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Type E Control Centers

Since Mitsubishi placed the control centers on the market in 1964, the Company has made untiring effort to make
them possess rational performance, high reliability and safety in operation when used for the control of low voltage
motors and for branching the feeder circuits. As a result, the real value of the devices has been recognized so much
that they now rank the first in the production of this line by reaching 50,000 sets since their debut. The products
are well commented not only in the domestic market but also welcomed in twenty two countries overseas.

Recently they are extending the application to the facilities in the field of coping with the public hazzard such as
sewage disposition and dust collection. For the control centers are used Mitsubishi no-fuse breakers, the second to
none in the circles, and control apparatus which contribute to the excellent performance and high reliability in the
operation.




TEEERER, F7AFF L

UDC 621.316.57

RIENKRA L 2—X{F & LoWER( L5 T7L—7)
AR — - EHER R LB - BANE

=ZHEBHFER Vol.47'No.6-P567~573

WEXBROTHHEL 27 L2 BFEMIFHT o 2ni2l, 22y FF
UL BT T 5 Lo Wi 2 BT 2 2 e 2 Ch 5. —, &
EOTEHIRB L 2T 2o B0 GERL o Wi R 2 URY 2y — 2% (2 D,
S o bl LIRS L O oMk bR L b LT, B
KA 2 Z{E L o B RS . SRR BEIHIKA L 2 — XU
LRI, 251070 AoMEBNREIICELE L AR TT o/ —t
2= X Lot OMOBIRL c W& AL LN TH D,

Z T, ARHLTIB00A FL—LET, Y)-ZLLTE2 kKA
boa— XfhE Lo BisE &5 Q RIS L ASBIR L« i ATHE 2 IR B4 &
KA 2—ZfF &L < Wik LowTHBMEME 5.,

UDC 621.316.57

RIENRE L » ¥igs 0 FERE
IESCESE -+

=TI Vol.47-No.6-P593~599

R 35 & CHOARREIT X LTRE L v Wil R Lca Ly, b ET
SRS L Ho THEMMTHEA Z v 3w dyvy. AL, H
WE L TR LATE AR 2wt N VIR L v BF R 2 ORI 25 ITA A
THLNT, TOHEDCCHEREF 5 E BRI L Talk.

O

UDC 621.316.34
KAkba—XEFERALIzaYa—-ILE S
WHREE - B %

=HEBEIR Vol.47No.6-P574~578

SEEEH T 2 PRl BEEEROER D MMo—E % 22 & 0 R
DFRBNT 2 EEEREFCHE (LT 5.

T, BECAmES s RE L2 s, B AR Lo T 2L
Witshtim &, RSB 3 IE TS, SIRL Mo n
Tvwd.

KHLRHRHFTFORAL 2 —XFREHEE LT D, 3 ba—nk

Y OBRANIZE L, > ¥oMlnydiHE i L,

(WA, —t2—XL <:>vM%WLvM$ﬁﬁNMWWWﬁNm%.

(2)/ — kb a—2L < Wi
L.

FHE IR L < i 2 KERR E TR

UDC 621.316.545
=EBEHHRORT & B
I

=T V0l.47-No.6-P600~606

SRR MM, B ml, BRSO RR
IR v, B B EMESoERoBrdn s L LR LR
LAEMIERELTYD.

TR G T R O B BRI & L ORI o dink, BHHL S &
GRS oL 22T B, 2 2 TR FlRE S oo Sl = =24

MR ) — X0 WRAIOME LMD O L, WEEALE

REROBEHFIL TS,

UDC 621.316.57

SCB4000Fs AT L 7L —F
BN - SFE—
=FHTHER Vol.47'No.6-P579~582

N B ERE E T2 ) — b a— X L x IR T, BT 5k
AERprta, B BREZsVT, 4,00AFHBO 0 FRREATVD.

L E, 24FHT, NF40000/ —b2—X L Wik 2RRET L TR,
Z 0%, TR - BEY - BRI coWRt B, oy, SCBY
)Xok e LT, B - ERE - S LS REONS s Z TN
JEREERI P T2 5 SCB4A000E Y A F L7 L — e BASEL 2. AL TH, &
OUSBELBEAT A L L LIS, BEME BB =L Fr—A%F, X
BRI L %5 MBS Q TR TR T 5 .

UDC 621.316.545

TERIBIRARS EMBR ORIWEIR & IBIMRE~ DB
MR - BT

=FBHHW Vol.47No.6-PE07~613

TP, FMEIIKELFREOMUERLERLTETV 247, &
RIS &b %o THMiMME Lk & <, ANEE - SRR Lo TR, H 2RUESS
WOHIRIZIET VT v b, Liedt> TR TR, Eifi@ime LT, ky v—
Ty 7ERTE TV BIEHMARED TREY % HAE & ¥REE, T4 b b R
B R O MIE, BB, Setom el B CEmL, SR
DV, SHLHEEICET SEAKREMLPICT S & L, Kol
HONEZILERI L, dbe T ERoBERLEEML 2.

O

UDC 621.316

EERECH 5 ERIFERDA
LOFER - /B

=ZHE TR V01.47-No.6-P583~592

EHAFEEOEHB~OEHEOHHREHFR LT, ARy 3y b
-2 BEFRYHE. L, TOREHFRTE, BEEoEHER»ED
ST RELHD, FNFREI, 0, BHOEHRMGLEZEH L CLET 2
ENEREND. ’

ITi, /b a— A LW PLCEEA L -X2LES, I
NERIEACTES, #AY—F Ny 7o 7HREFNE L HRIRL < BifkGE
FRIZOWTRML, BEFCEIWITEHE L/ —ba— XL+ il s & Ul
B & 2 — % 0 RS 20 Q DTS

UDC 621.318.56

s RKESEOBA & ERE
R 1 ZETE - RERE
=T V0l.47-No.6-P614~621

SRR R ST RN o L - AR Lo Ko i iz DA
ML E L, PSSO SEIL - SERILoER I EmE > Twd . —T,
SR O B - AR O SRLIC & L 2w 20 3, B & CEAS M

EhY, Do, EHORAE HEEEORAGEMEEEL T 2 EEAER

L% » Td,

AT, HERGES, 4hTL 2 oduLTEE & LT o Rl EREGE
8535 ¢ BB o M & A o TREBLL, BB 0 A R
F ks OBEEEL L Q YLD,




=FEERHEB, T7ALF 2L

UDC 621.316.545:621.316.92

KA ba—X¢ BREHMBRNOEEE
f FBLAT « #%IH5L—

=ZHFEWERE Vol.47-No.6-P622~628

BLELE L« M2 L BRSSO HWHEC B TREFR»RET S &,
SR LA LDBABHMAMZENHRE K-> T,

YAFLELTOEMELZELD LI NRFELCE v, BenBEELH
Brhh, RLrFEREEIR0RBL L TRINTETS.

W T, BRI S ORE AR L e Hy ) - X EHEARAS 2
WL, TRIRKAL 2~ 2HAET, SHM60VS0kAE ToLRIREIH
N EELREGEOTRE Iy EA—Ya Yy AF—F EEAL L. FXLTH,

UDC 164.3

Ry — IR T L
—LYYa—arsBUWEEROMBTASTL -
FHEHHE - K X

=HTRIR V0l.47- No.6-P649~652

EBOHETHICELNS T . A Robinson DL 2 -3 7}y
LEBBICEAL, TREA 7N A PLETO TS L0 L ZRITHERT.

H 3 ) — XERBE 8 0% 1% - MR, kAt —XtHARLEES

S U— B ERAL < ¥ide LA Ao EHH ORI L & B/ Q
L.

UDC 621.318.5{621.313.3] UDC 629.048.7:621.375.826
FEBHRORERTR HF AL —HINTHE

A P
=ETEHIR V0l.47'No.6-P629~635

SHEEE DB T SRILOMIN 2 A b IS . AU N
L 4ERILD 5% 5 Efin, 851 FREADIF &7 S O M
W, % I D OB, 1 W L O LR b - L
DY, — SR O ML AN, R & R IR LB 2 B
PR AURASL I TR S

U 20 5> CHEIN 1 0 2 IR R  2 3002 L, RET0 2 10 RS e B 2 &
SEREARI E h o T d. T2 TR b ILEHGE R & LT A Ak
T, B oML BA kil 3 EAbEN 5L UPTCH

SRy R LR O AR O WL & b, E 7 F OB
WHEOMIR AEETEn .

HAF K - A
=HBHHIIR Vol.47'No.6-P653~659

B AL—Y L AEHAY—EEONEI AR PIEETAI LD TE
. LidoC, il CRdlyiEEs L VRS TMLrKARTTES.
BRI R <, MR L 2o o THMEMIS AR L & v

LR 30 J el 2 EEIERN0. 4~ Tms D 7S A v— FINTH £ sk fEL 22
T, U FORREHLE & USRS ER - AHT TR TS,

Lotk 202k ARG AABEEBMC OV TETL, MEREOET L
MO THEITAARERD T2,

O

UDC 621.316.925
RBREVL—E2ncHB

Pt CARERULIE /PN

=ZHBHIER Vol.47-No.6-P636~641

B AT N DB IS s (R 0 2 LTl v ol i
LTa7, BidEY v—L NV ZBEx =2~ s4idiEmz, >
— ZALL DT IRBAT L & E LIt Z~3DAElic DT Lk B,

O

UDC 621.382:535.374

FERL —H
HRORBEKED - AR - WG - ROR
Al W BHRRRT - TR - W
=ZHTHIE® Vol.47-No.6-P660~666

SR TR TR T 5 48K L —F 2%, GaAs-Gai-xAlxAs 57 ~Fo(D
H) #a4+ Mo s, Sl - BHHE s © 4R o sEIUIFE LTy
547F vz o= A0GHL, FLOBECA-L., 2HDHUV—¥I1,
BIER M E 2T o R ABIR T, EREEI IR IALLD
HEVFELITMNETH S,

AL T, bAHAHR)HEA T3 DHEAESRRELHIERL KL

¥, SLiER B2 awd G, B850z, EBBLNEL—¥ET
28T AR LR LE L EEERE L YOIz 2w TR~ S,

UDC 621.316.57
BENDZALARL v FEZDEFE
L FR - BERELZ - AR Z
=ZHEHIEER Vol.47-No.6-P642~645

BEN 7 4 LA A v Fik, GEBLLEHEIECERIR TS, FITR
WENES 4 A4 v FizBvTiE, (EHRN200V,154,30A2 7 2 & LB A
MAROKRIL & EREE QG L D200V, 60AfkE CHERT v 78R, &1
BB S 4 L A4 v F 2B TR, UHRZK EL Rk Sifir s, R
HERPBMOFELERENLT 3.

ZITRERD I A LAL S F DAL, BIEHEI LS A LA S FIE
DTN LDTH D,

O

UDC 539.27:543.42
F—CxBFHHEE XD
SAEME - BIRE - - KB K- ESLEE
SEHTHLR Vol.47 No.6-P667~674

*— 2 BTG, BEORRBLABRKEOEBER L cHF o ETh
FHFETHD. ALTEA— V2B FRILORALHEASR + =T F
Bt okiks, o — Y 2 F CECE ST RXBOUE, F v BT oBHRS,
Ffe Loxzian¥ rAHME BEE sian xz o 2b L JERE,
H LU O OIBHE] HRC AT - - R GRS - BB R
DK ERGT O XEHC L EoWwTEREL 2.

HEZORBE R AN EED K0T 4 ZIEAEE T, WiET o A0GF
Wi, BB B E OB o Q RO E B T L S B




UDC 621. 316. 57

BIEDKAL 2 —XfF % L%%ﬁ%& (’711« 57 L—7)

A & —

- EF B/R XOEF A MES

Recent Molded Case Circuit Breakers with Permanent Power Fuses

Fukuyama Works

Keiichi Yamamoto + Toshio Jitsumori + Bungo Hara - Hiroaki Fujihisa

In the design of economical protective system of low voltage large capacity circuits, it is essential to install circuit breakers having

a current limiting function suitable for a cascade style. On the other hand, selective interruption is much desired for recent circuit

protection system. To meet the requirement, circuit brealkers with new permanent power fuses have been developed. They are possessed

of both the functions of current limiting and short time limit delay.

