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Fig.1.1 Temporal variation of major causes of fire accidents!!,
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Fig.1.2 Origin of fire accidents from electrical equipment!.
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LTHHERT— F~0mHIIIEFICREETH 5,
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LR 2 FEPRESN TS, B E IO EHEHE L F RN RIEDOE
FAERE DOLERH Y, L 2> TWD, 72, LED BESHSERFEOE
— 2 A2 kR L Lol O Wik 226l ¢ L, =2 — Fo X5 o f
L R N =R N =TT /5 A ER Y WA A IV AV M Rl = S - PR QLAY AN

Z T, RETITEEHREOER = — RRBHEHRICELIRR AL,

HITHIEZZR L TEDOHIMEICHOWTHEGE T D,

2.2 Wi ER = — FOEHUE

R L0 RIS L TP 2 — B L 0 KSRICED LHEESh
TWNWDHZEMD, EERER— R &R ER = — FOBRFUEOE N EZ B 5 75
IZF D72, FRNC K0 R 5, 100V AER 2 — RICEEERIE 2 8 A
L7eilB 2 ER L, FEBRICHE L7z, B = — FOERIIER 0.18mm DOFEH 50
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02T PRI o — N OERERETHR A

(i) 3%

1 OEFRT— Fa 2 KICHBEL7Z, A OER=— NIX 50 KAOFEHRD S H 1
KRIET 25 L TUIWT L, &b wrls7 FRniiRiE 285 L7z, o o&ElR = — NI
fERIRREDEE & Lz, FHiER=— FOFE LMK %Z Fig.2.1 [Z5R7,
B2 — R4 L% 10, 50, 100, 200, 400cm OWF s Uiz, Wi

FIOEZXD X 1lem TH Y, HukxefEiIbrE L,

Partial disconnection length:
D=1[cm] Polyvinyl chloride

(2) ‘/ insulation

} 50 element conductors

One element conductor

A\
v

Total length: L[cm]

)] (0

Fig.2.1 FEBHE (QEL2ER=— K, (b)FEiER =2 — F, (B
Fig.2.1 Sample used for experiments. (a)photograph of healthy cord, (b)photograph
of partially disconnected cord, (c)Schematic diagram indicating partial

disconnection of element conductors.

(i) EHEORERER

#EHE L % 10, 50, 100, 200, 400cm ® 5389 & LT, ZRENDOKE S OfE
ERERa— N e, PEERER = — FOBPUEIC SV T, et (HEERK

RM3545) # W CEn24 30 [BIHIE L7-#E R % Fig.2.2 (2R 7,
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500 ‘
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®12p
400
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=, 300
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g @252 264
o]
7 200 193
3 Aot 172 i
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74 [
H Z rg .ﬁ P §§ ?gll o V8247
0 ' T 2| T T T T

10 50 100 200 400 10 50 100 200 400
Partial disconnection length D=1cm

Sample length L [cm]

Fig.2.2 i = — ROEHUE
Fig.2.2 Values of resistance of healthy and partially disconnected cords.
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fERR B = — R &, EWRER = — F TR ToREHR Licku W T
EAEL< 2D ZENABLNE RoT, ARER= — RO|PUHEIL L ITITT A
LTEHL, Yo7 AMOEb X3/, —F, FEER=— T, L
WEL 725 EESUERE L R DEANH D0, T ABOIEL D& NKRE N,
TAUE, FRRLARLEHR LT 49 KL OB OEMTEORBELR ENE 2 Hb,
WrsR IR = — FOBPUEIE, L K0 bFEB 1 AREITORERRKE NI LB S 5
Lipoic,

LLEX Y, FEEOBIG T LR E T OERRECZ DR S D, RO BT
OB L EWREFTOBRIEA &G RY, Va— VBT — 7 BEICL Y K
KICEDATREMENR B 2 b D,
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2.3 RERBTEREF DB R

Tk, CEETRRED = — RMHRICE D A I = X AL B8 KT DB B
SEMMIENTVRNWY, FREBICTHRRZHAL, WiRHIEOFHMY 245
%o Fig.2. 1 \R IR ER = — NIO@E L7256 Ot 55l L OEE - Eift
BIREZREL, 77— B CHRRETICE 2 IBROMGEZIT 5, £z,

PREFTIZ /IR 2 BTGB, AKICELBREZH LT 5,

(i) EBRFE

EERAIK % Fig.2.3 (277, BIIL 100V, 60Hz OBERT = vt v R B it L
AEOE 7 — NITITAM 2 Hke L, BERFOBEEREE L OERKEL, 4
v Aa—7 (Agilent 54832B) ZHWCiték L7z, #EHE L=10cm, Afif&
LT 1,060W OER L —& —Z ki L, (2 &0 SR WTHR B & BT 1
ELBEOEBEE L HEES AT (74 hrr FASTCAM SAL1) 2LV

10,000fps THrs L7,

-
e © S0 oo IO [
z Partial .
Outlet disconnection Appliance
<>
[ e o—
e i
AC power cord

Fig.2.3 FEERMIEK
Fig.2.3 Experimental setup.
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B2 B EMTRERIR = — N ORI A

(i) SRERETRRES DER TR XL OEE - BREE

SERRDSEWHHARAE D D Wi I B D PR O T B 2 Tl Lo iR % Fig.2.4 1R
T, WEAMIMA THoFR (K a) A, WEIC KD HEC LWk E AT O
MNEFL, R<EEATS (Mb), SHITEEEZHTD L, BIEEENT — 273l
L (Bc), 0TI L CHsh L7 B B BRI L ClifticE Y (K d), &
AT 712 5%,

FRBEMEE (== SMZ1500) % HVNT, Wikkts o FEfIoi & i KBigs L7
X% Fig.2.5 12777, 0.18mm DHFEFEDIEimlZ B 0.7mm D ERIR OFEREE 53

RENTEY, 7= B> TERPERTHE LI Lammr L T,

(a)

©) : M5 17msec % d : @255 4.2msec %

(b)

Fig.2.4 FHRWHRFEEOEE (L=10cm, D=lcm, FEXt—%—1,050W)
()@ T, (L)EET, @7 —27 %, (D7 —27Hil
Fig.2.4 Photographs of disconnection phenomenon of element conductor (L=10cm,
D=1cm, Electric heater1050W). (a)Before current flow, (b)During current flow,

(c)Arc ignition, (d)Arc extinction.
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Fig.2.5 Witk O FMRIuIi K EE

Fig.2.5 Micrograph of the end of element conductor after disconnection.

