Cd D 7 L— b BRI E Ry CRAE S, $-,
T — 7 EOFATET, SmEEREORBREFE T TH D,

IEH

__T____

| I N T N

I

I PP Y
o
I

B13. 5 FBRICH BB
Fig. 3.5 Distribution panel used in the test
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3. 6. 3 ET—Farybu— e FXOEBERNT —7 HEDORAENMNE
F—Zarbhu— ke LT KREORFHEHHE T RIHEHR ST
% General Electric f£3 Series 7700 MCC Z A7z, F—Xar bu—i¥ % (it :
508mm, £ : 508mm, = & : 2, 324mm) DEEKR NT — 7 EORAEMEZK 3. 6 /77,
AKe—Fary bu—trZOEKREIL EE 480V L OVEN 0. 6kA THDH, E—H
ay hr— b ZA~OBENE, BHPOAERRIC L OGS D, Fio, AKERER
RN CEERARICER L THB Y | ZOEERREN G EIZ 5 HO 7 L—DIZE 153G
SN HHEEIZ/ > TN D,

MENO TR0 BINE, 7L —IOEMTHLTTAF v VRN —T NV ThD, T
— VI R ISR E L T D7 b —h ORI R E R CRAE ST, £,
T — 7 EOREITTET, mEEREORBREFE L TH D,

RS (EE) TL—hEM (EE)
§4f"f“2.;f L Rl ke
| (e i | (e
& 0 W |0
\@ i ?3 EERR
SR | Ul | B
@ nlnlz’E
N oavuoy| bl (g0
= E F—hREE
4 Il a///
8] I
e sl
TL— \ _
=L

X3. 6 RERICHW-FT—%ar o—LE#

Fig. 3.6 Motor control center used in the test
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3. 7 T—7RBOMSRE OB EM

HEAF GRBRIZI 1T 57 — 7 BUE Ok R 3 22 o B RS RH OREEIL. £ 1 548
TOEWERICH T 2 MBI EROREMWEFR T 2.0 A RKAEL Lz, 72, EREK
DHEIZ K 2 EWrEIEOEN DO FREMEZ B E L T, —HEBRTIT 3. 0 ITRE LTz, &
B2, mEEREICOWTLEMTHIEE oML 2.5 OB bITo7, ok, &

BRI TR — 7 BB ORkE R H O RN, 7 — 7 IR EAE L TWERRTH 5,

3. 8 T—7ZFNFX—0DFE

HEAF RBRICB T 27 — 27 MEO= X —E (J) 1%, 3 ERIEL 0 b Byl (G
) TRIE L7727 — 7 ERAROBEME (V) LERME ) 2 L7 —27 30— W)
27 — 7 IR O/ (s) 2T - =MHAFHORBEMEE L,

3. 9 kKoER
AREWHRETIZ, T— 2V ENREL., 7T — 7 EBOETHRE LTS BRE DEEY
UTFT T8t a—2Lb] EW9),) ORAEBIENTREAET D AKE [7—7 k) &

EF LT,
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4 HEAF B R
4. 1 =BESERE

5 # O & JEBRIRAZ 2 T, BBEAE 7000~7100V, 4548 B 22. 6~25. 0kA K& UV
IRefE] 1.0/2.0/2.5/3.0 B & 7 — 7 IR AR E L CRIE L. 6 [Bl0> HEAF 30k % i
L7z, mEEHEEO HEAF SRR 2 05 EZX 4. 115RT, OB, @1X7 —7 K
ERAOBH (0.2 %), @OIXT7T—27E - @Rt = —LFORAE (2 %) K&
V@7 —7 k% (10 %) OBEETHY, FROERIAIZTXTHDH, @TiE,
T — R 2 — LDEPMENICINE U 2T 5825 FEBE 0 BRI A VY L
TWAZENmNnb, @TIE, BRE 2 —LAERKREICEELTWDZ NN D, 7
— 7 KEIEXT — 7 FEND 5~T DHRICEAE L, BT 2mEERE R OEE LA N
=T N WK EFIER I Uiz, 7o, HEAF SBRTE O & E B O RBLUZ DUV T
W, R4 1R,

@ FHERAT Q@ 7—UMEREOER ($90.28%)

@ EREa1—LFEORE #28HKR) @ 7—U KK #1053#)