At the occurrence of short circuit faults, the permanent power

fuses operate to limit the current, and the operation time delay of the contacts effects selective interruption between them and no-fuse

breakers of lower degrees. This article describes circuit breakers with permanent power fuses classified in a series up to 800 A frame

and newly developed circuit breakers having short time limit permanent fuses capable of selective interruption.
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Cascade protection of type NFU ultra breakers.
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Cascade interruption oscillogram of NFU 400
and NF 100-E.
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Interruption oscillogram of NFU 600-TD.
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Motor Control Centers Equipped with Permanent
Power Fuses for Limiting Current

Nagoya Works Shigenori Hotta - Masaru Takahashi

Recently various plants have become of a great scale and transformers for supplying power there are ever on the increase in their
capacities. This has brought about extreme importance for the protective device on the power system. In the event of any short circuit
on the line, to interrupt securely the faulty circuit of the system only and to keep other sound line operate with no discontinuity of
service, that is, selective interruption of a high capacity is a vital requisite.

The article describes permanent power fuses patented by Mitsubishi and equipped to limit the current at the intake of a control
center, enabling the following epochal matter to be realized.

(1) The interrupting capacity of general purpose no-fuse breaker has become as large as 200,000 A at 460V AC.

(2) Sective interruption is made possible up to a large current range between no fuse breakers.
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Type SCB 4000 System Circuit Breakers

Fukuyama Works  Kiyohiro Hasegawa - Junichi Terachi

In the field of no-fuse breakers having features of being small sized and economical, there is a trend that the capacity is becoming
larger year after year. The product with a rating of 4000 A is reported in this country at present. Mitsubishi completed the develop-
ment of type NF 4000 no-fuse breakers two years ago. Since then much study has been made to improve the operating characteristics,
economy and terminal connection, and the development has been made to produce type SCB 4000 system circuit breakers, which, as
an extended model of SCB series, can be adjusted of their long time delay, short time delay, instantaneous operation and ground fault
protection in a wide range. This article introduces the outlines of the product and describes the skin effect, heat dissipation and a

molded case which pose problem with the enlargement of capacity, also stating the means of settlement of them.
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% 2.1 SCB 4000 va563L—h OibkE—E
Specification of type SCB 4000 system circuit breaker.
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Coordination of Short-Circuit Protection
for Low Voltage Power Distribution

Fukuyama Works  Kiyoshi Eguchi « Toshio Jitsumori

As a highly reliable power feeding system to an area of high power loading density, there is a spot network distribution system.
In this system, however, short circuit current at faults is extremely large. Then, it is demanded to dispose of the fault current with
safety and with keen attention to the continuity of power supply. Explained herein are nofuse breakers as a central subject and,
including distribution line fuses, cascade back up protection system and selective interruption protective system which with meet the
requirements. Also description is made on concrete examples of combination of no-fuse breakers and distribution line fuses which are

made available based on the proof by test.
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25y T Ty T O T,Rey—%
10 ERL o [ O O wtsia [O IR e X
2118 O BRI, 2 ORIR
REANEES JEHEVELS BE
g ) scB
AREIRSS RO ES) & il O 128%RobEy | A
Y fiear
e PNl &
{5 mag tripfia]
Hrram iy
1D
12 | bk A X X A 12626 To} 4
BNt Eil
O BT L—w
13 ARG O BHilE | X X O O
L Wi
4 EEEA O zbnhT|X A ka=R O FhaTHERK O
sl ea) Hedel | o PR AN
15 4 » 5oy 1O BEMSY | X X O WHW1 7 10O
Fuq7%f Q. 7l
16 M | O e | X X e @]
7% PN % brdid lﬁr&’] O
18 kE&( ) K A FN Ly
190 P s i tCey—-% |k
#:IT,Rey—%
20 | A4 TE ) A IS K Te=Fo A
TIAEE
21 [ % 5F O XFHE = PN 75 G o]
e T
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W30 BRBTH 5, FHMOLAGIHEE» NS+ 2155, B
M1 E 3T LR LA OB % 3722 5 C & 25T R, WA
Gk Y, BEOHEREY UF LT AR L« izbe, St
@ DB BT L« Wi isAs C L2324 &),

(2) (EIEFERA a3

EIEDIRIETE )] ta—Z ICHE UCIBRBEEER 3 O IR HER
VL e~ &, /INB - 5« ZHiT, Lo Wik x e ns BE
B LT, BERERCEHI G, Hiko FA-B JB—ikHR
T ta-A, FLNJB NFB Roo7eT RERGH ta~F, 5 X KWFLK
T 2w tzobo—o AEE ta-2 R hicHXT @,

(3) FEH L« (NFB)

ATFDD ARSI U o Wiok LARFERTSUT taX OREDIT & A &
EHEMH UAHRAA D T, BRI L «lfigie s JISZLX 0y,
~ta-Z L Bidk (WF: NFB) &I G & 5%,

plE, £ S sy—F, Jusiob & Coy—d, EiEo Hy
2, (RIEREHL ta-X iR T ou-F, BRERICL2BEER o
Y-Z BEEMHLC, MRS U e EEE 2 i L, SEEE
KBRIECTW B, & it kA ba-27 OMRFHHEE FFLx
U -2 ik, 200kA 2w SRR Ao Lo Wi e & opilm

AL WHRCH 50,

2.2 ¥ &7

TH L DR EIICE | 2. L 0L EIORT X 51, Ko
£ 5 RS D

thb% fECHE xx*i' L« W7 R VT A - DHEHBEGE - & DR

- TR - JERKIRA L o 9 - SER Lo - B2 L,
FUEGHIEG IS Shvewv b, e, J-ta-A Lo WL, Wi
A BRRE - DHBHBEAY - SAMDHE R - m EELA L« - mh i -
fligh, &L URSFOHTT N, GIEESH ca-2 1%, L WA
- BREHERE - Rwo7o HEBE - i&‘t}f\‘ L %) Hr, BX Uﬁm%@ HTF <
Twd, LA >T, THODREEED LT, XY IEFEm AR m
FHREBLAFIER LRV,

3. ﬁﬁ.]ﬁl nH 1 nﬁi

3.1 mEEEEHX

L« WHEORBAICE VT, ZOHOBAEMMERL Y D AEw
ERL «WIBEEL 3O L+ BTkt 0T, colcr
HECER O K E XU T, BEEL «WBRES LT kw,
¥, K3.1(a) WRTLSK, LeWiABIUBR, The
NWERHER Xa 5 LU Xp X Db KER L WRELHD X 5 il
KTBdoTHY, zofFix, E3.1(b) KikTksie, L
DIT oM BRIk 5 L+ BiatA L B L oMo Wiiikf=n 55
L EoEROBSGEHEL B2 EFETh3,

= B (A
l L HEA i -
) =
% X !
) SUEE3E L 8B
I
(a) 5K

H 31 BaeEm iR
Fully rated system.
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3.2 HRE~FK RSy sTv7HR

3.2.1 HRE—F RNy T v TOEN

A2T—F Rwores R 2, B3 1 (a) kRd X5 afEics
nT, EAE L - WRAR, TOREEORAERERY L« BT
2 L Biaie bR, SEE L e WinB i, Xp Aok
LT R L« BiA L b LeBivBUET 2 L5 3 DTH D,

v L e WA R C 2 AERERICH LTO L+ Wi as O BVE
dm %Mm&;w;oﬂ&wx¢ £, %%@mﬁééh'

Fell K=z OWHBIC O AL b DL EX DN D,

i i,bk%ﬂ@ﬁ%ﬁﬁRi[ﬁfédrwhﬁ.fﬁm
dt KX Bb0Th Y, B, 7-0 8P R B33 Ta-
mﬁfﬁRuﬁml5W&®Lﬂ B X AR DA () 5
1 I 1 BIR L C BB R I VE T B BRI A & 2 B

FGRRTEH D X v, Lm%”#ﬁ%bf%ﬁ#%<awum7a
RIET 22, 20X \» 7—0 B Ry A EFWE T AL
LM XIIEET 2B DN RS,

2B D Lo WitrFER Lol 2 e, ThZho 7-2 HHL R,
HIEEhbz e ek, LATLLMTE2EL %ﬂf]rﬁ
PrUIp hihx Ay, 1ESK)ORETS Taf- VD
XS THY, LAEMNoT, bL2HDL »HitiiiE -z O3F
—oTIE— T, MR E 2 G0 Ly WP D D T LI
B, CHB N2RT-F Awored OEETDH 5,

L L, Wi e Ao iR d 2 L Bitrc, TR
DL+ BHoE 5 HAATET L« BiliEd 2k g i DHHPIT D

Binb, FHFL ¢ WD 70Tt O ARECARD, b
W= Rwg7ws OTHERTIEAMDT 52 2 L R DOTEE & %
T3

bR LA ERD, hAT-F Awored DAL LTE, 2F
DEMRBRETH B

(1) hzar-v¥ L & Wi Ao AR Ir 13
M) L e Wio B olfircahw e,

(2) par—F LoWiioe L obf [# de iz, Tl L« i s
WRERFCH 5T &o '

(3) AWML« MR L« WiREE & SRR L« Wik
R E & o poafao b 1, BT L+ BIER0 ER L« WA R,
HNTHs e (M3 280,

TR b DRI DWW T B L« Wifts XTI L < B Xt

i

, RO (At

® 3.2 har-F Awored BFEEHE

Cascade back-up coordination.

PELERRTR I 51 2 WAG (RN - 011 - S

FREMTO L+ BitEk 72 2RWTRHE LA TR TS T D
Bo ARERDBEILCORILSIC - F RETHE, LeBigmD 7-
D EHANE XN D O CHEMEBOSE X ) RRoRENSEL <,
SL ol [#de & Lo MEHHGE ERA - VDL B TLE
3L TH B, LicdioT haT—F Avored OAIBOKGERL, 4
T2y OOHEGEREBCEWTHBENATLER DRV, b b
Hh, 2FOYX S AMERSEOMRE LTHHATE 3,

(1) B2lEET p27=F o7 ﬁiﬁjﬁ‘é& biF, Eh XY

‘2 dt DK E VTR L Wi o@lae T, F— par-f
L«" Bi7 S A[RETH 2o

(2) BBHEEET HT—F Roored KRR LE, T X YR
FRNE DK E v - L+ W58 & oA TR, B—D hzr-F L
AR TIEETH 2, wFRICLTY, HEo NFB ofigEics
33 har—F fwores ORREE, NFB s 5 \»CRE LIRAT
AN Fer b E D nCHlIANEThE R L AV, ﬁ'_/kﬁ‘?lb
NCTweX 5%k, sorkdut RTFEL «Bitio L« Uik © 802
DAEBRE L, 2w L3 2R ¥0M TR TH 5.