7 — 7 %5 - LA OBIERE I X OB %, Fig.2.6 I2777, Fig.2.4(b)
NHDITR LEEEOREH A Y, Fig.2.6 1IRT, BAt —& —TIHias:
ThH720, 7—73INEATE TlE, BRI OERKZIZIEZE TH 5,

7 =7 3B OIS, BIBIZEANEL D Z ENRHALNICRo T, £z,

THIVR ICIZ AR L, BItEEr L7220, BEREOEATELS 220 EGKIC
BT,
—Experimental voltage —Current
200 \l,(C) 40
150 30
«“hA A N AN T
2 2 2 T A
ASiEAWAWA WRNH:
MEVEVNVS wmuls
wl M M AN A A
oo AV A VA V A V A V
20 20“HS‘OIHI4‘O“”5‘0H.I I6I0IHI7I0”H8‘OHH9‘0””100_40
Time [ms]
Fig.2.6 WiithrOB/EEFHZ (L=10cm, D=lcm, FEXRE—¥—1,050W)

Fig.2.6 Example of voltage and current waveforms at disconnection
(L=10cm, D=1cm, Electric heater 1,050W).
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(iii) AR ~DE KBS

AEHE L=10cm, Afif& LT 100W O HEESK 10 18 (G 1,000W) ZH2ki L,

EWHREFT O BICHI E LTy viaro—i () &V, BEICLD A
PRI FE KT DIBIRICHOWT, TUXINTAZICTHRE LIzE T E %2 Fig.2.7
R, lEIE, AMOEBVERICE Y RHRER =2 — RARL I TND
(K a), WitEBIZABERN YA, BENBD L TRIENIEL 250, WY
DOWNEIELT — 27 5 b L < IIRE L 72 RIBFRO BRI L 280N BE S
(b)), ZDOK 9, KB AR RIRIIRZ LR 72 (K e,

(a) (b)

(©
Fig.2.7 ZWrEOEE (L=10cm, D=lcm, HZ\EEK 1,000W)
(@mET, OWREE, 5k

Fig.2.7 Photographs of disconnection phenomenon of element conductor (L=10cm,

D=1cm, Incandescent bulbs 1,000W). (a)During current flow, (b)Immediately after

disconnection, (c)Ignition of combustibles.
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(iv) &%

EWHRER 7 — R AMOBEEIC L WIS E LB, BEMES 7 — 7 &
WFEAEL, WL EIROFMPAAPICRBET 2 2 L 2fd Lz, S I, ATk
W~E KT HDBREHR LTz, LLEXY, EWHRNOWHRICED A W= L L,
AR ~DE KB Z I 5T LTz,

£, 7T—7 BB L OVHINRHICEE - BIRBPICEANLEL D Z EEH B
(ZUl7z, 2, 77 METOBBUEN N LZE L 725 2 &I XKV B ZE) N
AU, BRa— REOHFEMY 77 X AL VEEERICEARE LD B X
bihvd, £, BME/ A ADBRAETHZLICELDANRNL T ) A XORELEZL
b, LEXY, 7—UEICLDBIEEEOEAER L, RHEILFEIZ THRR

BHEORE 2T %,

2.4 FRRRWBREF DB SR DRSS

ATEI D FEERFE RN S, EERIEOEFI LY FHRETHRIEA TE 2 EE2 60
Do WIEDELZRTREE L U TEARFMARIIEAL, Wi ik~
M ATREME 2 T4 %, DIERIGIEIZE Y, B = — FOREHE L OENZ &

A & i %,
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(i) THEEFORERMR

Fig.2.6 7 — 7 385\ Il E TOWIE (35 TRl - 72E57) 3Lk L T, Fig.2.8
2T, ZOERALEREMS T HEE LT, Fig.2.8 12737 L 9 ICEAKEH (G890
HIHNE TOREM) 28 AT 5, ZOFITIE, £ 72.8ms T7 — 27 %ML, £ 75ms
THIML TWAH T, EARRITA 2.2ms TH D,

#REHE L & 10, 50, 100, 200, 400cm @ 53810 & LT, THENOHEHE
Jiz— FIZ 1,060W OB —F —ZAff & LTHEHRL L, EAERZZhEh 30
EIHE Lo R A Fig.2.9 1277, LORIIZEDL LT, FT 2ms 705 3ms &

7o TWAD,

—Experimental voltage —Current
150

Duration of A0
distortion
00 t 20

—

i
go a0 ,w,:""?l = C A’\:‘ll‘n’"/\‘x' = :g
§ ’ 4 Arc ignition : 5
0 0
Arc extinction
-50 e o+ -10

67 68 69 70 71 72 73 74 75 76
Time [ms]

Fig.2.8 WiklFOEILERMER (EXE—%—1,050W)
Fig.2.8 Example of voltage and current waveforms at disconnection

(Electric heater 1,050W).
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® Maximum A Average B Minimum

2.05

9
— 8
£ 7
ElS ‘573 0024 o619 o388 576
=
S 5
5 4
‘S 3 2.61 3.02 3.10
= A 1\2‘38
2 2
£
=
Qo

m021 @019 ®027 o014 mOlf

10 50 100 200 400
Sample length L [em)]

Fig.2.9 EAKE CEEmEFTO &K & D=1cm)

Fig.2.9 Values of duration of distortion (Partial disconnection length D=1cm).

9
8
= 7
.g 6 L ad
= ”0&..
g 5 A
g Yo
2] i
= 3
52 Pu,
g1 &%~
=]
A0 —

0 20 40 60 80 100 120 140 160 180
Voltage phase on arc ignition [~ ]

Fig.2.10 EAREfH & BN

Fig.2.10 Relation between duration of distortion and voltage phase at arc ignition.

7 =7 BN LR OBIENAE &, BRI OBMR A Fig.2.10 ([Z-7, EEDIE
DY A 7 NTT — 7 FINT D5 GIITEENME 00 2, ADY A 7 LOGEIZIE
180° %, ZNEH Fig.2.10 ONifHOHERE (BEfho 0° ) & LTW\5, EENH
2% 180° (T ft < AZEHAN TEARH AL 72 DA R 7oA, ZAUXENE
DINELRDZ LIV T = BHINESNRTRDTEDEEZRLIND, B
X, 7— 273 IMREOBEMAIC L D RE D720, HEHR L A URE & Ok

BT — FCHERIEICIZSSENEL D,
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THNORMETH, EARMIX8.3ms LN TH -7,

Table 2.1 E AWM D45 Af

Table 2.1 Distribution of duration of distortion.

Duration of distortion [cycle] Distribution [%]
=1/8 (2.1[ms]) 45
=1/4 (4.2[ms]) 76
=1/2 (8.3[ms]) 100
=1/1 (16.6[ms]) 100

(i) &8

E AR (GBI HIHINE CORFM) ITHUEHR LITEAFEE T, WO T
t 8.3ms INTH v, HIMEZITIZEIRD 1/2 ¥ 7 VLN TEEREE OEHD e
KRB EPHOMNEIRoTe, 2D, 1/2 YA 7 VLN TORTEMENTIZ LD
FRREFRORIZAT ) Z L ITR B BB 2D,

7B, TRFEBRTITEWRETOR E D=2, 3, 4cm OFEIOE AR b [FEE
Em ARG, D ORIICEALLTHRIETE 2R D, £, &
HIFMITBEEROBRESLTY — 7 WEORIICEFRT L LE2 LD, Zhb

DFEMRIREEIZ A ORE L T 5,

2.5 FREERRH SRS

HITEE TOFERICESE, BHRMTREICEA R EERIEOELE BT 5 50
PREL, AOMERTTT S5,
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(i) BHFHEORR

IRETIT, EFR=— FTHR LoBRE AT 5 2 LIc kD AT S HER

ik 2 9 5 FUEDMREE SNk, Rs ORI & MY S LTV 2 B0, S
KOG, ROEBY TH D,

(1) EREFENOBEBIY OB#REHED FRAED 20~60%2 A % R 25 3ms A
ETHY, 2o
(2)  HERBHIRNDS 1A 7 VURNICEEREOERN 2L 12D

TR &, ARFRSCTxB & LTV D FREHRFO W T W T H EER
FACEAZMEC D03, FRRWHRFOELOIFA/NE VN, 2T, FREETRICH,
AMERDNISNWZ ER—REBR OND, 2O, FEHESIETE, Wik
ERNT 5 Z EIXREETH 5,