4. 1 &EEREO HEAF R
Fig. 4.1 HEAF test of metalclad switchgear
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e FEEIFAZ O HEAF SRS RO —E 2 £ 4. 11RT, A HEAF 3882 % 6 [B]5 00 L /=45
R, 4 BIORERTT — 7 KIENFAE LTz, A HEAF iR CHWmEERBEOSL G, 7
— 7 K$KIF42.6 MJ TIFFAETT, 57.2 MJ THRAELLZ LD, kKENFET LT —
7 TR X —DENFIE 42, 6~57. 2M] OITHFET D 2 LB REBIND,

F4. 1 @EEPFMEO HEAF #UBR R
Table 4.1 HEAF test results of metalclad switchgear

j;ﬁﬁ BE (V) Bk (kA) 77— BRI (s) Ig}—b;_ 7';‘1?
HEAF | SNEfl | UM+ | EiEfE Kl B =ME | W)

B8 BISHME' | 487"

1 | 7100 | 609 | 226 | 295 | 226 2.0 20 426 | =
(50Hz)

o | 7100 | 608 | 235 | 305 | 235 3.0 3.0 582 | B
(50Hz)

3 | 7100 | 633 | 235 | 208 | 226 3.0 2.9 642 | B
4 | 7000 | 726 | 250 | 245 | 244 25 24 672 | B
(60Hz)

5 | 7000 | 639 | 250 | 244 | 257 25 23 572 | &
(60Hz)

6 | 7000 | 882 | 250 | 246 | 214 1.0 1.1 26.5 | ®
(50Hz)

* PREVEEE O FRMETY, s« =ZFRE GO TR, e BHEME (V) ERE () RO7
— 7 JREEOREIRER] (s) ZF U ZMAEFOT — 7 =30 X —OFREHEAE

RER 120D 3 ORBEHMIIAEEBR LT —F a2 b —LEH L[E U 50Hz/2250MVA

AR 4725 6 DIEFEMIT 60Hz/1000MVA
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4. 2 EES
Ea'a%ﬁ&%mb\f LA 480V, G EE 52. 3kA M OVERSHEER] 2. 0 B0 & 7 — 7 Il
Sl UTRE L, RIS T C 3 [8]0> HEAF 3Bk % 920 L 7=, B@EA% D HEAF 3X5R 1
@53%. X 4. 21257,

Q@ ERE1—LFEORE (1K) @ 7—O KK (#1057%&)

4. 2 PFElEME O HEAF 3R
Fig. 4.2 HEAF test of distribution panel

OIFFRERAT. OIX7 — 7 ER OB (R 0.1 %), OIX7 —27 MEX VDT —7
MEOBTRAELLE&RE = —LEDRE (1% RO@OIXT7—7 K% (810 4
%) OFEETHL, QRO TIE, 8Bt 2 —2ZRNBANICILE Y X3, —Eiast
NRAZNVLTWD Z ERG0D, T—27 KKiE, 7T — 7 RERED LB BICRAEL,
#9020 Sy fIMkeE L7, F72, 7— 7 KERRICIE, FIRFICKEOIRWE S IAE LTz, 7ok,
HEAF 5B OFLEME ORI OV TIE, k5 1T T,

BlEEAZ D HEAF RBRAS R D — B2 £ 4. 2187, A HEAF B % 3 (015200 L 7= #& 5.
2 EORERTT — 7 KFENFAE LT, A HEAF RBR CHW-ECEBR O, KKITT —
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J T XX —26.3 MJ TIEFERET, 7—27 = x/¥—28.6 L N37. IM] THRAELT,
ZDOTOAREEHOGE ., KEBBAET DT — 7 THLF—D5MIL 26. 3~28.6M] D
MUCTFAET B 2 E NN EN D,

T — 7 OGRS L Cld. A HEAF SREROREME 2.0 BTkt LT, 2.0 #[H
Mt L CT7 — 7 B ERAETE O 1 EORATHY ML 1.4 UL L5 TT —7 ik
BITWHIR L7z, 205 2 FORBRICHOW TR, 7 — 7 B3 A BT O T B AR A K
ELMHELTWEZ LD, ZOBRICE > T, 7— 27 &L 2. 0 kT2 2 & 23