(a) ®iEoLd (1), (2) REEIL TRV

(b)) WMILEEROEEE O THE & W 5 ENCd 20T, HERIC
i oozfitur dlAERECIBET 5,

3.2.2 BEERGRFEEsHRS—F Ay 2Ty 7ARX

PEICIERE R ST har=F Awopwd FREHE LA #liG & L
<4, LR ERICHET OMERD - 22540, 3 ERHEERERK
2HT 5 ACB S icowTHEX R D TH Y, NFB % xffe
L b DT AV, Lirl, BRIl T #E205T, R
#2 NFB 0owC b FUEHEL L D hzr—F L o BilaR» R
xnTEy, WFRCRAEEBELEINETHL S5 CLETRINT
Wwie, DX S RIRTFICE VT, 4745 2 AIcE & W7 BRI
FHTIEHE GREEAAH 6R) T, ZoEBEESHICENT, b
25=F fwores OWARARTEI, B Avsred LeBTHO L+
WiZCEA 10,000 A DL E0 A, 10,000 A % 2 2 EKMHEERE
COERERICH LTERM, 3.2. 1D (1) (2) (3) i
B3 LeBiRAWET s L 2, mT7-F Awored HREHAL
THhInr EBEEEE R, COBET, W Avored LoBid
DL+ Wiy 10000 A P EoBaic BE LG, 2FoX
SELILNLTVD,

(1) 10000 ABITOL «BARD L+WittAvs L 2HTH
L NATROSBRSE 3 7-2 &, Ll «Hik
¢ OHTBEFEOBE R TR VS, FHE OO R—RERSE
DFSFEES T ICRFTE B\,

(2) 4k, SFERTCREEEORED) b 10,000 A Bk hzry
SERBHC R, EEL, COEFEECES b0 hrr-F
Rooyes HRERE, LML «Higse Thol « Wizhss5a 5 EET i
WEXNZESICGHEETRZOTH Y, FA—EFTC2E0 L < B
Ul S CHET 3 EBE X T10000 A Bl 1) OflRIES Thv,
ZNER—EFCR R L » B e Tl « Baoibis 23R
PEBERA—TH 3 C L%, BREBEROMEEATADILT
VEELLNLIALTHLS, hk, A—HEETIERAINS 201
DEDISABRTH S,

(1) E—45En, A—RERNE LT OFIHA

(2) [Fl— #2~tol, 1wbo-i tuz ¥k % OFHEN

(3) F— 2597 A (A—k & OR8N ¥ 7 k45 EEN

Kl
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DX SN - THOBFRICAV D)

(4) FA—EREAN (ZEE - £ES)

3.2.3 Biita—RERVBIART—F Ry 27y 7THR

BT b L« 88 & LC Ea~X 2Flv, FRIL
< Wigh e LT J—ta~X Leliliz 3 12yt Awored HRIC
DATHHEL TS, ZOBHGEME, /-ba-F LB
D W27~ OFEMFERBET, DFOHRMESBE L T Tn b,

(1) ta-X ofKEEERH () &, /-ta-F L Wiktomek
BWSRER T 2 kv &,

(2) ta-Z 0L 2B &, J~ba-d L« BEROBWIELL
TTHiTd,

(3) ta-X OBEMIRHEE J—ta—2X LoBio £ U « Brikig:
e D sprffub [, J—ta-X Lo Bir0ER L « BIARIAT
HrTE,

3.2.4 FHRLeWRE AR~ F Sy 27y 7HR

TNETEDNTeDE, 3. 2. LIED y-ta-X Lo iegRES X
W3 . 2.3FHD ka2 & )~ta-X LA BiRDHEEDHEETH 3
A, L «Widge LT oM CEEZED L« Bifend 3,
—La~Z U« WEROBREE L« WilEREAS, Bax 20ms BETH B0
HAT, S L < iR, PREIVEDCHETY, 30~60ms o L+
Wi A 22 5 DT, Jmba-Z % ART—F Aworwd 332 LET
B, IHIL ¢ WHERIFEED hzr—F Awored KD WL, ASA.
C37 WHENRDHY, LML »Wikko FEIIVEER TRIL « Kies
DERE L+ B 80 BLINK tu b R TwiE, WHETH B C
EBEDNOENTWEREDIRIMEALH TR, [P L Bk
L+ WiAREARR T 2581, Bl ta-d TehE Rvored T3
CTE¢ENFB BRI TADILE, A%, ta~X & La-X OHEE
Kowntl, FA—BXOR—E#D ta~X TEINCT 2 5540
Ea-Z & ba-R D nzr~F BEKRTHY, —fMiczoX sk ary
PR R A, Bk, hzy—F Avored Hicon
TO%R, BRERMHEINSHECREFEROT AT I X
o TR—EF O EE & WA ZMEFD azr-F RO LTH D, Ay
2797 DHEGEHEF TROHBA VAL TH 545, BFicowThH
10,000ALL EE wS Il ZERT T3, ¥AMiELOwTRE, e
hINRET—OD L Wit RALS BT LEDLITRS
2, TR WA Ea-L & J—ta—X L oWtk @— r-2
PICB#L 2, £-LFr-2 Lo Wiek (NFT ) Al hcwn3 c
EHDIYERHCSBETTECETH B,

3.2.5 kAbkax—RERWEARS—F Sy 27y 7HR

KA ba~A fHE& NFB 2 REE L «Wigse LTHw% &, KA L
2= OF N BAERIC X b, — ¢ NFB X b B ffco N
FB % hzr—F Rwored THCEHTE 3,

3.3 BRL »BIHR

BERL # W7 & 1, EESHHA OB B CE b EwDIE L
< WiFR OB BEWEL CTHBEMRE Lo ML, ZOBEFEMD LML«
W ZEWEL 2 v X 5 1, HHFBIRIC S 3 BIRM L « Wist s 205
KL < WrEs o ICEEOBFI B oML TREC sk ns, 2D L5
K2 Lick o T, FHOBOBBOREYIEET 3 &
BTED, TDX5 AWWEOHRL, #3% ACB oy chH ot N
FBTRZDLSZBNL «WiETERVEHEL LT, 20
BRHIE,

(1) NFB DI L B i 8~20 ms dIAIC 5 5 2R
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F 3.1 HRWE A % NFB o 45 8 8 5E i
Short time ratings of short-time-delayed NFB.

(0.2%)
A A ERERMEE A
400 8,000~10,000
600 - 800 20,000~22,000
1.060 - 1,200 22,000~25,000
1,600 + 2,000 42,000~50,000
2,500 - 3,200 42,000~50,000

L Biano U« W25 20 ms ©h o < b, BIRIETETD & EIVEEEE
DIREERH 2 257 [ 2 W] (R AEE 2 v 3) BE b o Thiv
(B ms BITF Db DB% ) OT, SILEED L o WiZiiz & 2 8ms
TL-BILIBCHERE (HF) LeWiehoTlLES,

(2) NFB offjaalaemEiz 8 T2 8v %05 &, NFB
MWl 2 e Ip K2 BR L R B,
S 2CHok, (1) DEICDWTE, Ftic NFB iciEHTF
TEDEIELEE (STD) 2N i b ORFKEI T, 20~60ms
DEMEIRERAE bR T3, (2) DD wTl, & e b
7 Ip 1 X B BT DR B Y B A LS S RS D KB Gk
BHD 20~304%) A oiBE3C EARETHBR, ThbE »e
SRR EINCHRETR RS 1 0 X 5 2 EHENRERY 55
KE T3, R & NFB QRIS 43 ilElE i F
w3 NFB ok U« B X b BT L 4, 30~40ms 12 b
W5, NFB o EHRERE NS woTh 32, B xaT
L2175 NFB B3 i K& wiEk L« iR R4 303,
ZOMBEE G T UMRRIC LD, &2 BEEDRE LY BDoTH
EAOIEZ BN 2 ERTEE LT B,

3.3.1 {EREEST % NFB #{&BT52RL » if

IR & NFB % U 288 L« Wi, 200 L « Wi
FRIC, BHSE R LETFE NFB e flawclimans s, &
I NFB & 53t NFB oo RE# 2 %183 % &, Eill NFB
DERERTER L, 0 ANRRTCE Y BB ERER X b K
EL{ AT NE AR LR, 53 NFB BRI Su-h < BB tad
¥ NFB%#HwaC ic kb, ST WCIRIBAIIRE T 35 1 2 IR L « I
TRERIBRIRIAT b B 2%,  BHUERS I 59 5 A & IR &
NFB o HERREE 3,

3.3.2 = NFB 2ERAT2BIRL ol

STD f & NFB % il L 2 & 0wk D X 5 4 B EE % s
S7cwic, STD 4% NFB ic ¥ o ic|BEs | 2 33 L B MmL
T, M3.30C¢ bW 3ZIHE SL-n % BHET 3 CEBD
b COX5ICTE, STDH & NFB o U+ Wigmstix, s
BPULAE NFB o Lo liait L s cEiFons, Miced
% I 7%, STD i & NIB o @i MERICHEN T2 3 DTH 3,
IR S TR A & NFB 2R U, 4 WEIE s % 337 L
& NFB 28 Ui & 2 OFEHR L « WIAhEMERE, L 2 Te A %,
L F=TEHEA & NFB Ofs & 23 LER : LoRikan g b
DTH DD b, I NFB »HIERFM:D NFB o4&k, %0 R
L WiTBE 4 SRR R OB Is RIRD L 5 ek B,
2k

IS n
2TT, 2 REARABRORMIGCHT B 1T, F3. 2 108

ENBMTH D, Is RilZ 5 EHERICH LCix, TN NFB
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0.01F

3.3 NF3200 = 5t % #: o f
Triple tripping characteristics of type NI 3200.

3.2 HEAHERKBE

Coefficient of making current.

M E o h HARBGBE®R =»

0.5 1.7
0.3 2.0
0.25 2.1
0.2 2.2

WET 255350 5 3,
LA LAERL, SEEEICEA Su—h ¥ 2 @R a2 & N
FB ’%’@lﬁﬂﬂ@foa NFB % 854, = oM e 5
TLABAATREBRL «WinwaEcs 5, ¥k, Ip @z&ﬂ-/
MREbDOTALw VIR ABERE, Ip B VT L XY KELT

BN L <« WA aEE L 2 DD 573, 'Cﬂfo'iﬁﬂf“@nﬂm‘li’cl
HYERRIC X f’oiﬂﬂ%i&fo '

3.3.3 SCBHYRFLTL—AEBVEERL »Bf

AR O Z TR & NFB o=0 05| & 3" LRHE& K
ORGICTHERETE B L s Wiadss, 7T LIC vIeF 251
U—- v SCB# vazsiv-n TH2D, DED, Elﬁﬁ%l%
FL Bworyd BRME, BRETE QT UK, EERSIZETLE
worwd BRI, SRR E S LR R X CIRRES  E 3 LIBRE
%, BOPFOMITLT, FECEII0TH L, COERKTIER
LR ATEHERE, 40 ms 2» 5 200 ms (at B0 Hz) F-C &AM
PICH Bh b, TOEEECID, 2B EOSRL « B aEeT
$b, Ak, THLOMMMREMFECHECESDT, SBCTE va
FLIL-h 1, EEREEEER L oA S TH B,

3.3.4 kAka—RERWE NFB 2ZEBIRL » B

Bkt sh, FRL W& aar—F L« BHZRRICERLD 3Lk
HWORERTH B, kA ba-F OEEEREEFALC W
E#% L W50 har—F Aeored 2745 & BRI SHR L < Wiz
BOLX 3 EAAEBETH S, ZoEMICHIAT 20 L B
BeE LT, KA ba-d LIERRfTE NFB oflige AL, 2
FEgK I E—fo NFB 2{#Ef3 5, S CEgdisgE L
ok Eicl, SIEREEO NFB AL W3 3 FThA ta—X AEH
EBRAETE LT, DERI%o NFB o L +MAEREXHEAR>C L

WTEDB, LT, HEREgED NFB AL+ T 33 AR

AALa-A D & 0)47\*@ CFIH LT, B0 RgicHERES
TARSTENRTED, TOEBEIRA b1~ TR Wi RKilm

o Ip 1 cxd'l,f, T e Eb X5 2RO EREA & NFB
&, -FoREREERARFELCATLER DR W,
EFEEECET

F 5 ERE R - TEn - e

3

3.3.5 Btk a~XEAVAEERL o

Fl— 243 DR 21— X DEWT 2 REFEEIHO

FIELSF/IUM L TRBE LV IFLWEZALCREOT, X
EI’*#& Ea—d DEHERI LI £1-X OEFRERD 2 5Ll L5

T, IR «WIRTEETH B Lt vbhvTwnd,
3.3. 6 RPL »kigs s DER L » B
L Wi IHEER L Wi e G L vd, 50kt h i

DRE A EREANHEREET L 0MELL, 14 NFB LAY

CETCEHER 2 0 3 0RE LD A ¥, R L « Wi o=kl L
WS LT LA HACTRE, ¥k, ZOEEISIERT
L o fFaIEEmR S 6 o0 25 30 4 1o FRRE O fpH-cFE T &
2HDNRENDT, SEOERL « W HFRIGHFTE S, 3524,
ACB %MK Ic@AL, NFB < ta-F 22 IEE% v 3 840
L+WiHRbABETS %,

3.4 tho#ER L RERE « ORERSR

3. 4.1 BSHARERE ¢ 0RERSH

EEA O BERRHSER L L, TEALERO—RMIIC ta-A
HLRBEBRERE YL~ AR bh B, R LIEENIEE
EOLEEED HL L+ i e OBR L «WiFAZH 2 20 i,
W TEIWERHED S DR bR T 5, Laks TREME
FEOEEM A2 BEREAEL <« Mia e oW#E» LT~ LA 3,
SEALEROEL « Wikt LTARED NFB #{if3 5 e,
B DB TOBEBIBETHD 5,