Z T, T — 3l L ONHINRE S B 03 R KB L, MAEBLERK
oL FEBEERIE & OISR Lo EREri b 22 2, MEEERE
X7 — 2735 1 JARTO 12 94 2 V5 OBER G2, FEBREERIIZHER
Witk ICBL S W 2B A0 H D EERE A T TERT 2, Fig.2.6, 2.8 &
& LT, BAEEBERE L ERELEWZICONT, Fig2.11 IR, ZOmEEE
T 52 Licky, EAEmNT 5, Fig.2.11 O L5 ICEREBELRE L S HE
JEW T & iRz CERGDLED &, MEDEWDIWARKIZR D, #ibT 25 X
NS, BT DM AT, EBREEEESRAELIE 6V 2 2 2 RO
HFNZES < 729, Fig.2.11 OREOKO X 5 \ZHAEELRIE 6V Z il E & [F

IR~ & ERAIC B L3 < 722 5,
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—Experimental voltage —Current
200 40
A A A A 1.
o AN |
AW ANANANREN
% 0 0 5
= =
250 - \ ’ \ 108
-100 V V - -20
-150 - -30
'200 LI N B B B B T T1Trr 11t r1rrr 1111 rrrrrrrrr -40
20 30 40 50 60 70 80 90 100
Time [ms]
7 — 7 FEYRRT O - B 7 — 7 FENR D R
A half cycle waveform of the b5
same polarity just before arc A half cycle waveform
generation. where arc generates.
—Experimental voltage ~Current —Experimental voltage ~—Current
150 30 150 30
100 20 100 //—-\ | 20
%50 10 5 &50 J 10
; Ny N
0 A 0 0 7, 0
B R R R Lo e e T [ N ) S N R 1)
50 51 52 53 5455 56 57 S8 59 60 67 68 69 70 71 72 73 4 75 76
Time [ms] Time [ms]
WA L~ Gk )
Name change to
checking voltage.

Color change to green.

Checking voltage 6V —Checking voltage

150

100

50

Voltage [V]

-50

—Experimental voltage

/ L)

TT T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1T

67 68 69 70 71 72 73 74 75 76
Time [ms]

Fig.2.11 MAEEELRIY & FZRELEY

Fig.2.11 Procedures to obtain checking voltage and experimental voltage.
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Frequency [%0]

— e e e

Deviation time [ps]

Fig.2.12 i RsfE] o FEE A (X
Fig.2.12 Frequency distribution of deviation time.
HELEWTY & ERELERZOEZLRHEMT o8& E LT, ERELERENARE
EI I D =6V OlE )& A4 2 IR & R & 3%, 30kHR L % 10, 50, 100,
200, 400cm @ 5@V & LT, FM#RER = — N2 1,060W OfXE —% —%#
fif & UCHEpE L, i 2 224 30 BINE L 7S RO B iK% Fig.2.12
(R, BEERNICIE S X 1EXH 52, Tous LLE L R 2 BIENBRB L E 80% & 72
%, Flo, WELIZETORERIZEBWNT, 7—27 30 OIEINET) 1/2 1 2
NLNTH Y, T7— 7 il IR L CEBRE v 2307,
LD,
O R 7T0us LLETH Y, 3o
@ FMHOQEGMTZ LR 12 VA 7 VBOERNER 72D
T L A HERWTRR SR L T 5, 6V ORI LT T0us 1E, BT 5 X9 ICafr
WERTRE O IE B G K D BEWIE DES & RRWHRRE & ORI 2 BB L, RE
72
B B8, Fig.2.11 1R L7z RSB & EBRELIIE O ik
K OB OMER 2 BIRD 1/2 A 7 VIZHEIE & B8 L D2k HIIcAT 9

IRV EREMRL, FRETRRINREEmIE T e T =y 7352 8125,
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Fig.2.11 (2B WT, 7— 7 MERAROEBRELERIE &, €0 1 EHETO R
BEREZ K L ROERMN CH o 72#5 2K LT Fig2.13 12577,
Fig.2.13 OEBREBEILIE & MAEBTERFDOE% Fig.2.14 (2R, 7 — 27 HINOH]
BIZIBWC, ERELEEE S RAEBLEEE O L6V OEH bR 2R Rz T
bNb, ZOFITIE, @R AFE 184ps & T0us LLETH Y, FHEOQET-

L7eRD 12 A 7 VEIOERNE R L b7, HESRMZHT-T,

Checking voltage +6V —Checking voltage
—Experimental voltage
125

ll Deviation Time
100 !

=
W
L

Voltage [V]
W
S
-

742 743 744 745 746 TAT 748 749 75 751 752
Time [ms]
Fig.2.13 KK (Fig.2.11 O HFEM)

Fig.2.13 Magnified view of a part surrounded by blue ellipsoid in Fig.2.11.

*+6V band
—Differences between checking voltage and experimental voltage

48

42 4

36 Vv Deviation Time
_. 30
2, 24
& 18 S
s <> v
S 12
> 6 | | | !

0 -
-6 ! I
12 T A T T

742 743 744 745 746 747 748 74.|9 75 75.1 752
Time [ms]

Fig.2.14 MEEBERE & EBREBLERE DAL L O+6V Ol (Fig.2.13 AR )
Fig.2.14 Deviation of differences between checking voltage and experimental

voltage from +/-6V of voltage (redraw Fig.2.13).
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(i) B

PEZE U BT 1T, — IR0 & DA OM Y IR LT/ 5
7o, MBIV, FERF(E~ORANHFTE 5, £/, LIAINCHE
RN, WMESH TV DEHERHEREICTIIMRIE TE RWEKHZIC OV T, M
A LD DOEALO T BFEBWRREF L D Bl k&<, KEEFEICLY
G DWTRRIZE S T2 A IS ORI CTE D RN H 5, 2, 5 3 B CMRGT
T2,

7%, RRMRRELIIMNT, BEERIBIZEANELDZ LN DH D, AfEHE L
TAAL v F & ANTZEEOBPEB LRI LV EEREOELBAELT 505, AMIZEIR
WIEET B 72, (@ FFEOQEG T Lizkd 12 94 7 LV OERNE R &/
D] DEMFICEDMBENOIRS ZENTE D, £72, AWME QISR LSS
DIEBR R LD EEREOEL S FEERIZERS 2N TE S,

WL 2 E 38 L7226V OBJEEIL, 5V 205 11V O#PH TR 21TV, &b
BUVERZG HLT 6V & Lz, BUGHEMAE 2 HBI2E, SHICELOFEMFT
TRBEOERZITV, FatiTEE2 O CREfE 2 Ratd 2 L8R H 5,

2.6 FRRWERIR H S D RRAE

TR LT AR E ORI DWW T, FHIiT 2, HEHTART OGS ITE LR
ok LOBRBIE N ELI L 72575, ARNIC & - TXERPIEKH &2 57, &

FERRIZEHNEL D, ZD72), AMOEWIZ L DREIZ OV TREET %,
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F7o, AMEEIRIC S BERVICESDEC LN H Y, =BF LA

WL DBHHOBRNEH D Z Enh, ZORROKEIZOWTHEET 5,

(i) AfORE

REHE L=10cm, YWiikté it O & D=lcm O Wi EH 2 — K& H L, Table

(CRT AR AR EN NS LT, WIRICE S £ TOEER L OEREE %
B L=, ENENDOAMITONT 50 [RIOFEREZ M L, 2T HMHTEOFEMN
T o7,

—fFlE LT, FEERRERE (1,000W) & & & Lizha0mEs X OEREE
% Fig.2.15 12T, ZOROREBLERE & ERBLERE 2 i LR %
Fig.2.16 (2”7, ZOWAITIE, BIEMML 90° 300 TAMERSIRNIAD 5 &
BILICEA GECTHA- M) DAL, S SIS 160° (5L T7—7 ik

(2D BEEEOESR G THo ) BELTWDZ ERbnD

Table 2.2 FEHLLL D (H-AE
Table 2.2 Specification of household appliances.