TEX ol bDEEILND,
F4. 2 FElEMEO HEAF 3B R
Table 4.2 HEAF test results of distribution panel
!EF BE (V) & (kA) 77— BHERERR (s) 7= | 7=
Wi | REM | EAE | BEm | xwe pem | mma | o | KR
BAsGAE** | $8THE
1 480 404 52.3 43.3 30.0 20 1.5 28.6 -1
2 480 394 52.3 38.4 316 20 1.4 26.3 i
3 480 416 52.3 414 320 20 20 371 5

FEEHE: 2250MVA/50Hz

* BRI O SERME Y, *x = FHE T O SZEHIE -
sk BIEME (V). BIRE (A ROT — 77 EOKGER (s) 2FU-=MAdtoTr—r=
KX —DOFEREAE
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4. 3 EF—Hzarviue—nk#
E—Har ha—)L X EHWT, BHEAE 480V, FASEIAE 63. kA M OVELAS IFH]

2.0 a7 — 7 ERASME LTREL., FSMTT 4 B> HEAF Bk 2 36 L7-,
F—Farhu—)LtrZOHAFRER 2 DEEZE 4. 3125757,

@ FHERAT Q@ 7—UMEREOHER ($90.2 %)

@ EREa1—LFEOEY (£90.5#1%) @ EERMEFORE 28K

4. 3 E—Fzar ha—/)L&r &0 HEAF R
Fig. 4.3 HEAF test of motor control center

OIFRERAT, OIX7 — 7 BERAOB (] 0.2 %), @IE7 —27KE - @t =
—LEOER (] 0.5 %) RO@IT@BmEEDRE (2% OFETHD, O
T, E—Farbn— b ZOERPEEL, RKEOGBE 2 —AEREH L T
DT ENGMND, OTIE, KEO®BHESD, BT /LN (BiiE5.5m X &3 7. 0m)
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DEWIZIEN -T2 2 LNy D, 728, HEAF BT —X 2 ho—Lkv o 2 odk
BLUZDWTIE, ATk 6 1R,

F—Zar hr—tr 2O HEAF BB RO—E L2 R4, 31T, 4 BEEREE
FE L7223, 7T—27 KRIT—ELRE Lo le, KEPEAE Lo RAE LT
T — 7 EORGRE RN o 72720 (4 ElEd 0.9 BT, 207 — 27 = 3)LF—
WL DRABIRDNE Dol b RNE—% 3y ha—/bt X DERNPTFTNTZDIZ
T— 7 BERARHTHHR L, BE LT EA EOB T L X =~ S =2 &
T, KEPBAET DIZEBNDOIRENEGLS ROERNPSTZZEENEZILND,

#£4. 3 FT—Xar huo—/It XD HEAF RERGEE
Table 4.3 HEAF test results of motor control center
E-5200 BE (V) Eik (kA) 77— BRI (s) =9 7=
a-ess TaNF— | K
HEAF | Brefll | e’ | EEG 8 mesw | om0
bl B | #TE
1 480 432 63.5 214 11.2 2.0 0.1 1.7 =
2 480 384 63.5 34.1 25.2 2.0 0.9 174 3
3 480 384 63.5 404 26.8 2.0 0.2 4.2 i
4 480 374 63.5 46.4 37.0 2.0 0.9 17.6 =

E: 2250MVA/50Hz.,
ek FEIEAE (V).
I —DOFEEE

* BRIV O SR s —FHEE R O ERE -
BE (A) RO7—7 B okt (s) 2% L

HEOT—r

T — 7 B ORI B U CIE. A HEAF 3B O EME 2. 0 Il LT, 1 [HE 2.0

Wk S A Z ElXTE o T,

ICBWTIERERRARE SHEBE LTV (T8 6 2M), 7 — 7 B R AR O

M A SAVE, FERBRDMEAE L7z Z & 25,
ThoeEABND,
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4. 4 HEAF # Bk OBESEDOERE
#F4. 41z, BEBRTHWE 3 FEEOEKEIC OV T ORI O HEAF 3REr % O 24
oRT, ’éfﬁhﬁ%@lﬂ*ﬁmﬂé EEMRIRBE K O LA DM DWW TR A iR 24T - 72,