3. 4.2 {EETHEEAE - NFB 0@

IR BEBHEARE © 4 —21 Y L~ O MBTEGRRIE % He s o0 WS 1% M
/N E b -, JISC 8325 MRz bz ) o L W X U

CHoTH,

MEFRABOENR S IC L 3 &, AfodoTEMERD 10 %21
FEHoTwEN, ERICHRE LT3 0 X % 0 ERIEIEED

0 ECEVSDONREZEVWLSICRIToND, LichoT, THAELE
DG x C 4 AERERICBwCid, NFB ofRRG | %33 LE)
VEIC Xk » TR E Rvored LA Z LRV, L2 L,
FIETIRIC BT @ Ruorwd BRECTTR S T LEEEETS 5
T, BEFERO D 2BRECHBRER, ShEBhvweELLIT
b,

3.4.3 BEHORE

BEMERC ST 2 EEOFEH L TR, T OEROTA R
G U B ERORBERE LR ET LI L », SRRl
Y EEDRCOFEIICHES TR, PNEREHRTH DI dhhb
LFRLWIAREDO L Wik HHT 2 LE0E 285X
(¥fic 3.5 mm? D) DFFE % FEiciEE s 3 0308 H 5,

Y ety
, PRER

4. By b Ry bPU—2Z(C
B3 ERRERRASS

MF, B LERTES% afwb dubo-0 %
Py R I EBRE R 2,

4.1 FAF2Y ba—~RETFA2F7RKEDHR

4. 1.1 FA47KE

BLLIRLELSC, 2wbo-o LD 51042 TR TO

SHRERZEDDTRKECDT, sqoiy FEfE e LTz, M4 1
TTI%?&ﬂ@ﬁx%KMLZ) HMiciswc, NFUF, NFTBEx X
U NF-R BiE, ZNEEPHIBEOL+HEREZ boTw30
TEINCHACE 228, 2o NFB o84k, Dok 5 ic FLK

LR LT, B
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j#1 [#2 3
5.000A 2 T 2.000A% T ©
NWE ‘ 5.00A 2T 2.0 OA T :Z Z C/
i H i
[ : 1 ‘ s
o S S S S
T i C .
o7 D ; ! .
: o 1 E \ PP
| M | — F4247 o ~Z(TOF)
| ' jg FLK7Z
i ‘ ; i
C D i i G
4.1 F104> WEORH 4.2 PF & TOF oif#y
Take-off divices. Coordination of PF and TOF.
% 4.1 FLKIB £a1—3 & NFB @ n25—F Awored Lo Wiz ® 4.2 MRS Josoa ta-X & F4040 Eamd
Interrupting capacity of NFB in cascade back up with GEIR L = WD)
type FLK fuse. Selective coordination of PF and TOF.
(AC 460V Asym kA) (RC 200 kA)
R , TR TTRT IR EaoRB | TAIAT Caim R
~ L FLKI®B v » - =% 0T ] o 1% ] IS % IS
“ FLK 500 —
. 500 A 1,000A | 20004 3000A | 4000
NFB \ A FLK 1,000 |  ——
NF 225-G P80 I e I W FLK 2,000 FLK 500
NF 400-B 150 150 150 - T o - D] FLK 3,000 FLK 1,000%
NF 600-B~ T i i
1200-B | 1 150 10 150 1 FLK 4,000 | FLK 2,000%
NF 1600-2000 | _—" | "] 150 150 150 FLK 5,000 | FLK 2,000%
NF 2500 - 3200 | - /// 180 150 FLK 500 —
NF 100-R 150 Rl D FLK 1,000 FLK 500
NF 225-R 150 o || _— ST FLK 2,000 FLK 1,000
NF 400-R 150 150 150 P (PF : TOF=2:1) FLK 3,000 FLK 2,000
NF 600-R e 150 150 10 | FLK 4,000 FLK 3,000
NF 800-R e 1 s0 150 150 150 ; FLK 5,000 FLK 5,000%
NF120-R | _— | __—" 150 150 150 ) EIE 100 KA % <
® 4.3 FLK#Jo502 £a~2 & 51242 FL1h (TOCB) o R L « WF
Selective tripping between PEF and TOCBE.
AC500V  Sym. KA
THF L FLK . TOCB 1013 SE(FLK . TOCB 2:1)
Toen FLKC =~ A0lE A| 500 1060 2000 3600 3000 E 7000 2500 3000 3060
ik 5000 5000
TOCB(NFB) R.C KA
NFloog  15A~ S0A 0 r EY % EQ £y Y EQ % 5 TTTED
40A~100A 50 7 50 50 50 12 50 50 50 50
NF205-R 0 3 7 17 0 £ 12 B 0 30 a0
NF400-R &5 7 17 2 35 12 B 85 & 55
NFG00R 45 j i 2 2 10 16 35 55 5
NFB00-R 55 17 2 2 i 3% &5 5
NPTI00  JSA— 3R 750 150 T50 156 150 150 150 156 150 150 156
! 504~100A 150 6 5 150 150 150 150 150 150 150 150
NFT225 150 5 B 80 155 1 7 150 150 150
NFT400 750 B 80 150 7 150 150 150
NFT400 150 E 25 150 17 150 150 150
NFT800 150 75 150 150 150 150
R 15A~ 30A 750 150 150 1% 150 150 150 % 150 150 50
ot 2 U -NETI00 g q004 150 16 150 150 150 150 150 150 150 150
Fow L F o) -NFT225 E % 0 150 is 150 150 150
W L%~ ] ~NFT400 150 2 40 150 18 150 150 150
Fo %A% 1 ~NFT600 150 3 750 - 150 150 150
v %+ 1] —~NFT800 150 750 150 150 150
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NFU225B 150 150 150 150 150 150 150 150 150 150
NFU400 130 150 136 150 i 130 150 120 50
NFUS00. 600 150 18 18 150 16 150 150 150
NF100-H 75 1 7 25 75 75 12 25 25 25 25
NF225 35 7 ¥ 2 35 12 18 35 35 35
NF400 ) 7 i7 7 a7 2 B 3 2 a2
NFS00-H i 7 5 Iy 10 s 35 ) 12
NF800-H ) 17 5 7] 1% 35 13 o)
NF1200-H 7 17 22 7] 35 2 v
NF1600 75 2 2 35 15 75
NF2000 75 7 a2 35 I3 75
NF2500 75 7 ) 35 7% 75
NF3200 ) 75 ) 3% 75
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Selection table according to ampere rating and
interrupting capacity.
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L+ BHCHAC % 3 51047 EHOMEERT. HKHsnT, 712
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L= & LCHliH o NFB # llvCGERIR L « iR T %, J 3=
T % 7o BRI & o0 NFB 2 {liffj+ 2 L T, JHRINH & i
400 A JL-4 J«l,l;ﬁi‘”If‘iE’C*a*ﬁ HH L ¢ WA RT3 0T
Wi EIUEME L & I LE00A oL —p BL LAl CH D, iE o NFB
N RN 1 JYH\ L WasiaEcd 5, K X i L jx SCB ¢
SRF6TL=h HMI L7z b o, M g DB RS L« Brds 2 i L
Lo CHb, N FLE B ba-X R 5 b oo-C, widy e e

e

[ 4.3 BHRL«WIEHTE s 51040 HiE
Take-off divices adaptable to selective tripping.

= 4.5 ZHEE ta-A KK XD hRT~F Awo7wT L+ W%
Cascade back-up capacity of Mitsubishi current limiting fuse.

(AC 460V Asym kA)

- T - -
N ;Cfr%{r' Lo Bo@ oo B &
P T50EE £C |
™ - v | (ZRELNF .o
" R | 50kA #¢| 80KA 2| 100kA % LRI 200kA %
SRR | 30
L
SABT | NF 50-H
| TAOBT
! NI 30-S
A ET * (@
| FA-30 B
NF30-S
| FATI00BT
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04 ET f£(2) | NFT 100 | NFU 100
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‘ NF 50-CA
| FA-200 BX
| NF 100-E
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{ FA-100 B4
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i FLN 225+ |
| NF 225-G | NFT 225
225A % | NF 225-R #(2) FLES00+ | NFU 225-B
3 | FLN2254 = WNF225-G
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| | | \ NFT 400
400A % NF 400-H NF 400-R | FER#0 | FLK 10004 | NFU 400
§ ! i NF 400-B
i i
| { NFT 600
600A £¢  NF 600-H | NF 600-R | FLEHS90 . FLK 10004 | NFU 600
| NF 600-B
NFT 800
800A %< NF 800-H | NF 800-R FLK 20004 | NFU 800
NF 800-B
e FLK 2000+
1,000 A % NF 1000-H o
N FLK 2000+
1,200 A ¢ NF 1206-H KE ook
FLK 2000+
1,600A ¥ NF 1600 NF 1600
- FLK 3000+
2000 A T NF 2000 NF 2000
e iF 25 FLK 3000+
25004 2 | NF 2300 NF 2500
. | NE FLK 4000+
3200A ZC NF 3200 hoot

) () BEIRFAT LD,
Q) B, BARHGAE-BECIIcES

{EFEECE I 340 B A R AR - 70T - B

o Fae . - FLNE » — x
I . 3:5%”(;6‘13' 100B/200B| 50 | 100 | 225 400 ;—cs_oB
NF, MB 30-S 100 | 100 | 5031 s 1 |
NF. MB 50-5 100 | 100 | 100| | 100
NF, MB 50-H | 100 | 100 | 100 oo |
NF, MB 50-A | 100 | 100 | 100
NF. MB 100-E | o |00 |
NF 225-G o 100 | 100
NF 400-B T T T e | 00
NF 600-B ‘ T T 0
NF 50-CA 100 | 100 | 100 100 T
NF 100-CA Too |10 | 10 | | 100 T
NF 225-C T wo | e L
T NFaoc | AR R R
NF 600-C T B T
NF 100-R T D T Y e
NF 225-R o T 100 Ty i
NF 400-R B T I TN
Twreor ||| | T 100
) 3 1 NF %7k MB30-S OEHER10A LD %
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£ 4.6 ZEIRM JL-h KX D h2r—F Aworwd L« BiEE
Cascade back-up capacity of Mitsubishi current limiting breaker,

AC460V  Asym kA

A NF—R NFT NFU
FRT L7 00 235 200 500 500 100 225 00 400 800 100 | 225-B 400 g0
NF - MB 30-S 5 5 5 = = 5 3 3 3 3 200 = =
NF - MB 50-5 75 75 75 75 75 | HE1 0| 75 75 75 75 200 = - =
NF-MB 50-8 % n FE it 10 16 10 10 0 @1 100] 10 10 10 10 200 0 = =
NF 50-A 10 = = - = 7000 10 0 0 10 200 % = =
NF-MB 100-E 0 50 2 % 100 3 30 30 0 200 200 200 =
NE - MB 295G i 0 0 0 100 100 100 100 700 200 200
NF 400-B 50 50 100 100 100 200 200
NF600-B~ 1200-B 100 700 300
NF_50-CA 75 5 5 5 B = = = . = 150 . - =
NF 100-CA 15 - - - - - - - - 200 - - -
NF 225-C = 30 30 13 15 30 30 0 200 200
NF400-C £ 0 100 100 200 %00
NF_600-C = 100 200
NF100R % ) E) £ 80 ) ) % 206 250 200 =
NF_275-R 80 - = 100 100 100 100 200 200 200
NF_400-R = = 100 100 200 200
NF_ 600-R . 100 200
NF  800-R o _— 200
Z - = = - = = = = - 200 = - -
0320k A
Hhod{riz2sk A
4.7 FERL «WiAhEAR NFB - to—F offlae
NEFB and fuses adaptable to selective tripping.
AC460V  Asym kA
FRT BILBHHNF B SCB NFT#—2n+y BENF B (== 7
400 | 600-H | 1000-H | 1600 600-B 600-H 600-R
600
I | -B { { i | 600 1200 | 2000 | 100 | 225 | 400 | " |100-E | 225G | 400-B § “?{0 § 25 1400 |y
800-H | 1200-H | 3200 1200-B | 3200 “H [ 1200-0 | "R | "R iogo-p
10 20 25 s0 | 35 | 35 |00 | 180 | 180 | 180 | 180 30 35 35 | 100 | %0 50 50 | 80 | 8
NTFH0-% :
. 5125|252 5 | 25 | 25 25
RE 25 | 25 25 | 25) 25|25 25 25 | 2512
NF5H-8§
5 5 5 5
Mmoo 5] s 5 5 5| s 5 5
é\:\I" ,J"IMBSO' H 5 | 10 20 25 50 35 | as | =0 501 50| 50 30 35 35 50 50 50 0 | 50| s0
e
NT T00-E N
1 ! 15 15 | 15 1 s 5 5
NE 1005 15| 10 5 5 15 151 15 15 i
NT 255G
MB o 30 | 10 20 25 30|15 ] 25| 3 18] 18] 23 30
NF 400- B 38| - 20 25 as |15 L as | 35 ~ 1 s = 35
N F =BT P - ~ T
0B 35 25 35 25 | 35 2 30
NF 100-H 30 | 10 20 25 0| 15| 25| 2 30| 30| 30 30
NF 225-H 40| 10 20 25 4015 ]es | 4 18] 18] 23 4%
NF 400-H 50| - 2 25 0|15 ] 25| % ~ 1 13| =3 4
NF 600-H < - -
15001 50| - - 25 0 ~ |25 30 B R )
NET 100 180 | 10 20 25 50 | 35 | 35 | 100 150 | 180 | 180 100
180 | 10 2 25 s0 | 15 | 35 |00 N R 40
NFT 800 180 | ~ 20 25 % | 15 |25 |00 - = - 30
NTF 100-R 50 | 10 20 25 0 | 35 ]3| s | 35| 35 50
NF 225-R 5| 10 20 25 0| 25|35 | %0 - | 50| s 50
NF 400-R 80 | 10 20 25 50 |15 | 35 | 80 ~ 18] 2 80
NT 600-R
NF s0-n 80 | — 20 2 0|15 | 25| a0 - 2 30
NFU 100 200 | 10 20 25 50 |35 | 35 |00 180 | 180 | 180 100
NFU 225-B 200 | 10 20 25 s0 | 35 ] 35 |00 180 | 180 | 180 100
NFU 400 200 | - 20 25 50 | 35 | 35 | 100 — 1 = 10 100
NTU &0 . . Y5
NFU 80 200 25 50 25 | 100 -] - o
FA-30B 1001 O O O T C 00O C 1 0 C 9] o] O O 10 O C | O O
FA—~60B 00 | O O G @] @] [CIN e O |0 | C @] O O |0 @] C o O
FA-100B 100 O 0] O C | C o110 1010 ] O O 40 O O 10 O
F A —200B 100 O O Lo 10O c 10 O O O G O
FLN=60X100 100 ) O clo o) ol o
F LN —¢0%225 100 5