Appliance Power consumption [W]
Electric heater 1,050
Vacuum cleaner 1,000
Dryer 1,200
Incandescent bulbs 1,300
Electric griddle 1,100
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—Experimental voltage —Current
200 40

O 7 T W N W .|
oo A Y A A W )
AN AN

[Vl

Voltage
1
s

o
\‘
-\'

T

e AT |
0 YV A V AV I B

-200 LI INL  B BL  B B B L  N B -40

0 10 20 30 40 50 60 70 80
Time [ms]

Fig.2.156 FMWiskkr OEIE - BWIREIEAE  (L=10cm, D=lcm, f#BR& 1,000W)
Fig.2.15 Example of voltage and current waveforms at disconnection

(L=10cm, D=lem, Vacuum cleaner 1,000W).

Checking voltage +6V —Checking voltage
—Experimental voltage —Current
200 40

N /@Q\ \
100 / / -+ 20
50 - 10
/ [ g
rc 1gnition *
0 A - 0
1

‘50 ||||||||||||||||||||||l|||IIIéIrICIeIXItIiIIlFtI;llolnl.II —10

67 68 69 70 71 72 73 74 75 76
Time [ms]

Fig.2.16 MRAEELNE & ERELFE O E] (R 1,000W)

Fig.2.16 Example of comparison result between checking and experimental voltage

Voltage [V]
Current [A]

obtained for vacuum cleaner.

FECHH - 72855 D , BEFERa— FTHENRER 2 — FTHEIEIh
THEY, MRS 2 EATIEIRSAMNFAEDOERTHD, ZD X5 AMRa D

EHD, ARE L T2 BT HIE ORRRIH OB & 72 5 25t 217 5
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Fig. 2.16 OfEDO#E sy 3K LT, Fig.2.17 12~ ¥, Fig.2.17 DERBERIE &
A E LN E DO 2% Fig.2.18 17, Fig.2.18 obinsd L 912, ZOAMKA
DEFIRAEBEILE L6V ORIZIZIFNE->TE Y, @M E L THIT U R &
N7, 2072, RET D HRBTRRINRMCEL RITS RN b, A

A DTS DS FARETRR & R S D FTREMEAMEN 2 L v binD,

Checking voltage +6V —Checking voltage
—Experimental voltage
200

S it P

Voltage [V

50

70.5 70.7 70.9 71.1 71.3 71.5 71.7 719 72.1 723 72.5
Time [ms]

Fig.2.17 £ KM (Fig.2.16 OfkksH)
Fig.2.17 Magnified view of a part surrounded by green ellipsoid in Fig.2.16.

*+6V band
—Differences between checking voltage and experimental voltage
48
42
36
_ 30
2 24
§° 18
o 12
o 6
" A i
-6
-12 T T T T T T T T T T T T T T T T T T T
70.5 70.7 70.9 71.1 71.3 71.5 71.7 71.9 72.1 72.3 72.5
Time [ms]

Fig.2.18 A BIEIIE & EREERIFEOAEL L O+6V O (Fig.2.17 FHliHE)
Fig.2.18 Deviation of differences between checking voltage and experimental

voltage from +/-6V of voltage (redraw Fig.2.17).
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WIZ, Fig.2.16 O FEMMHRAE U B BRI R AT 2 BEWREOEL OB E2IT 9,
Fig.2.16 O# TP~ 7=y 29k LT, Fig.2.19 1R T, HMPRICE 2 #E T
FE7RBHADNRAEL TCNDZ Enbnd, Fig2.19 OFERELIE & MAE LK
D #EE Fig.2.20 123 d, 7 — 7 HIMOFIZRIZBW T, EBRELENRAEEL
B D6V OENSRIT 258080 b D, Z OB TN F A&

176us & 720, FRRBIFR ORI SEZ 72,

Checking voltage 6V —Checking voltage
—Experimental voltage

150
Deviation Time
(0]
50
S
G
> 50
O T T T T T T T T

732 734 73.6 73.8 74 742 744 746 748 15 752
Time [ms]

Fig.2.19 £ KM (Fig.2.16 D Ek5H)
Fig.2.19 Magnified view of a part surrounded by yellow ellipsoid in Fig.2.16.

*+6V band
—Differences between checking voltage and experimental voltage
48
42
36
30 — -
> Deviation Time _
& 18
= S S o>
E 12
6 1 1
0
-6
|
-12 T T T T T T T T T T T T T T T T II T T
73.2 73.4 73.6 73.8 74 742 744 74.6 748 T5 752
Time [ms]

Fig.2.20 BEEEH I & ERELERFEOEL L OE6V OfF  (Fig.2.19 FHfiH)
Fig.2.20 Deviation of differences between checking voltage and experimental

voltage from +/-6V of voltage (redraw Fig.2.19).
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Table 2.2 |23 &AMIZI1T D EMBLR O 534 35 L ORI A S 2 15
BT HEG GRBURERE T0us BLE L2 2EI5) % Fig.2.21 \ZRrd, AMIZE -
THRPRFRIIE S D E N AT DD, B L E 80%LL LT LA -1,

Table 2.2 | 2RI HAMITIBNT, BEHFMFODORLFH % 50, 60, 70, 80,
us LLEE LTG0 amimOIEfFR%Z Fig.2.22 (RT, ABER O IEMIR)
RbEWRERER-TD, WEEBEN R bE S, BIREDSKE WO IBESD
KEL oz EBEZ NS, MHEEHOBRIREFZ /NS T2 LEEAZRE
LG e =D EMRNEE D08, IR & 5 (CAFEEIE O 2 2 R

TLOEENEmED,
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Deviation time [ps]

Fig.2.21 #BiFEEM & MHFIEOEMRER (AEXR e —%—, BFEHE, O FI7A v—,

Fig.2.21 Distribution of deviation times and accuracy rate for electric heater(A),

vacuum cleaner(B), dryer(C), incandescent bulb(D), and electric griddle(E).
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O Electric heater ¢ Vacuum cleaner ® Dryer
A Incandescent bulbs X Electric griddle

100 106 166

%969696 oy &98 L% 496
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= 80 1 % 76
£ §74
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5 X 64 + 64
£ o0 "5
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40 : : : —i
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Deviation time [us]

Fig.2.22 e & i FiE O EfRR

Fig.2.22 Deviation times and accuracy rate.