4. 4 FABRZ OB K& OEXEE DR
Table 4. 4 Their photos taken after tests and characteristic features of the

electric cabinets

- B EERRE BoTE A E-2avbO-NE%
HEAF&t %% 0
BRENE
BR1 B®2
RERER
EEMIMRE
FLiAd & & =
BRAOBRKEN 20.5+x14.3kPa 31.7+13.0kPa 51.2+21.9kPa
E%ICASLERBRDONE | EHCERABDONL, EGICERABHONL,
BEORES | ot ° ° BN BT,

Eﬁ’jﬁﬂ®%ﬁrﬁ I AT X VX—NEETH D EIE LGS, NOWNEE
RO CADHIEFT 200 LB 6ND, £T0, EROEEEIIBENO R KIET]
&U:{IOD%@“ {Z‘ifﬂ”‘é HDEBEZBND, S HIT, EROZE K OMHE O BN/
SWGAITIE WA TEIC L > TRNOIRE EAOEENEILT 5 LE2 N5, 10,
T — 7 OGN R < Ie o T2 IGA T, BEROBEN “&” ThHIFET—7 K
KIEDOFREMITIE ED B X HND,

7 — 7 IR ARFITHIE LN O R RKIENZONW T, E—F a2 ta— k%
Nl bm <, ROTHRER., &EERBEOIEIC/ZR -7,

mEEREIL, 7 — 7 B ORI R b RWIC S 00 b b3 NEARRER K7
J OB CIADPEN “H” T 5 7= OITEN DI RIE 73 = i*’é@ﬁkwqﬂf“%%ﬁ<
RolebDEFZZBND, o, EEROBEN “&F7 ThHIOERIZKE RERITHR
OONRNoTe, T— 7 BERAERFITIX, WEEEN “K” KO CADMEN “HF” T
HDHTDBNORE EFITRIBICR D B2 DI, 7T — 7 KERRET H7-DI213dH 5
BREDOT —7 XV F—NLETH DL EHNIND, @ EEFEIL EROREN ‘&7
TohdH, HLIADHEN “h” THLHLOD, 77— 7 MEDOMGRFMHNE L 2556
B ENICER— SN Z L e 7T— 7 KEBAEDORESIIEE L EE X DD,
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FUEEAR I, 7 — 7 M OMEIR M A EOBRBEOHF T FEH Th o7 & N
BREDS B RO CIADIED “HF” Th D7 DITEN O KIE MR ZFEHO B LMD
HCToFZBICR-T2bDEEZDND, £12, EROWEN “F” ThoTHERICE
BRGSO biLlc, 77— 7 MERAERTIL, EROEFEIZL > TRNTHE LB X
NF =R S0, NEHRFER ‘7 Th 572 DN ORE EFI3aRc 7
HEEBZBN /INESWT =T ZRXNVFXF—ThoTHL7 — 7 KEBEEDOREMNEITEED &
HER Eh b,

FT—Farvba— v XE, T EOMERRA R BEVIC S0 b BT N
HAREN YN ROB CIADMED “B” Th D72 DTN O R 0 ZFH O B X
OHFTRbEL Ro-bDEEZLND, £, MNORKRIEAREWNZ LI, &
RKOER K7 O, ERICEBLKOBEIZBEO DNz, ZOZEhb, T—7 K
AR IT, EROER R ORIRIC X » TN TRAE LA R L —N I Eh 5
T2, MAANDOEBIIREL DT, BANOEE EFIXEL, 77— 27 KK DR ATEE
PRITIELS 2B b0 EEZLND,

4. 5 Il 1548 & A HEAF RERE R I 1T 2 & E BT OB SR IO

2. 112l 1 ST ShiomEEREOBERNE, £/, £4. 4 KD
{36k 4 \ZAS HEAF 5R05% CHV 7= i [ E IV O HEAF 5RBRI& T8 ORI % 7~ L 7=, HEAF iR
Bris T H O mERRBOBEGORDUL, &I 1 SO S EEFREE e Ty,
S IR RO E BRI D% FIZEY (T T T —T iz o, il 1
SO EEBFAIE ST LWEEITRED Do T,

) 1 SO FRTITHRERN O ST D, 7 — 7 BT 72 5 @ E BN T 2 7]
FHELTLESINTWD, —F, AHEAF RBRIZH T 2 mEEREO T — 7 FdElL 1 [T
HD, Liehi- T, HERIICERENE U R, &I 1 B O%E XV A HEAF &
BRIXT — 7 =RV =N/ N E ol B2z on5,