) O
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Selective tripping of fuses,
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l MBSO S T AT Ot
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Example of branch circuit of motor.
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Example of low voltage distribution coordination.
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Performance of Recent Earth Leakage Circuit Breakers

Fukuyama Works  Kiyomi Yamamoto « Isamu Sato

Earth leakage circuit breakers have diffused nowadays for the protection against electric shock and the prevention of earth leakage

fault.

But there has been not much experience on the matter in this country and many points still remain unsolved in practice.

Type NV earth leakage circuit breakers have been given a number of countermeasures against various problems liable to encounter

in the practical application of them. Hence, these points are analyzed based on the test data,
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Detecting method of ground fault current.
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Westinghouse’s ground fault circuit breaker.
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Comparison table of the detecting methods of earth
leakage current.
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Series of type NV earth leakage circuit breakers.
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594

£31 NVERBEL » ot
Rating list of type NV earth leakage circuit breakers.
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% 5.1 NVERELWE

R DM A:RE

Endurance performance of type NV earth leakage

circuit breakers.
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5.3 BEL-WE BEIL- oNmRRo s
Effect of external magnetic field on earth leakage circuit
breaker and earth leakage relay.
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Hiedid : 1,200 V/div
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Bl - 5ms/div

(a) (b)

5.6 [EIEICES L 2 T8y EITe

Impulse voltage supperposed on line voltage.
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Connection diagram of sample for impulse surge test.
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Performance of impulse voltage.
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Mitsubishi Control Apparatus Series and Their Application

Nagoya Works  Kenji Maruchi

With the trend of automatizing the equipment in the industrial world and in line with the diffusion and development of installa-

tions in buildings and of machines for public welfare, demands for control apparatus have remarkably increased and also technically

advanced at a quick step. The control apparatus, as functional components of machinery, are demanded to extend their applicable

fields, to turn to multiformity and to elevate the reliability.

This article makes brief description of the latest technical tendency of the control apparatus and of the standard series of Mitsubishi

products in this category together with their application so as to help the purchasere select appropriate ones.
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Comparison of Mitsubishi contactless pilot switches.
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Technical Movement and Adaptability to Foreign
Standards of Magnetic Starters and Contactors

Nagoya Works Kenji Maruchi « Hiroyuki Okado

Demands of magnetic starters and contactors are on the steady increase nowadays. To cope with the trend their technical advance-

ment is made so remarkable that they are nearing the goal as far as the compact size and high efficiency are concerned. This article makes

description, in regard to the magnetic starters now under the limelight, on the secondary performance and function, 1. e. a problem of

coordinate protection at a short circuit fault, resistance to unfavorable surroundings and safety in operation.

In particular, mention is made on Mitsubishi products about the proof of adaptability to the various items mentioned above, and

discussion is made on the comparison with the contents of the latest foreign standards to verify the matters in question,
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Kinds of type MS series magnetic starters and contactors.
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Type of coordination.
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Permissible 72 of the thermal relays, series TH in Short circuit.
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Type S-100 contactor.
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Type TH-[ -SR thermal overload relay with saturating
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Type of coordination on magnetic starter and our
available products.
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Standard environmental condition of magnetic starter. WERS b DTH 55, Hoy—3 oBibR, G0 R o
# B " % PUHBH & JAV e U S T, RIS IMBER oo B0 i a2l & R & 40
{ﬂiﬁw&li{aﬁzﬁg SSIC~0°C (1 B0 30°C BT, A0 25°C b0 BBBEOLDIC, REHHOWK LIS A S RO WR
i RE2. 4 CTRIEL 72,
Ho | O 0% B 2.2.2 TEmE
i % | 1000m BUF T~ E 0 23R L, B EAT 20, Do
JEAH A S v g ETEBE - PEfih R =y
PR E’f‘f?ﬁ S R - TR % - R - 537 8 8 ﬁ}gﬁ%i’\-‘-ﬂﬂHﬂl TN B HEREICHE & 5 B - BRI,
| BEYERRACCE RSP HTE A 7 BB R B T IC B L B B4 LI LI
% 2.6 JUHEHKOBIEEREAZ Db, T T O X5 ARG 4 2 B - SRRk
Environmental test items of the standards for shipping. BRIMT 2 EACDH B, ek 43 v BEAFHR I ZET B W
REaie | PO BV # 5 0R% 3, RERHT —40°C BEOTHIMNEREN S, ENICEWT
1 1~100 Hz SHRMER : 1~25Hz TR © 7 b, HGEHEEAEL ORI oBREOTHIEEOE R RS 2, F
BAMRE: : 6D 5 & & 1L vk I
5B R @ BHeh 2, Bl | AR 25 Ha 2 mm < 21 TefHICD T, Bl of F IS (1%92), BV (5522) 4
b & E530Hz 0.25 I BATR 2. 6 CRT L5 %, MEREHECO>WCTOBBRIH 258N
“C& 2 W et
T o i, CRLDERLWAIHCNA 3 C & AR E N T3, Bk
§5°C RH 5~102 fiic 6 WfljLL | 70°C RH 45~75% ‘{,I i 48 I - | 2. 5 (Rt b BT B, L b
TRIMEMARER | ol Lc, BieRRE SR LT, B LD 2 helprEs D BEHER gk i, CRTLED 3, Bl L
i L= BREMIC BT B THESHER, 4HRIALIC LTY QBEDD 5[
20°C-40°C RH 90~100% (12 | 20°C—~55°C R 85% BLJ- (16 . R M B
e | D S20°C LOYA 2 2% 2 | ) S20°C EORL s 2y b G, AICHNTH, ComERIYERL, MSy
PR s amEL, 294 saB0 | 4 L, Dj{ﬁz-éi?ﬁiz’(iiﬂf(x  BIEH S TS % T4 e B L a3l e Lc i Tk Y, B
PRIS URER g ey RICH S C e A
- DI fnEss e ACRENC ot F B BRI S HE L 5, BY S
eBIRER 2 U< BlsE) HikiE 2025 (PH 6.5~7.2), e e A o et " e
A. Tm35 °C, WyERNEI 48 W[, TR, é—@’i»@%ﬂl E] Komfﬁ&ﬁﬁﬁt%’tib& L, #:REMIIC 'i'(!il’:'] g
HACE R, gfgl‘&;*“fc? :"F‘? T, HFEREETCEY, BEEIRORARTH L, TAEHANK
MRS &, AEE Y E ST
ce % 2.7 WRT k5, HEHARBSEToORBEEK LEEL T

ZHERLTE T, MBSO W, »4b ofiifiE <, £

%“rJ B> MS ©y—2 BB S EATIEE TS 5 € & 2HPE L s

IR IC D W»TlE, —30°C M & ¢ ik N )

fECH o, —40°C B oA, WoEEri b wzhe L
T, S-OQBEFEL, chediiLTw b,

F i, BUTIETE F5u qm'msnavm&elnu'm: LW S
F-4 25, W22 ofbeo k& 2 LTy, TOWREe Rifc i
LZH0OURLMTETAL R, chbofiRiesL, Htbcu,
10~55Hz ¢ 4G o R £ % ERDIER % D5 Uiz,

2.2.3 i

ZethoiEklE, »2EHTRILERZBEMT B C L LA LEAN
BB, LLAaRs, HEicks T(iTEE%dZ\%? &L, TR

Environmental tests of our magnetic starters.
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Factors to short circuit failure on reversing magnetic starters.
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Functions required for the mechanical interlock.
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Operating mechanism of mechanical interlock.

B 2. 5(b) S-2x35% WX ER LS

Type S-2x35 reversing contactor.
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% 3. 1 EAHRoXEHEELN—E

Comparison table of standards for magnetic starters in various countries,
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Applicability of MS series starters to foreign standards.
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MAGNETIC CONTACTOR
TYPE S-A35
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Name plate of type S-A 35 contactor.
%%, UL ## - CSA IR #HSETH 5184, &L Hz—- D
NEMKO ##gicd, ZHO»2EFELABEER LR EALEDD
RO L OTER L, 3. 1 2 DERO—FlRRT. K
WOEZLEMEIE LR Le X 5k, CEE #RicE—{bo®&a s,
NEMKO & Lic T &iX, oo eigcowncd, 4k
BHWCRERT 3 b0 L BEbh s, M MSyy -2 Bk ox
WAREBR~OMEE*E 3. 2GR Lk, A CoELCE, BE
TS % b DI ~OMEIR L BE DB Erba TR L 7o

L 9 v

P - SO BE OB & LT, ol abE
EREoEt y, IR ER~oEERKD VT, MSyy—X ERb
BAZE R DTS LT % o BREFARERRL, WEERSNMO A1
Shet, HEABELTETSY, 4%IESFT 230 LBbR s,
phvbie LCh, BERFEFROHSR - ke, FERENOCE
IS L o 25 ENEEREVEEL D, FUOTHIITE
BEW Lcwv,

613



AR E RO & (EHE
B W= TAT-RERE AE

Application and Reliability of Control Relays

Nagoya Works

Hiroshi lida « Morio Miura « Yoshiaki Nagao

With the upward trend of labor saving and rationalization of equipment in the industrial world, the demand of control relays has

rapidly increased. Requirement has also become vigorous for multifariousness and high reliability of the control equipment. On the

other hand, as the types and uses of control relays become diversified, the selection and application get complicated. However, the

selection and application are important factors to govern the successful function of the device and the improvement of reliability. This

article outlines the control relay, particularly focusing on the description of electro~-magnetic relays and timers as the essential apparatus

to reach the goal. It is hoped that the information becomes reference to those who are desirous of improving combined reliability of

control equipment.
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Specifications of magnetic control relays.
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Magnetic control relay series.
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5 3,2 JEM 1230 $i¥%ic & 5 BRREar BBt
Test conditions of electrical life in JEM 1230-1969.
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HEAEEN K 5
B 3.2 RDE zzsa7 yu— OUCRHE & Hw 15
DB
Relation-between temperature rise and
numbers of type RD miniature relays.