(i) AR DR

ERFOAR DAL v FHE)IY, B Z W 2EOMERRIZL->TH, &
FEWACEANE D AREMER D B, 20k 5 RilBEHH% L, HRWRE =A%)
B T AERH D, HWEHE L=10cm OFEF =2 — RZHH L, Table 2.2 (/R
THEREHELIELDO AL v F o llo LBOBLEEEL LOERER > ZThEh
50 [EIFHAI L 72,

BRI T DB I L ORISR ME &l 7 S WIS GRELFH 70ps %
Wil- S20EIE) & Fig.2.23 1287, EMEERIE, WIEBG 0 E 2 % FHRMHREE D
EHLEBRHET, EL KB TEHEEEZRL TS, BIRRIT, Ak
STELDERRZITbNDD, BREHREL Y bk 22 s, ik
2% TOus Al & 72 DEIGD 80% &l x, FARWIHREE L AR DAL v F Y HED
WERGI L 5BEEAZIIITRBIT 5 Z LN TE, BEFIEIC L FRWRERE
DEHLEAADRETE D,
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Accuracy rate @ Maximum A Average HMinimum

1000 " o 23 100
900 % - —+ 90
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2 3 Ty I T R :
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Fig.2.23 AW ORBLRFH & i FIEOEMSR QEX e —2—, (B)ffbR,
©) FZ7A¥—, OHEBEK, (B)FRy h7L—Fh

Fig.2.23 Distribution of deviation times and accuracy rate for electric heater(A),

vacuum cleaner(B), dryer(C), incandescent bulb(D), and electric griddle(E) when

appliances are turned off.
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b <, BIMENPREWCOEBELDRELLRY, BREORRKRIZ/R 723
bbb, MHFMFOBRNFHZ /NS T2 EWEEAEZRIE LS R D570,
AMDAAL v F U HBEOMPER R L HEEEABRESEFEOZRZ LS < 72

D, B E R D,
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O Electric heater * Vacuum cleaner = Dryer
A Incandescent bulbs x Electric griddle
100
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X 94 . 04 *
5 94 2979297 @34,
JU o 88 ~9U T
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X 80 80 .78
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Deviation time [ps]

Fig.2.24 S BEIIr i 0D 15 i R[] & A H 15 0D IEfig =<

Fig.2.24 Deviation times and accuracy rate when appliances are turned off.
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Fig.2.25 Example of voltage and current waveforms at disconnection

(L=10cm, D=1cm, Dryer 1,200W).
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Fig.2.26 Example of voltage and current waveforms at disconnection when a sample
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Fig.3.1 %0 = — Nl F 50 2 SR
Fig.3.1 A bending tester.

Table 3.1 hi (3 3B+
Table 3.1 Bending test conditions.

Load 500g
Bend radius 2.5mm
Bend angle 180°
Rate of bending 10 times/min
Number of bending times 180 (reciprocation)
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< 5cm — >

Bending parts

Fig.3.2 Mg oEH = —
Fig.3.2 A typical power supply cord after bending test.

(b)

Fig.3.3 X #t i i (a) &KX, (b)yLKX

Fig.3.3 Example of X-ray computed tomography image. (a)overall image

(a)

(b)magnified image of circled part in (a).
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Fig.3.4 Experimental setup.
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(a)Before the experiment (b)After six cycles have been completed

Appearance

Fig.3.5 &= — FOSMELL Xt CT 12 & 5 i iy
Fig.3.5 Appearance of partially disconnected cords and images of element

conductors in cords obtained with the microfocus X-ray CT system.
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Fig.3.6 Temperature distribution around partially disconnected part. (a)front view,
(b)oblique view, (c)Surface of combustibles and power supply cord (combustibles

are removed and turned over).
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Fig.3.8 Photographs of short circuit phenomenon of element conductor.

(a)During current, (b)Ignition of combustibles.
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Fig.3.9 Example of voltage and current waveforms during current flow and at

short circuit.
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Fig.3.10 Example of voltage and current waveforms at short circuit.
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[FEE D IR % 6 [T - -5 524 Table 3.2 (TR, AT AE LIZFOY A 2
VEL TEED DG E D E CTORR, MRS OMRR, @ik R e £ L
DTS, WEEIGD B R CEAICE DM H 503, ZIUXERTOHEEE
T A 7 VRHIZ PVC NG EI S, 1X 6 1T 78R FER D PVC OBUNGHEIZ L 0 KD
FHNDZ LI LD MERIEE A R E o THEKIRENEL CWD T B B
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Table 3.2 Wi IR = — R ORI EERRE H

Table 3.2 Experimental results for the partially disconnected cords at short circuit.

Characteristics of the Short Circuit
Sample | Temperature Deviation Time
No. of | Commencement | Current | Duration
No. [°C] [ms]
Cycles Time [Arms] [ms]
1 225 38 30.0ms 86.1 560 4,320
2 223 5 10min 87.6 850 4,300
3 224 15 Immediately 51.2 80 6,040
4 231 5 Immediately 30.0 21 6,080
5 213 13 25.3ms 93.4 253 2,040
6 187 23 Immediately 445 83 1,944
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Fig.3.11 20A 7 L — 4 OBl & ARFEER T O Wi B = — N O
Fig.3.11 Performance curves of a conventional 20A circuit breaker and range of
magnitude and duration of short circuit current obtained by experiments using partially

disconnected cord.
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200cN'm T 5, GERBEFHOEAT, RUEAED D Z L THBILT,

=7 VOERITERN 2.0mm OHEBFETHY, SNEREIE= 12T KL L

TAERIATHE L TH Y, MFAEDEY 2 =L — A TEDONIHEETH D,
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szrpamny  C?'°

Terrl;linal block

Terminal block
Cable

(@) (b)

Fig.4.1 IglRlEE M 7 L — 7 DE MR ORDL (hv2 0 200eN-m)

(@7 L— DsMBL, ()BT ATE > H OILKE ((2) DR ILIEFT)
Fig.4.1 Appearance of terminal block of circuit breaker (Torque : 200cN-m).
(a)External appearance of circuit breaker, (b)Magnified front view of terminal

block (the part surrounded by a red circle in (a)).

(i) (M AX

BB DI S D EM S A AR OBELXERR~EE 2 520K T
L7l REMELEL < FHEiT 2 72 O flE S %7 CISPR (International
Special Committee on Radio Interference) 595> FCC (Federal Communications
Commission) B2 EICHE SN TV D, 7o, FHEKXLEY—Y, Mgt
DRMAERTIC R T D EB e EOREI LG bEWE ) A XN ET D LR
IRKHBNTWD, £ 2T, BREMI ORI &5 MR THRUNIENEL, &
W) A ANFET D EE XTIz, &/ A X%, Figd.2 (R T X9 ICZERITHE S
NDWEHE ) A X &, BIRT —T NV EARD RGN ) A XT3 T bivd, HHE
JARET T T TRELTNET 20BN H D7, A8l A XTER T —
TR D @ E ) A X U CREST 27207 7 TIBE E Sy,

Z T, FROBGHEANEEE X, 8/ A XITEHR Lz,
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7 TF E“E*i\ (M ) %
E
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‘
—

Fig.4.2 &/ A AOWEs

Fig.4.2 Outline of electromagnetic noise.