Fio, 1 FHOFEFITIL, TAI=y LR OREE (2{b) 234 HEAF 3B
RIVBERTHY, TAI=T 2O L > TR XX =2 kEd 52 &
IZED, BAN LY EIRICR S B CTHICHER W ENREAE LI RERH D O
EBEZLND,
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5. HEAF BERCRAE L7 — 7 EORE

T B LI, ZODOBEMETHET S LICL o TAELAMEETH D, T—
7 HEIZBWTCIE, AR - IEMREOXIRS213E %’Ebfrzl‘/ﬂ:‘fé LiZkHoTFHIX
VIREEEAEAH L, ZOHEERNTTND, MEMIC, BFIXEEMEO VKK F 2 E
VENRALD Z LT D,

T — 7 WEIT, AT A= ThHETLELOEMROEELZ T H, Z 2Tl 5k
THOLNTT — 7 JER O BIE R VB Z FEIC, T ORISR R L — LUz o T
Rt L7z,

5. 1 HEAF BBRIZBITDER. EEXLNT —7 RU—
5. 1. 1 &EEERE

rEREIRAE O HEAF BRI DEE, Bk 0T —27 U =0 F£ZK 5. 1IN
R

® EEEREHER2 Q@ EEEREHRKRS

1000 - -1000
1500 -1500

05 05 15 25 05 05 15 25
0000

60000
40000
20000 {{iHY

0

20000
40000
60000
05
70 70 60
S 60 =0
\T/ S0 hid a0
L 30
i 20
N
20
{T\l " 10
Lo
" '°'5-1z ) 5,08 15 25 1| .,
T—IOBMERENODER (s) T—IOMERLENODERE (s)

5. 1 @EEEREDHEAF ROz (BEE, Sk NT —27 /XU —)
Fig 5.1 Waveforms obtained from M/C HEAF tests (voltage, electric current and

arc power)
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QU7 — 7 B OMGERER A 3. 0 B, @IL 7 — 7 B OMKGE RN 2. 9B ThH 5, 77—
7W%@ﬂﬁ$i BELXNERPEINT H7-0IC, TNHEFRLLET—7 3T — (K
5. 1OHEM bEEHT I8, OKVQE bIZBBLZ 20M §itkD T — 27 /3T —Df
L:foaof:o 2B, OTIE2. 1 A T—H7T =27 BN L2207 — 27 8T —DIE TR
RO BHILD,

BRRANCOD T — 27 = x L F—[1158. 2M] . @D T — 7 =R X—|L 64. M 1T - 7=,

5. 1. 2 FEE®E
Bl EEA% D HEAF SRBRIZEB T 2L, BIRME T — 7 XU —DEE#X 5. 21277,

©) ECEAREER @ ECEAREAER2

600 600
10 i N e U"""\.;I “},‘; LN

| mh )Hn.\hhll |

I

-0.5 0 05 1 15 2

(AR W i ‘\vfi\“

R R

i m ‘J HH \H'H‘ W ‘””-”n l”‘:IKJ
i ‘\ | J i i

f
‘!

. ,w ! .ﬂ I
U'l,} | i |l‘ \l]’

T—OIRIILE— (M)

. 05 0 05 1 15 2
05 0 05 1 15 2 5 . 0

T—IORERENDDEERE (s) T—IORERENDDEERE (s)
5. 2 BIFEAEO HEAF BBROWIE (BIE, EIRL DT —27 /30U —)

Fig 5.2 Waveforms obtained from DP HEAF tests (voltage, electric current and

arc power)
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OILXT — 7 B OB A 1.5 >, @IX7 — 7 B Ok RN 1A Th 5, 7
~7m%®ﬂﬁ$iéﬁ?&0$mﬁﬁ@¢5t.\AHME%%Ut7~7NU—%E
5. 20HM bEEBHT IR, OKUVDE HIZBBLZ 20 gtk T — 27 /83U —DfE
ﬁlii<>fto
BREANC@D T — 27 = F L F—F 28.6M], @D T — 27 =R /LF—[F 26.3M] LEFHHEE
ni-,