R 3.3 RDJB 2527 Y- DY LINA i i
Test results of electrical life of type RD miniature relays
in the case of operation of magnetic contactors.
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VT Aol 5w o [
® e s .
HOIR B 1
S-100 { AC 200V | 0.43A | cosd 025lag | 100 Tl
@
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Companbon of wave forms of
JEM 1230 standard and magne-
tic contaclor
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life

characteristics of magnetic control
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JEM 1230
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-0 ot
i 0 (fr ev) fi
T . i
il E AU
FCHED 3
: SR-8. 4a4b.
AC100V;0mA = 300 2 42 65 24,000 15000 TEM o
- , SR-8. 4a4b.
AC200Vi4SmA 300 2. 83 13 12000 7,700 JEM i
A . : SR-8. 414b.
AC 24Vi400mA . 10020 250 ¢ 270, 400 370 TEM Bl
. : ) SR-8. 4a4b. 2P
AC 20V400mA 300 6 50 61 2000 1640 GTE fath- AL
. SR-8S. 4asb,
ACI00VS0mA | 500 1. 1.3 2.5 80,000 39,000 TEM i
. SR-8S. 4a4b
AC 24V400mA | 3000 2 83 13 12,000 7,700 : TEN s
: ) RP-200P. 2T.
AC 100VH46mA T 3001 4, 33| 43 2970 2,330 TEM Fi
sy . RP -200P. 2T.
AC 24V/i92mA | 300 9 75| &7 | 1,330 1,150 TEM i
oy RP-200P. 2T.
AC 12V'385mA | 100 10 250 287 | 400 348 TEM 1%
DC 12V240mA | 300 1| 83 17| 12,000 5900 RP“”}’ENZT "
. . - RP-200SP. 2T.
AC100VH46mA 500 3 7.5 104 13,300 | 9,600 TEM i
it s RP-200SP. 2T.
AC24VI92mAL 800 4 17 2 590 4,500 TEM i
) SRR-6. 2a2b,
AC12V440mA 3,000 5| 42! 531 24000/ 19,000 TEN g
DC 6V 3mA 3000 3. 17, 23] 6000 4,300 SRR-6. éa
DC 6 V3mA 30 2 17 23 6000 4,300 RPR-4. 4a
A RD-4P, 4T.
AC 100 V/16mA 2,500 & 3| 3.7 33,000 27,000 TEM g
, RD 4P, 4T. |
AC 6V260mA [ 1,000 7| 87105 11,000 9,50 TEM i
. RD-4P. 4T.
DC 24V/S4mA | 1,800 | 2 17| 2.6 58,000 38,000 TEM Fis
|
g j RD-4P. 4T. |
DC 12V/100mA 1,500 1 4 3.3, 4.4 30,000 | 22,000 JEM nlgﬁ
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1Esss iFx LR
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e
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\::4’)1/
M4 1 #&E K

Cross section of type SRT pneumatic timer.

FEEFR] D49 18 fR1E0.5T JIEEEE T 35~40C
e

T palt

MAOTRE : 240V 60Hz A ISRT-N 200V 3575 4%
SRT-F 200V 34 55
j":;/g 1 SRR E
= oo 3ra e et A b ,__,,,.——v:v,——i—::-
R =
o) 0. 1 ' L : : L Fndai W .
- 16 20 30 40 _80 & 70 8 %0 10
o e (5E)
%%, 10} L ——
€ ¥ >
0x 1 1 1 1] 1 1

10 20 30 4650 80 70 80 %0 10
BEEE (FED
(42 3w B&ER

Change of timing due to mechanical life.

Int
0.0 1.0 2.0
T T
95.0 |
0.0} « 1.0
X 0.0
~  50.0k —
R L o)
= - A-1.07\T
L
4 i =
=
i / ; 1-2.0
10.0 /
5ol SRT-F 150
I SRT =N
'9 i3 1 i i1 L i ] i H Lobd 1 Lt
0.6 1.0 10.0
X107

4.3 SRT BRSO Rk o
Mechanical life of type SRT pneumatic timers.

B 4.4 FbAER coBARBEE

Result of corrosion test in H,S.
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RN - BEGES 2 SRT RS R ER cr F—R
THHDM, BRICK 2707 BETHEIC L 3 Foalos HE
WECRETHP A 7o C & &, BB IC I SRR AT BT D TR AT 1T
P TEE> T35, FHadlliERo—frE 4 3 KRS,

BRMETUE S RS CHE U T R o T\ B 28, (R
AEEH OERBEAR DI Do RBRICERE 2 T 3 20, BT
2 MR T2 BD R OT, BREEIROBESICYTE : LT, AC
100, 200V [T R SR B L FIEDE %R LTw 3,

FRERF FUT)BEUlF 1 B oD SR B 2 D RIS 72 BEAUT ) D HA K &
EDDTRVAR A oo #lic L Y, odibicownc  FE%
U EDERRFETE 5, 4 B[HEE AL SR BERNEEOEMT
EDLDEFHFHLTN 3B,

4.2.2 @ B
LRSI RRIRFAIE R AR oD RIS O VR TR & 1B e D WO T
B,

(1) & g

TEIRSE 7o & Z VEHECHIBNE 95~110 9,  WPHIRLEL 40°C D& TC
TTEREE 12 L AL « RIS OIE T AE 2 b3, T ANECh
CBRATEOZELT 5 IUEHA YO ckffihc & K24 3,
ThbbEIBNANHETIERENTH 2 2%, SLchiEme L+
ENTVERDTC, bIhEFFRIEHIC X ) 2RER~NEZ A
L, RHICE > TREAZFUREAREO MY L EEMETT 5,
RRFERET I L2 BE oM B4 3 10RT, B
WICEED ¥ bR OISO FERD B L ELOND, Lieits
TZDXS RAPMFTOUIHIITE LS &, il e LOigipago
TEES o F FEIC 309 3 7 LG & IR € 5B %W 20 308
RH B

(2) W #

RSN « SRR A &, AR S AN, R W) 28
M = T 2 BB RITIERTEL L T v, bk ESERES
JEEHE B2 3l U, BHBALERL & LC @B ERNBico % %
EEho 22 b O T 5, FRICRFAEIEMT X 2705 7o
T A 2B LR ICE IS 2 h > T b 72w, s
HEEE A2 10 X D RSB % 4 UHHET 201533 3 2%, BT
S EERTC LML T VB, Fi{bKE o #0500 ppm &
5,000 ppm OIEF ICEEEALET 2 s AoERBRBcof %X 4. 4
RS2, EEOMB YT LA EEAET ORGSR < BIFRIEE

4.3 I EH B R
Results of humidity test.

 F e s pa | S0 CO5ZRH T T T P
e | SR o pe | cansmmee | M F
AR (V) 160 167 164
ATFMER(ME) |x=51 R=1.5 |¥=12 R=6.] |7=8.2 R=6
HRIEH(MO) >2,000 >2,000 >2,000 500V jEEE.,

h 2 .
aﬁwfﬁn 20 180V IEUJ/H
*» 1 “
30 1 eSvooeoe?, TN Joon W
i FHEZOLS 2 RET ORI L < 2w (B
(SHLUT) T IRas o Bz 2o v)
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Characteristic curves of type SRT timers.
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® 4.6 CR SUREHEER O/
Solid state timers serics.
FfTwn i,

(3)  THREE .

Dmmy 7T LTI ¥ 1L De TOR
THFIPALE 1 ~60 1Tz, I i HAREEC 4G DR R LTw
Do CAUL B4 5 CH R b o 2RI & LCHERIED) - B
DD A b o TRHL LT H D, B e LT T
Wb,

(4) X ookt

_RER I — B R R 210 R RBSIERIC D Tk R e ¥, D
CEREIC M7 » TEE LATNERLRVEE & LTR, ROHD
BH 5o

(a) JEERERFE

(b) W5

(c) TEEZH

(d) FRIEHR

(e) TR OREREM
(f) 2z, RFRR

CNLIEDOWTRREOBELMABBL T W2ZL & LT, #&
Flici ), i assbt o Twhciort, Al
B oEbomy bEEEE L5 T & b BETH 5,

4.3 CR RIEFHMEHROERMECER

4.3.1 CRRIBFHEZOHR

CR S IEEHEER OB & LT R ERGEEI ISR Ic WX
<, AFRFHA%O SRS T, CHRIEA%LO RPS B, DRIMANO

AU P 2 o0 Y & 13 - D - = - RFE

AC
200V

AC
100V

{

I |
! |
I ]
| AC 200V R, I
l i
| |
! ;\O%V' Rito }
| ZD I
| |
i | .
, e, :
! i
! ]
| ]
i i
- BRI t

R 4.7 SRS-N B 3% 4 [H &%
Basic circuit of type SRS-N timer.

et

RAB(S v F 1 b —
METH= L
#B3IA AL
® 4.8 SRS-F 1 & A [l ¥
Basic circuit of type SRS-F timer.
RDT Rt 3ZFIRH D, FM4. 6 BZDF0FD ORMONEER
3, CR UIMHEEROMEL 4 2IOR LA B D TH 5D,
BRI BT T, BOBOOMEE - wiE X URF L -2
UG Te D ., MHSHVE I SO U e BRI R i 90 B AN
wic CRGCII R By o s ko BT,
(1) SRS JBNIGE IR
SRS MM LI Vb 1€ 22T a7 b~ H P L 7o R
LT 215 ©, SR IBEHMER 29— O —ITH 5, SRS
% 1k AoF<u1 B SRS-N I &, CR aUTidiyho T ok -
BB D 125101 TS 5 SRS-F 535 5,
FoFqu1 BORAR EEMERER 4. 7 0k 3h T, FERKR
i PUT %L, COEFH L0 MWARESITSCR 25
FEBHRERoTVDe i 495U THOLEARN & BIRERER L

o O T B a

" ®4.80rEhT, CR OWENEREHA 5oFL- & AT,

PUT H#F0lalis 1vt-sva AR ICE T L 2FAL, TEER
OFF 5D #7541 #HE LT 5%,

AL BEROBETHRD > BFI60% & MIULrICHLT, &
BT T b,

(2) RPS WIREHEER

RPS FFEEEE R Y1122 HIOERER 2v5qL1 BT, R
P RERGERO—BI: LTHEL T3, T&fEATH L
BEPAEIECTHE 2, EFGCRTATETS 5, HB#RE S
RS-N J¢ & giAmIc F—T5 5. RPS ORI HEe LT GT
BIED vrot 2B LE 55710 37 TH 5o

(3) RDT FIRRHEERR

RDT FRERFEES Y RD ¥ 2527 Y- ICEEEIVERAEL b 70
B HVNE 355100 2475 O doF«L1 OIRPBHETER T, S%EED
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D COEHH LR TH B,
(314 W”Dl’ Re 3?4- 5 kD EEEROSCIIE, b5 - 41y - PUT - d14

CHEFECRICRAZ AT g 0 g, MTBF %k % /et
ER?) é&[ﬂ s Twna,
94 4. 3.3 CR XIBERER OIEHER L
INBUT RY; SCR CR #RIHFER C B W CiE, i BIENA Lok bk X3
1] A4 REMOEERE>Tn 3,
R, (1) AMTFUurICqL
RIS DRI 60 9 % A13UwF IC AL LA Z T o 850 %
s . RICHA &, ORI E ) oD, PRk X 248l
B 4.9 RDT % 3k A4 [l SVREEEO S, R X ORI E R KB IC W R LT
Basic circuit of type RDT timer. 5,
(2) Mo
NEAL - AR LKA, SR A ORBHIC T ChT w3, 4.7 o bbb X5 ICHRIFFT)VER LA I BRI 1 B
J&ﬁ:[ﬁl&%tﬂij 4. 9D 2B b CRIFIFIEHT-E L UIT 2 @H L, BEME ARV e L, FEECHEEE josoy OBR % 9167w
SCR LT 21wy BWERTADE TV B, J LIRBHCHIT) SCR 2l U Tl &, ®EoBEc 24 % 5%
4.3.2 CR X [ReEF0EER0ISHEY B yew bt & 2T B, SRS, RPSHicoOWT A% &
CR BRI ‘ﬁtzcc@:}: ELTAEEBYOHBELL D, ROT Bcl B4 9 RT X35 AT Utwk 2T o T
, EFH— TR CORBRIEIC RT3 (HFlfTd b, %o
T AL — A IC (3 R & L'C"ii‘béhé LOTH D, BN (3) - BT 5 #E
BTN O T b b, I yL— o REE % & Has BRISERIER 2k 0 () & 0T 5 IS L P9 i B 00 2345 < et
BT, BEOBEMAEEHEIN TR0 HBRTH 3, ENTHEY, THHOMMAMCEME Y I X 3 y—3 BIEAT:
RSN, S 2 — 2 i L2 RIEC ool Lis, 4
ST b BT, HMEREESEIC & 2 388, JWEISEIZM 0% Cflrtt;—istﬁs ';I(ff 4(?m+<;[rs
LAEGE X URISELIC X BEEREL b s, B A 4 I _ — I
. e ) i noolmman | RSN | sksF | RDTN
BREFER £ L0 d 0T, F RS b —i o fRET 5 40 P e | are w0
50T LiEENS WO B s L -10~4ssC] ~5 1t ;5 N T
(ONRCEE A ruw , =Rt 7 TRk 5 MTBE (3 PP R v R
B R T E RS, »a)i;,,. BT E LTH, BN NI © 00ss | 01(0®s | 0.05s
RO T 2008k cH 2, £ 50 EEEDSTH SR £ 4 2 T T nome |
ELTRHEARD X CEM &R TW 3 Bares o Fillio SE0E 4 F CwoW B 30 Ctey
WwT, SRS-N, SRS-F, RPS, RDT FSHMHEE s> (CFM 7 BT EOC ) PN 60 B I A

4.5 (7L R

Calculation of reliability of solid state timers.