(i) BRIk

LRI 2 Fig.4.3 (¥, EHIEE (=X = 7FEHEG7 1 v 27 ES20008)
M5 100V, 60Hz % #RElERIFIEEME AMN (Artificial Mains Network : PMM
L2-16B) (2t L7z, AMN (X KM OB —7 v EORENE ) A Xafhi L
TARY R T LT F T4 PA~HET 2@ TH Y, [ EEL CISPR16-1-262
TRESNTWD

AMN ORI H T L— L Faaft T, AmaEi Lz, 7L —I0
Z AR T2 & B O — kAT T3 Ml —7 LR & L% 10em & L7z,

— YA T B IERE DT hv 27 T D 200eN-m & L, ZHAMAEEF T2 O
MV Z7 13 200, 50, 10, 1, 1eN+-m KD WF e Lz, 1eN-m KilZ-ou
TiX, V27 RI7A43—=I2T 1eN-m THEOFHT 722, 7 X ATED T, @E
Ao T1 & T3 MobEz, st (AEEH RM3545) & MW THIE L
Too WEIZ XV RAET DIREN ) A ZADOJEWPEIART NVEART 8T AT T T
A % (Keysight Technologies N9038A) (2 CHllliE L7z, HIEJEHHI%IL 150kHz
~30MHz, HERA > FiE 10,001 &, JEEEHEEE (RBW) (2 9kHz &L, %

JEfEMIE (Peak Detection) (2 CHIE L7-,
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Spectrum analyzer

L: 250pH Lz 50pH § T T T
Teo Lo Laf — S—
oo 4pF 8uF 0.251 80[cml] L=10[cm]
60Hz f\) R: R: Rs [Z]
10Q 5Q 1kQ
p— Ll = Lz p—
Circuit breaker Terminal block
R4
509

AMN

Fig.4.3 FEBrEIE
Fig.4.3 Experimental setup.

(iv) EHEICERETRDAAT vy o e

i1 Te @ 5 FEOKEOA T b7 12B8WT, it Ti & Ts OB E T2
U 50 BIIE L 72 R % Fig.4.4 127”9, 200~1cN-m TIEFHHUED T 5D X H3/1
&<, 9~18mQ Th -7z, I 200cN-m~10cN-m TIFEHIED 9~10mQ &
ZELTND, TDIW, bt T DEMEROFRADEBIT/ NENLEZXHND,
—J7, 1eN-m K CTlf, X6 2EDPIEFICKRELARD Dotz TDIZ

O, HERHEBOEMAKEN RN 2o T EEZXBND,
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Fig.4.4 ¥+ Te OO T Fv 7 &b+ Ti-Ts M OEHUE
Fig.4.4 Effect of tightening torque of Tz on resistance between T1 and Ts.

(v) BEM A XZRETRHDMT s o

Fig.4.4 \Z/r L7 4 fE¥H (200~1cN-m) OfFOfHTIREICIEFIAT TH D
1,060W OFERE —X —%H L, AL LI BEME ) 4 XE2RE Lo Ro—f
% Fig.4.5 \vd, Z 2T, ftiidEEm rELEL~LaRLTEY, 1uV 25
g LCTERED dB £HA2 LTW5DH, ZEh 50 BT HHIE L EHEE
Fig.4.6 127”9, 200~1cN-m TIXIZIEFEERZRFER L 720, B/ EWIIR b
hole, ZORRERIE, BIROBEIUEDOHZE EEH L TS, 2k, 1eN-mLL

FOBEITIE, T VERE T LI MITAMCEML TWDH EEZ B,
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Fig.4.5 Examples of conducted emission spectra obtained for several tightening
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Fig.4.6 Average conducted emission spectra obtained for several tightening torque

of Tz (Electric heater 1,050W).
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Wiz, Fig.4.4 2R L= T2 O kL2 28 1eN-m Kl D8N 7 A X Z2H1E Lz
RO =fFlE 50 BIE LA Figd.7 ([nd, Hige LT, Fig4d.6 O
200cN-m OFHfELRT, FLZ 2 1eN-m KiFOHFAIZIX, 200N -m OHFH
(CHERTEABEE AR SV OMET G BE L~V RWE TN L, $FIC
3MHz UL T DR CTIIE TH 5,

728, 1eN-m KT, Figd.7 O X5 REAREEAT M OMEE i &L L
SLDEEMABBHI SN2 LD o7z, ZHUE, BT DR CITHERD & 5 IRHE
THER & ORI X > TXAMICIEFICHE L, BENFELRNWEDT
Hb, KL TE, BENEAELT Figd7T O XD AWK AT MARGE6R

% & O IRBREERTR O E MO R ET 5,

100
90
80 —<I1cN'm
70 ; (38mQ)
> A <IcN-
z 60 "bU cN-'m
8 5 i (572mQ)
;- <lcN-m
2 40 UL [ (2610mQ)
— 30 LTl H 1l )le )| ‘f M ‘ﬂh—<]cN m
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Fig.4.7 51 Te 3% A Tl 7 Ti-Ts [ ORHUE D B 72 D IRAETOREN: 7 A XD
RER] & FHfE (Bt —2—1,050W)

Fig.4.7 Examples and average of conducted emission spectra obtained for loose

tightening torque of T2 with different values of resistance between T1 and Ts

(Electric heater 1,050W).
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(vi) BAEFTORE LR

MBS OB — T NOEMIRREICSOWNWT, TIOZIL~v A7 aRa—F (F—
T A VHX-6000) %MW THLRBIEE LT GE% Fig.d.8 1T 3, HEIKTH 54
DORMEIIREADEMPBE I N T2, EERE FHMSE (SEM : HAE
JSM-6510A) IZfHE L TV D=3/ — 80 X fioirikE (EDX : HARE T
JED-2300) & M\, M#EE 20kV, HUFER InA 2 XV ZAF EICTrHiEs
WradT o 7ok % Fig.4.9 1T, MRS NIZDE, 71— Dlligh A »
FEINTZRUNDBEF LI LB bND, ZhuE, O (419.5C) &

R DEIAFEAE LI L 2RI L TnD,

1000.00um

Fig.4.8 e % DRl D FL KX
Fig.4.8 Micrograph of the end of conductor after discharge.
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001

Counts

000 100 200 300 400 500 600 700 800 900 1000
keV

Fig.4.9 juR o Hris H
Fig.4.9 Chart of elementary analysis.

(vii)) RFHRA OREME ) 4 X

FT—ERA =L, ALy F U TERR L, mEEORENE ) A XEFEE
THZENELHLENTWS, £ZT, 1,200W O KT A v —&AfL LTk
L, Te% 200cN-m CTHEDfHT TR - D7 COMEANRVIREEE L, FAEL
TARENE ) A X8 LT AE R0 =4 & 50 BIHIE L7 PR % Fig.4.10 (2R 9,
Higg & LC, Figd.6 DERE —F—%AM L LIEGAEOVAEL~T, F74F
—DORERERIT, BR e — —ITH~T 12MHz 13035 L OV 1IMHz LLF 0 8 3%
AT NVOMET S TEEL-ILBER L TRY, ARFFE OGBS ) A XHR%
ELTNDZ ENTND,

WIZ, T2 & 1eN-m KA 2 THRENE ) A & RE LIfER O =61 & 50 [E1H1]
E U2 E % Fig4.11 1279, Fig.4.10 TR LT AWEA O A L7 v
[Nz, Fig.d.7 DX 52, &BEH DR L OERIER L THEEE AT SLro

MES U 1B LUV DME AW T L CTWA Z Envbnd,
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Fig.4.10 Examples and average of conducted emission spectra obtained for

appropriate tightening torque of T2 (Dryer 1,200W, Electric heater 1,050W).

100
90 —<I1cN'm
(42mQ)
80
70 <lcN'm
by 12mQ
% 60 L (512mQ)
2 50 Jm-,r. | <N~
T 40 R w'... LRI (1920mQ)
'J 1
30 o 5‘ T - i l"q mn —<1cN'm
20 o o - (Average)
10 o b
L u} M ||q—200cN-m
0 : . (Average:
0 0.15 1 10 30 Electric heater)

Frequency[ MHz]

Fig.4.11 851 Te 238 A Tl 1~ T1-Ts R OHCPUE AN B 72 D IRRE TORENE: ) 4 XD
HIER &FE (R A 7 —1,200W) B XOERE—%—1,050W O FE)fE
Fig.4.11 Examples and average of conducted emission spectra obtained for loose
tightening torque of T: with different values of resistance between T1 and Ts (Dryer

1,200W), and average of conducted emission spectra (Electric heater 1,050W).