5. 1. 3 =—%ayvhtu—nkr %
T—Xay ha—)Lk X0 HEAF RRBRICE T AELE., BN OT — 7 XU —DR
2K 5. 31257,

® F-4—aubn-Lto4ERER2 ® T-4-auro-LtUAERERS
600

a00 ||| f
“1} HH‘HH'WM! BE

‘1"“”” INI«M)!IH‘ ¢|m uHumn( 0 uuld)uhhhﬂhul‘H il

ke

M |
l L H' i ||IL\\ Vh. Mt 200 | LAl

. WmWM

WWWWMWWM

:Elwlv H‘ | l

L -40000

VMWW
sy 60000

-0.5

2 =3
| |
o i~
n A
-0.5 0 0.5 1 1.5 2
0.5 0 0.5 1 15 2 1 20
F—HRERENSDER (s) F—OMERENSDIER (s)

5. 3 E—Xzarbr—/bkrZOHEAF iBROWIE (BE, ERL Y
T T —)
Fig 5.3 Waveforms obtained from MCC HEAF tests (voltage, electric current and

arc power)
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OUXT — 7 B ORI A 0. 9 b, ©IXT — 7 B OGN 0.2 B TH Y | £
@Wa>f* BIME T — 27 R —DOWE a5 2 LN TE D, 77— 7 i@k
. BIEROERNEIHNTHOIC, b EFUZT—273U— (X5. 3DOFH)
%fﬁﬁéﬂ OKRU® & HIZBIB LZE 200 G DT — 27 /T —|Zhe o7z, ®IZOW
EEDRRKELI R EERPDNSLSBRDEENI T EOETRME (5. 30
ﬁﬁ) INFRD BT,
%%%_@®?~&I*w%ﬂiNAm\@®7~&I*w$~m4mjkﬂﬁé
Nz, TE=—Harba— Lt XZOT7—7 XU —={ZONWTL, FOMIIIFIE-ETHD
ZEMD, T T FRAX— 1T ORI R E KIFT D Z &#ﬁufgto

5. 2 T—J7IR)NVF—LT7— 7 REOMKRRER & OB

HKEXMEIZBIT D HEAF B ORESRMBEHIZHOWT, K5, 1765, 31T LTE
REMRLOEES. 1IRT, £/, £4. 12054, 3ITBFDHT7T—7 TFLF—
& T — 7 Ok & OBIREK 5. 41TRT,

#5. 1 HEXEICHIT S HEAF G5 R
Table 5.1 HEAF test results in each electric cabinet

e [ BE () &R KA) P-oMBERE(G) | 7-0 | P—2
es bFE— | ey
B | AR | BEE XM wem | mwm | oo | XK
BAsRAE** | #8THE*

7100 | 608 | 235 | 305 | 235 | 3.0 3.0 58 2 .
WEBRE
={%2
@ | 7100 | 633 | 235 | 208 | 226 | 30 29 642 | &
mEERE
55R3
@ | 480 | 404 | 523 | 433 | 300 | 20 15 28 6 .
EEss
=1
@ | 480 | 304 | 523 | 384 | 816 | 20 14 263 |
[
=R2
© | 480 | 984 | 635 | 341 | 252 | 20 09 174 | =
EF-2-2/b
o-tss
BlER2
© | 480 | 384 | 635 | 404 | 268 | 20 02 12 | =
EF-4-2/b
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Fig 5.4 Relationship between arc duration and arc energy
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Table 5.2 List of published data about arc discharge
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Fig 6.1 Arc energy necessary for causing fire
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Fig. 7.2 Measurement of heat flux
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Table 7.1 Measured heat flux for each electric cabinet
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(s) (MJ)
T-4-2/h0- 0.1 17 38.4
AL
£-g-avp0-| 09 17.4 461
e astER2
EESE 1.4 26.3 63.2
sER2
EESE 15 28.6 53.8
BUER1
BEE RS 3.0 58.2 71.3
BlE%2
EEERSE 29 64.2 107.3
HER3
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Table 7.2 Damage criteria for cable - generic screening criteria for
assessment of the ignition and damage potential
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F7. 3 BTN —T 0V OBRGIEERR & BGRR & OBfR

Table 7.3 Failure Time - Heat Flux Relationship for thermoplastic cables
(NUREG/CR-6850 Appendix H Table H-8)
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