55 e RE R Ay SRS-N-AC SRS-F-AC RPS-N-AC RDT-N-AC -
[ I S ; .
* 1076 fr ni ni, A¢ ni | ni, A: i : i, Ag ni f ni, Ai
A B B S| 0.5 1 0.5 1 0.5 2 1.0 1 0.5
Si ¥ 4 ok - F 0.2 3 0.6 1 0.4 8 1.6 3 0.6
EHW ooy F vy 0.035 2 0.07 3 0.105 3 0.105 2 0.07
o~ ) ES # 0.0463 i 0.046 0 0 0 0 0 0
WO M R (RE 0.101 2 0.202 2 0.202 2 0.202 1 0.101
OO 2w 0.045 0 0 2 0.09 7 0.315 5 0.225
O3 O % W) 0.045 0 0 0 0 0 0 0 0
W oy F ooy 0.0625 i 0.063 1 0.063 0 0 2 0.125
Voa k= B A A~ ¥ 0.15 0 0 I 0.15 0 0 ) 0.15
3 7 v = 1.09 1 1.09 1 1.09 0 0 0 0
) v - 0.26 1 0.26 1 0.26 0 0 1 0.26
P U T 0.5 i 0.5 1 0.5 i 0.5 0
Si# 44— F 0.2 1 0.2 3 0.6 1 0.2 0
ICe ez v 7 v 4 0.0625 3 0.188 2 0.125 3 0.189 0
R 1/4W) 0.045 8 0.36 3 0.135 8 0.36 o
Yo —
FA A ¥ 0.15 1 0.15 1 0.15 1 0.15 0
[E S VR GO S | 0.04 36 1.44 36 1.44 66 2.64 32 1.28
# i ke 0.26 1 0.26 i 0.26 0 0
U J T 0.5 1 0.5
i 5.866 6.070 7.396 3.811
BB A= ne, g 5.866X1070 fr/h 6.070% 1078 fr/h 4.517 %1076 fr/h 3.811 X10-6 fr/h
MTB F~-~ | 170,000 h 165,000 h 221,000 h 262,000 h
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4.6 - BERIE LR

Countermeasure of surge voltage and testing result.
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Combination of Magnetic Starters and Permanent Power Fuses

Nagoya Works Hiroyuki Okado « Koichi Shibukawa

In branch circuits including distribution circuit breakers and electro-magnetic switches, should a short-circuit fault occur, damage

of the electro-magnetic switch follows almost invariably. From the viewpoint of the reliability of system, it is not desirable, but there

are various difficult problems posed on the matter and perfect protection coordination is left unsettled for future study.

Mitsubishi

has developed series II magnetic switches equipped with specially high resistance contacts to withstand welding ; permanent power

fuses are combined with them to provide perfect protection coordination over all the current ranges up to three phase 460V 50kA.

This article introduces the performance of series 1 magnetic switches and present state of protection coordination when combined

with the permanent fuses and also combined with ordinary distribution circuit breakers.

L ¥ &

BUARAI L » 760 & RGO e, — RO IR CE -
TEHEPEMENT 52, O EEECEMERIA BT 5 &,
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FNEER2. 1 KRT,
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BEERO BRI L 2R INIBESTE, CORFHNCLYE
WAL, WHEHER D 20~40 BOBHAMN S L ES O 2
LT b bEROMMiE L LS, L s Tohbl ko

2.1 Hyvy- 2987w b &
Type H series magnetic starters.

#® 2.1 Hoy-Z WRMEHM ORI - ek - b

Kinds, ratings and specifications of type H series.

% P MR KW e
! i oM W W A ™" e | e Y LDt — g
" iid <3 b £ B (ZRTHED) i e
RO R ,
B # Y~ Jr— | 200V | 50V | 20V | 40V | ss0V A JEM 1038 A
S-H35 MSO-H 35 TH-35 7.5 n 3s 25 20 48 11, 15, 18, 22, 26, 30, 34
S-H 65 MSO-H 65 TH-65 15 0 65 60 50 70 26, 30, 34, 41, 48, 56
AC 4, AC 3-1-1
S-H 100 MSO-H 100 TH-100 25 50 100 100 80 130 41, 48, 56, 67, 80, 107
S-H 150 MSO-H 150 TH-150 37 75 150 150 120 200 80, 107, 130, 160
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X 2.2 S-HE Bl oiis ® 2.3 S-H ERHSmERO -

Structure of type S-H magnetic by

contactor. Structure of contacts of type S-H
magnetic contactor.

* 2.2 Hyy—d EEHERON - L« BiEma RS
Making and breaking capacity of type H series
magnetic starters.

{100Ink) £ f"}

2.4 S-Hi¥ mmEeflato gakE)
Contact pressures of type S-H
magnetic contactor.

% 2.4 Hoy-2 L3k S uy-4 BEEMEE OMAGTA B

Permissible current of H series and S series contactors

WMERATINZSaR, BAMc y-o #8EL, BRABILL
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BEBEMEE, B2 4R oel,
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LY, WEEHEDES
RABRER, BFOLOOHBCRILL T,

AA ba-A & EREFEFREOES - BF - 2

REHRMASEATEAL L L 3RET,

. T .
5 [PECERSME WD Lo MRABHRE | ageie to cantact welding.
T2 .
v [ He | A |@oCQR e min 2GR s (ARFEM 10 mo)
@ | S (=
3¢ 220| 60 | 490 | 028] 25 | 1~5 |OK| 20| OK By - X s ¥ - %
MSO-H 35 ’ ® % FHHLH rms P % HFHEM rme
34 550] 60 300 | 036] 25 2~12 { OK A A
S-H 35 3,500 5-35 1,800
220] 6 o | 2 ~6 200
MSO-H 65 ¥ 0 7o jeds) 2 oK ox S-H 65 6,500 5-65 2,100
5501 6 36| 2 ~
3¢ 0| S0 )03 s | s~ 0K S-H 100 12,000 5-100 2,900
3¢ 220! 60 | 1,250 | 036 25 | 3~5 |OK| 200} OK S-H 150 17,000 5-150 3,400
MSO-H 100
3¢ 55| 60 | 1,070 | 0.33| 25 | 3~10| OK
% 2.5 TH®E 4—on) - OEEERTBRORA 1%
MSO-H 150 3¢ 220| 60 | 1,980 } 0.27} 25 2~5 | OK| 200 | OK Permissible 1% of the thermal relays, series TH in short circuit.
3¢ 550| 60 | 1,580 | 0.38] 25 | 2~13| OK = =
i W 0| e~ 2w e | B0 22 ALHE
k2 % (A%s) (Afs) LlLelgoe —%
A I (Als)
§ 2.3 1111.; Y- A E B il iR 0 R TH-18 120~300 1%y 200~540 Iy 10,0001% 5
ectrical life of type H series magnetic contactors. TH-35 150'\«3001%—:11 250’“57013*11 IOOOOI“}H B
D 9 9
” B & ﬂ; % & %’g%;gﬁ TH-50 200~350 15 300~600 I3 10,000 I%, 5 Blk:
° TH-100 250~400 13 400~60012 10,000 I% g Bl k
¥ooA g e AR O s o il il
L« i L = BilA K T wE e
v | Hz lmw A m% mow % (D TH-150 | TH-150 # X ¢ TH-300 R %o CT & & w6 & b5 KRTH R
5-H 35 36 440 | 60 |175/35 | 0.31/0.62 (1,200} 40 | 70 |18.1 | 14.0 TH-300 | vtk CT S@HILT, & ~2 OEBBBE L wEBLT L.
S-H65 | 34 440 | 60 |325/65 | 0.37/0.64 [1,2000 40 | 70 |12.5| 9.8 WY Irsr: e Y b & — ZEFIR
S-H100 | 3¢ 440 | 60 |500/100|0.38/0.63 [1,200] 40 | 70 | 153 | 126
S-H150 | 3¢ 440 | 60 |780/150] 0.34/0.61 [1,200{ 40 | 70 | 147 |13.2 2.3t e bR

o) -3 EREBHE R BT ARREA KB KL Tr s 25, XD
fbotEsecowT iR, Eitn S vy-3 L RIER—T, JEM 1038 o
ACB#R1% 1¥i£zfaatUAc A LRz MEETH 5, Hyy-X &
BB OB - L« BIERARORBHR T 2. 2 11, AN
MORmEE 2. 31, ¥Hoy-F L4EHES oy~ EREER O
TARETFA B O % F 2. 4 1R T, Hoy—A oihaEaraE
WM R O 100 58T, fE8E S oy -F X Ibigd 5 & S-H3S
T4y 2 f5, S-H65-Ci 3 %, S-H 100 Ty 4 %, S-H150 T 5 %
&iiﬂ”kl/ Twd, COKELBERMERE, SRS o
wE 2 HEE, PEAATS - ERERORER Y KBICEREE, &
EARBHHEOBR R ER LT, v2574 & LTOEEEEZA LI
BT eHMTEL, —7H, THH v—2u) - GRS e A—T, Hy
- e LTHICER IR TRV, R —H o BERAL

Mree e OWFELEL T, BEAMEXNAXELEFELTREDT,
/J\E%@gz@ b—z @&B1& LT, —BomiEmaEes e oWEEt
STRETH B, Th/NEHBD -2 KDWwTh, BEWIE U T
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Droby 1 EF 2EHATAE, BETEgEe T e cx s, THIE
F-oLYL— OWERMELZE 2. 5 ITRT,

3. NS kA E o — R fT % ATFEIRAE

NS JBAA ta—2 £ & ATBHEIRR X, DIBAWBIER & R A ta
~X B LU b wT R — i LT ® 2, KA £a-2
BaE F U o “EE-wEE- KR oM X 2 L%
DGHCFI U IR E R, JERIcT ChoaBREH X BT
HIHER IR L T 5, LA L, KA ta-X GEEFHEFClgEo
U BB R e o TRl BERClEM 2 L« T 2 28555, L
7o T NS KA ba-A & ARG, Hoy-—2 B
MEMEEINT, B TTOBERRIET 50T, NSIBIKix
bITeKA ba-X IC X b EREHER % B L, H oA Bkl
X DIRAEBOERE L e Wi 2 FoiEcd 2,

3.1 iE4E - = -

NS B RA ta~2 & AWM O - T & L s &
3.1, %X 3. 1 IR,

3.2 MELRE

NS JBAA ta-Z (& AMHHEBOMGRIR 3. 200, F

® 3.1 NSIPAA ta-A fF & AR O R « 44 -« Hok

Kinds, ratings, and specifications of type NS ludd break
switches with permanent power fuses.

P e
HI L o I L < = OEOWOR W S
WER wiE

Lo
SR IE S

® & 3 ‘
v A A | kA g m;\ a0 AR
NS-35 Py 3 | 1,000 50 | D-100 | PR-24N2 |500(mQ)
NS-65 0 65 | 1,000 | s | D-100 | PR-24N3 |100(m®)
Ns-100 | 2291 100 | 2000 50 | D-200 | PR-32N1 |100(m)
NS-1s0 | 2200 450 | 20001 50 | D-200 | PR-322N2 | 70(m@)

3.1 NS BRA ta-A & AFFHHRS
Type NS load break switch with P. P. F.

=

HF N T

K 3.2 NS o H &
Structure of type NS.