69



HAE BN A XX DTV OBAREEG R A R

(vii) #%%

YA 7 L — 1 & B = iR = — R — T L OBEGEER OHHUE I
WIE h V27 Té 5 200eN-m 25 1eN-m TITHHUEDIE 52 & A/ E VA3, 1eN-
m R CTIEE D DOENEFICRE L 2D, UL, T L—h DRl & AREICRH
BRRAET, Fr—7 VR E OFEMIRENRE —ICR b Z ERRREEBEZ NS,

DA THHBR e — X — &k T 5 &, 1eN-m Kl TIE, HEICHE
IRENE ) A AO¥ENPHER TE o, ZHUL, Wit Te DR COEHRZEY r—7
JVEBRE T L= THBRAAEL, BUNRENBELZTZOEBEZBND,

B D & — 7 VRO TERSHTIC K 0 SRS S, @k (419.5C) BLE
DEIRNFEAET D Z Enbhrole, BAEETVRFTH Y, BENEFIITIE
FAELRNED, BERIEFOBHIFHONRELZZ bND Z b, KEID
BE ERIC I KRICED AREMEIMR W E B 2 DD, IEREET LB
Sz & 5 BERR OAGRFAR OERREIE, AR S P2 — B XV AT T
WD EHEIIS LD, LA RS, ERBEGET ORI X 0 BERRERHTN N L C A8 EL

D BRROMRAECH T B NEML, BRICEDLAD=ALLEZ LD,

BRfE LT RTA Vv —%8kid 5 &, 200cN-m OEEME ) A XTI, AfFEH
DJEWILAR T MAPBEI T, £72, 1eN-m K TIE, AfFA OB/
A Rz, BERE—%—LRRICEENS 4 AOBMBPBE S,

BRI AL DR8N ) A XX, & D RPEDJEEEI BT 2 M5 i &
JELAULHEINS 2 DO TR <, IR TRET LD /A XTH Y, JAEBIHH]
ME T2 EIIRETH L Z b oTe, £, WTORCOREAERRTT
BT, AR OREN ) A X LT 0RCORBAIIRINT 28, 4 Xk
X OMENRH DL EN DT,
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4.3 TEFEZRAWIERARHE

L, SEERBERTROBEIE D REM ) A XOBIMDHER SIS, $BH
MRHEZIRET D202 2 DOFRENRH 5 Z El¥bo oz, 1 DHIL, BAICEE
IEENE ) A ORI BAITHAIMER 202 &, 2 SBITANMEEE OREN ) 4 X
EHMMIEAT L L ThHD, T TARETIE, AlO—FETHHREFEICE
A3 2%, fix OBEBSESZ X RITIET0OR CISREAD & 5 REE & 22 W IREED J& )
BART MZOWTIRBFEZEH L, A2 5 DIRELZHNTE 2 FELiE

ESENGR

(i) CNN OffE

U4, RIEFE (Deep learning) (IBIERERECE b, =afLBElR Ehkx 72

SBFCIEA S, @OVREEZFEBLL TV DHMEE FETH 568, 2012 FIZH
SNk & BRSO a5 %+ ILSVRC (ImageNet Large Scale
Visual Recognition Challenge) (23 T, Krizhevsky © D% @S D& A A Fx
=a—7 /%y hU—7 (Convolutional Neural Network : CNN) %M\ 7= F
EBITIE, ERFEICHANTHENREMICH EL, REREAEZRWNZ, £h
LIFED ILSVRC Tid CNN Z iV FEN TR E 20, N THIGE ¥ CEE RN
EZ LD THD,

WRO=2—F %y hU—27<SVM (Support Vector Machine) 72 & D
WFEE TR, T FEANCREEL ML, FEICHWOIRERDH T, £

DIz, EHE OMBEAAHE IR e 5 2 Tnie, —7, CNN TiE7—~
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AL, FEOPTREBEOMLEZ BT 2N TX 5, Figd.12 I
CNN oA Rd, BRiALE, 77—V 7@, EE B, AR 2 EK
MAEDOETHRSND, BRAREIT, AJMEICT =V EMTND 7 4V H
AT GO LT, FEEA TS, I—x B A N T A FHRECIHICE
B S TT — X 2R LREAE LT 5720, FHERT—2 0 EDMEICH > T
LN TE S, 2O L THELNTEH T ER S~ v 7 LYY, 1—3 LD
NN ERE~ v TR 2 5, 7= 7RI, IRV OFERO T —
B EFEREOFEEMEICEES L, T — X &M/ T D0 Th 5, IEMEBIRITA
IMEZ IR ERT DN THY, 7T FEE 1/(Q+exp(-x)=° tanh(x),

ReLU(Rectified Linear Unit) P37 EREH S 5, 2 b OJE 2 EERLAG

T, AMEzE2TH/ —FEfia L T2 T2 e8fEEAem L THA S D,

| Input |

’ Convolution ‘

’ Pooling ‘

’ Activation Function ‘

’ Convolution ‘

oo o0

’ Fully Connected ‘

’ Output ‘
Fig.4.12 CNN O %
Fig.4.12 Outline of CNN.
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(ii) CNN n%H

AKX TIE, Y=—Fvy hU—2aIa=4— a3 XD Neural Network
Console (Z & W CNN Z#4§4L L 7=, Table 4.1 (273 5 Fi D E X &2 Aff & L,
Wi T2 DAL OFFDAFT R L2 53 200eN-m 38 LTV 1 eN-m K231 D m8 M
J A RZPNE TR LN EREA R bvaz AIMEE LTHW:, Aff L Lotk
RED 10 1Y) OFEAEDEIZEBNT, ThEN T0EO A~ MrzHEL, Z0
26 50 sy EFET -2 LTHEHL, CNN 258 L7z, %0 0 20 #4525

fli7—4 & U THHL, fifoia U Ofgs bR 2300 L7,

Table 4.1 FEXELE & ML o T DR
Table 4.1 Specification of household appliances and torque of Ts.

Appliance Power consumption [W] Torque of T, [cN-m]
Electric heater 1050 200 or <1
Dryer 1200 200 or <1
Incandescent bulb 800 200 or <1
Electric griddle 1100 200 or <1
Portable air conditioner 950 200 or <1
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Table 4.2 (2 CNN OH§RiE /<Y, (w8l A XOAR7 FUE 1 H%4720
10,001 A THEL, ThE AL+ %, Convolution (THAAAE, Polling 1L~
— U 7JE, ReLU & Sigmoid [&iEM(LEI%L, Fully Connected 134554 & % 2
NENEET 2,

Convolution 1 TH—F/V (7 4 VH WL EAT S EAITH) A X 4D7 4L
BWANTA K (=3O 1 Tl SNb, 16 O — 3 VA2 L,
9,998 D7 — X MMM ST 16 DK~ » 7R S5, Max Pooling 1 T
FH—F WA X207 4 v 3k 2 Tl S CTRORAEIC & X #2508
I, T—FHD 4999 [THiE/ N ST 16 DR~ » T ERE LD, ReLU 1
TIHTEMEALRE% ReLU (T L W ZB¥aS v, LLUF, Table 4.2 (275 L7245/ T CNN
A5 LT-, Convolution 1—ReLU 1 75 Convolution 6—ReLU 6 % T 6 [A]D
BIIATIIREITYN, 154 DT — X PN S TR~ » 7 128 MNERL S U
% . IEfEZEA_E D 7= @ Convolution 7—ReLU 7 % Convolution 10—ReL.U 10
T, BARIAZMHELN 10 [Bl S j7z ReLU 10 O HJ1E, 150 fE DT — & 235HA
SNTHE~ v 7 128 ¥ (Gf 19,200 T —%) &725, &fiAJE Fully
Connected 1 D ==—1r >~ 1,000 EOfEIE, 19,200 HETDOT —F ODELDEN
BENTME L 7%, Fully Connected 3 T1OD==—u AZENSH, HEL
B%co> Sigmoid TAME X AU CTHRASIMED 1S S, BHDBD DD, IR0H
HWr S5,

Z @ CNN OEIE, B —F VWA X 2~10, K~ v 7 2~512, BHriALE
4~10, EFEAME 2~3, Ny F VA X 4~256 D)5 100 Epoch DE N T =
A MBERZ T =RFHGITIHET 2 L ITEITHRA L CIRE LT, 2ok, FHD

TEALIB L OWR & o 572, AJJEZFY 0 4 1 IZIESMET % Batch

normalization56l % & A JE 3 L OV A E OB I A L=,
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Table 4.2 CNN D#k
Table 4.2 Architecture of CNN.

Layer Kernel Shape Strides Sizes
Input — - 10001
Convolution 1 4 1 16x9998
Max Pooling 1 2 2 16x4999
ReLU 1 — - 16x4999
Convolution 2 4 1 32x4996
Max Pooling 2 2 2 32x2498
ReLU 2 — - 32%2498
Convolution 3 4 1 64x2495
Max Pooling 3 2 2 64x1247
ReLU 3 — - 64x1247
Convolution 4 4 1 128x1244
Max Pooling 4 2 2 128%x622
ReLU 4 — - 128x622
Convolution 5 4 1 128x619
Max Pooling 5 2 2 128%x309
ReLU 5 — - 128%309
Convolution 6 2 1 128%308
Max Pooling 6 2 2 128x154
ReLU 6 — - 128x154
Convolution 7 2 1 128x153
ReLU 7 — - 128%153
Convolution 8 2 1 128x152
ReLU 8 — - 128%152
Convolution 9 2 1 128%151
ReLU 9 — - 128x151
Convolution 10 2 1 128x150
ReLU 10 — - 128x150
Fully Connected 1 - — 1000
ReLU 11 — - 1000
Fully Connected 2 — — 100
ReLU 12 — - 100
Fully Connected 3 - — 1
Sigmoid - — 1
Output (Binary Cross Entropy) - — 1
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FEII ANy T A X% 10, &K Epoch #% 100, &b 7 13U X A%
Adamb?, o AR AE NA F U RET L b —L LT, EAOFKELETT - 72,
NAF VARG br =, FEMERE EMMETET 2 EEER NS <2 D
PWEND D, FHERE Figd.13 (R T, fithE, = AR OMEEZ R, 2 X b

BEALEERE TR S 5 v 2O 1 Epoch WO F¥il, =5 —1% Epoch #& T
K COFET —ZBILOGHET — % ZNENICBIT 5 ZABEOEEfEE R~ LT
Wb, 728, 1 Epoch 18T —X %Ny FH A X550 10 EIZ3EL, 8%
10 [F1T> T\ 5, Epoch DNV A P B L O T —DENMETF LTV 5 7=

BB FAT SN, FEMTOILTWD ZENTND,

0.50
0.40 \
030 1
% X —Cost .
0.20 . —Tra%nlng error
V\M* M / Validation error
0.10 \J\u\%}\m 4
e
0.00

1 10 20 30 40 50 60 70 80 90 100
Epoch

Fig.4.13 CNN 02238 i #
Fig.4.13 Learning curve of CNN.
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(iii) CNN OIS EE

%O CNN ICH LT, #HlT —Z 12 & 0 RS 2 34 L 7245 5% Table
T BT — ZIIRR L2 K 91T, daf Te R COKEO T Fv o n
200cN-m (§E#72 L) BE U1 cN-m Kjii FEHH VD) OIRRETEALEALHIE L
7= 5 FEEA DRI X 20 #5r DA AT M vE R,
DI L DOFEHDIRVKEE (v label=0) & & 5 IREE (y : label=1) D IEA#E
LT, FHET—% () ZRTHDIHETETWD, £07w), BIE,

WA, FEMRLEHIZ 100%DFEEZEL 2 ENTET-,

Table 4.3 CNN O FFAf
Table 4.3 Validaition of CNN.

y’=0 y'=1 Recall
y : label =0
100 0 100%
(200cN-m)
y : label =1
0 100 100%
(<lcN:'m)
Precision 100% 100%
Accuracy 100%
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(iv) &%

5 RHOBRMMEAME L, W1 Te DR LOfOAT kL7 43 200eN-m £
F 1 eN-m K2 T D38 ) A XRE TR/ DI R A~ Fvz Hu
T CNN OFE 2170, 2al BB AN TE DL Z & 2R LT,
FABERT — U T8, EREAREORSS, N—FNY A X, AT A R,
R~ o T8 EOEFRT A — 2 OBREOHFIT—FMIRE->TE LT, R
ITHERAIC L W IRE LT, CNN ORERRIC X » TIIRHIEE R K E K LY, 4
DERT —Z BN T HERIAREDOE, SR, FE~ v THR Dl
RFIZIEfRERDY 50%ICR2 558 bb o, D), T8 Wi U7 i

CNN OHERLZ RET 3 2 M E R H 5,

44 FL®

T L—=H & =T VOB S L L, AUt 2R A TEER ORI TR
A9 2 IE ORI R L ORER O FAONTRER Z B E 2 T, KRITED AL
=ALERR L, £z, BERERIIHEINT 28 A XD AT b
WZEDSE, RIEFE e O IERMETE IR R LI, B D e R 2 RIS,

(1) KiDFHT bV 7 23 1eN-m K DOIRFECER E — ¥ — &2t LG 612,
fRENME ) A XRMRJAVVEIECHEIN L, EBSRNBE I, B, Bl
BN HIRETY, BROBEMIREEIZ L > TIHELIRELZVWEELH D
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(2)  FEICL 0 EIESEAET DN, BEGID KA TH D Z & SCHENE

PHCIEFA Lo, HEIC X DIEE EFIC L0 KRIZE D aTgethidfiunv & &
ZHID, BRI L CRENC L 0 BROMERECH T E 8RR L, &k
HICHEKICED AN = AN EEZEZ DNDN, FEEFEDRRETH D,

(3) SFEHOESRMMEEAME L, fiofHTF 223 200eN-m 38 KU1 eN-
m R I D5 ) A ZPE TR LN AT S ra v CNN O
FEEITV, BHOMEREZRIELZE 25, #@Y7Z CNN O 2 31
D TRIBRFERNGOND Z L vbhroTz,

(4)  ABEFHECINUE, DBEBITHAIAATZ~ A 2212 CNN O8R4
FARL L BRI OFR A A MR CRERE IR T & D ATREMEN B D, FRA
FRCERIL N T D VAT L EEETIUL, ERFIEORETH DR FNOF
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