624

X 3.3 NS o [H ¥ 8 &
Circuit diagram of type NS. P. P F

T e DIEARBHIRRES L kA ta—A N, KA ta-A & MFlicH
BEx B AETHES A Rp, WHHEHE & BHIEESC D 2 B pywT
WD 21w MG, Zhcidl ta—AF 2—th e LAEETH 2,
[HEERE 2 R 3. 3 ieRd,

EIRTER 7 & BN B OBIER, FFKA ta-A D
B Yo PEEERO D11 B K o TEIHL O Sk kB
LT 5. KA ta-Z OKLEHERR 3. 4 iR T e Y Ch D, ¥
e UL 2 FeoINERER IC KT 5 IBEREH, Thbb
BRBCHE R IE R 3. S oRT & ¢, IBIE3EMBHERHLTED,
KEMEAR DY, ZOWRPDRITE L v, KA ba-2 HEHtH;
CEE LTI T, BRSPS, @ ryeTdarw ~EB L,
B bywd HEME S Ax AP T 5,

WHEHLEAA ta~L D AHERIE & BR S WHTic X 5 4—2 B/
w5 & &b, [BEERF U UBHMEESRD L« Br 55
3g5, i ta-AF @ NS BLilae s Rz REE
H, TALLEEETS 2 - HliABEs S8 ERm@letck s 5

slod BEECHESRSER Y ofige e L, H—, B J”"

GHEEANRE & 2 o Ie BB D AwopeT JHOWSER ta-X TH 3B, D
AT 2 2 TS AT 7 <, TR EH TN o TEHIHE
Cx B AMHIESCA AR 3. 61, G RR 3. 7 T,
TAUKL 2 Y B O ey TYIRGS AR L, BRICiE

IR bk A R Lo Wiopid p—0 oS vz eilige L,
¥ Fe PR R LU BAGE LI

BRipd A ron BRHC X D hA- L
T\ G NBCrthib o SR c b 2 |

3.3 etk - fEHE

PRS- L+ WIEMARETRS. 21, L+WiRlBRo rvodss o—
AR 3. 8ic, HEE MwT FEMIED o7 Bl R
3.9 1, ¥7DIBAGIHMAROEREEMRHELYR 3. 3 07T,
DIgEn R i NS JBAA ta~Z 4 & BB IC Ao @ 2,
Bfke L Cof AL A CRICED ta-X LGERIE, £a-AR
fuF & LCHMATE 3, R FA B ta-2 & Dl Ae-cofEgs
Rk 3. 4 R,

160 NS ~3H (e - x 8)

501 NS 657

o
D
o
—

(@ e
k=
T

o o
e

00 2OO 30() 500 700 1,0002, OOO
& i (A)
3.4 KA ta-Z OTACEERER

Evaporation characteristics of
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g% 3.2 D HArRERorEY - Lo EiARHR
Making and breaking capacity of type D load break switches.

wBEE | REB@A | Mo x| A % L - ® R B B R ]
® L R U G o [ WEMFE [ T-7Em ¢ EEmEE T WA RE
! (&) s ¥ ms ! ()] s %
i H H H
D-100 460 1,00 | 60 0.34 25 | 1o | 10~20 | 0 10 OK ]
D-200 460 2,000 | 60 0.34 25 30 10~24 | 200 30 oK |
H
LT
7
it

50 70

B 3.5 skA ba~A ORGEHHERR
Current limited characteristics of P. P. I

.6 DpawmMmMe 777 ,‘1

Type D load break switches. I

FTTTTTT RRIRARRRRRERAN

T
| i ! !
g 5T ABA60V 10204 Pr=0.24lag

YA

I

<

WA UL
VTR
LM

[TTTTTTTT]

R
3.8 DIBAMTIHERD L+ Wil Avodss
Oscillogram of interrupting test on type D)
load break switch.

25}
200
£ 15k
= 10
5l
oL o 3,000
100 200 306 500 1,000 2,000 5,000
R (A
3.9 EE MoT EEO T B EREHE

Tripping current-time characteristics on magnetic
tripping unit.

KA ba-F & BB M A - [ - 2

SEERT 3R T 20 AN -

® 3.7 DIBEARFHERD Mk

Structure of type D load break switch.

% 3.3 D AT O KIRETHI
Short time over current capacity of type D
load break switches.

. # 10 ms s Izt (A2s)
|
! D-100 14,000 A 2,000 A 1.9% 108
‘ D-200 14,000 A 4,000 A 1.9 %108
§
g2 3.4 D IBAMIHEEE & ba—F O IC X 2 FKAER

Short ecircuit test in combination of type D load break
switch and power fuses.

o p Memie | meemm | o % ¥ = X
| o v | | e |PORE[FAER
15 0.25 oK 0K
D-100 460
20 0.20 OK 0K
15 0.25 e OK
D-2C0 460
32 0.20 —_— OK

4. NS FkAtb 2—X{FxafEERzs
H > U — XEHEFROEESE

4.1 EhfEeidRE

NS A A ta-F % ARG e Hou-2 BBz Ha
HiE, —FD dubt-vay 28-2 TH 5 A, ERFIEARZ 2RI
Chicb, %L 2o ATHENS ZHATH Y, LhD
2 ERELERRERFATER LTS, A RhoBMEREE
4.1 iEd, coBECOwW TR Tl 3. 281 TR L 245, 5
WERAHN G &, KA ta—F N AGEL T, Hiid KRB
L, WATEROKIS EEFHEH Re, B b)oTarr MG D
5 ~IEFT B, COBHAICE D B Ax PP &, ERUEIERO
RIS Lo« TR Ay, TEREBEALES O BE A BRI, & T SERRE A
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£ 41 Jubi—vsu 25-3 OEE L « iR

Interrupting test of combination starters in short circuits.

) i1 ] 8 i & # #
et B A& sbew E " Hﬁz % | = A i (iﬁﬂ)$ - % %L:E?ﬁﬁﬂ ﬂﬁfffiﬂif‘&ﬁfﬁ ¥ s
NS~35+ M50~ 25 @ » Lé 05 | oammico am | s P oK
S “o 0 . oie | oentrco sm | am | oK
NS-100kMSO-H100 | 0 @ w 015 | oanmico am | aon | e ox
Ns-isotuso-Hi | 4O “ s o | oammico am | e | e ox

NSHEAFRmMAR

F RAFRIR

MC He Uy — X5
OCR % ~7nlL—

R
MC—

OCR —Z--——

U v w E--iREEE

MSO—~Ht @ s

B 4.1 aolt-vsy 28-2 O OEREIK
Circuit diagram of combination starter.

4.2 Jub3-vsv 223
Combination starter.

LoliEng, BERESEMEoEAE, RERAL +Mshs 2T
DENL, dvaob Fh L BEREA 0N X Y L EARIREI R
NB%®, EHEEL 7—0va~t DOEREL B\, F 2 TR
BRRAIC L+ BT 2 AR, W R R 5 EH T, 0B
LA TR AR D AR TR 0 20~ 30 {SHRE DK E X % o T
375, BIEAER LIGEL Lo iZ b THST, TT12y
1oW BTD 7-0 B TL e BiZ5TLTW3, CAEEEEHD
R L« BB I R TE 4 1 02 L« WA 7~13 ms @,
B FwT O M BRI 3. QICRT O L 4~Tms TH 2 D
TRIEHLRTH 3, $2EEL «WEBO rv0d5, ¥ E 4. 3
CRF
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ZAB4B0V 80,0004 PF0.15 (NS 35} (MSO—H35)" CO

L0 3,1004 o
RIEEH | s L

\ t‘i—/z
Bt
d 0.5m
e RABwiRA B 2~ 2

gt I
siggn RTEE s A,

Y /\/’\/\ z
SIE7 — 7 BIE
W/ 0.5ms.

BAKA b - X T RE
i 13,1004

y N\
RIET ~ 7 BT

B} —~

] 4.3 NS—35+MSO—IH35 1ut2-vay 28—2 [EHK R
Interrupting test in short circuit on NS—354-MSO-—H 35
combination starter.
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1 ] 1. 1 )
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4.4 utR-zzvu 28-2 DL L » BIRGH—E 7 R:
Interrupting time-current characteristics on
combination starter.

ABEB I “0-CO, 0-CO” mikifapc, JEM 1071 AL
WEs THE SN B MO 250 Bl % EfL 225, 420054 XD
PohaT &, EREMHOEMZELEY Y ALNT, 2 Lot
BicET 2RO DEMUT, THMKEROTE 2 RETH -
Feo 420054 OREBREIMIL, 3¢ 460V 50 kA OHIERER D B
DTH R, KA ta~Z DKERBHREER LT, * b I0ERS
ML CHWEEOHMZ DT, Lad Lo Wi 2 E i, i
FEHICHN 2 W CHIC—ETH 30T, AT X - T,
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= 5.3 EREUROFABERLUTLAIERORES

Wire length to become below permissible over current of the contactors.

T 10 ms RO FFE B IEERT Y TOEMEH L 23 EHZ 57 m
A s g g C] % oo 523
I TR oK
20V 440V
Hvy - S vy - = .
mn Hv)-%x | Svy—-x | HvJ -% | 8§59 —x
35 3,500 1,800 14 27 54 54 E 108
65 6,500 2,100 22 24 74 48 l 148
100 ; 12,000 2,900 a8 22 : 90 a4 | 160
150 17,000 3,400 50 20 5 99 40 ' 198
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KA =2 & AR, WO --2 05 BTHIIC va5s O
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FERRERAOBX SRR LT3, T, 4 ¥ CERoEE
THoBXTHY, TOEEIT vz BRET 5 Lo, #IROM
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MOFTEHE A ELEDVR, SHBFUERMCCER/ 2R T, #H
FnkZEErzwEEL TN S,

N AP PNPAP PPN

=ZEBE M - Vol 47 - No. 6+ 1973




UDC 621. 318. 5 [621. 313. 3]
FEEHBORERES
=@ AR B

Protection Relays of Induction Motors

Nagoya Works Morio Miura - Takashi Nakamura

Protection of induction motors tends to become multifarious.  This is because that the motors are getting small sized and light-
weight while their types are shifting to class E and further to class F.  This brings about the decrease of thermal tolerance. Also in
the way of using them, they are classified to intermittent operation, forward and reverse operation and variable load operation. On the
other hand, they vary in construction such as underwater operation, poles changing operation and frequency changing operation. That
is why the means of protection differ.

Conseguently, it is essential to select appropriate protecting relays to insure the best operating ability. Herein are described chiefly
the outlines of thermal operation type overcurrent relays, newly developed static type combined protection relays (3E relays) and tem-

perature protection relays. Also the standard of selecting protection relays is summerized in the paper.
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Protection objects and correspondmg devices for induction motors.
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Earth Leakage Relays

Fukuyama Works Katsumi Taketa - Norito Kouno

With the revision of technical standards on electric apparatus which came in force on the first of February, 1973, the obligation

of installing leakage interruption equipment has been definitely laid on the public utilities, and in consequence the demand for earth

leakage relays is on the increase. Under the circumstances these devices referred to among the products of Mitsubishi are added with a

new model of type NV-ZB, which is unique to the Company and brought into a series. This article is for introducing this new device

and describing examples of practical adaptation.
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Diagram of current operated earth-leakage relay.
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Internal connection of solid state type earth-leakage relay. Type NV-ZB and NV-Z earth-leakage relays.
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Type NV-R earth-leakage relays.
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Specification of type NV-ZB and NV-Z.
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Specification of type NV-R.
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Temperature-voltage characteristics of type NV-Z 15B
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Interior construction of current-balance transformer.
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Current limiting characteristics of type I series
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Connection diagram of no-fuse breaker and type NV-R,
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Balance characteristics of type NV-7ZB.
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3.2 EMbAMR & NV-R B o ¥R
Connection diagrdm of magnetic starter and type NV-R.
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Connection example of time delayed earth leakage relay.
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3.4 NV-Z15 B Bo B
Operating time of type NV-Z 15 B earth leakage relays.
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Recent Time Switches and Their Trends

Fukuyama Works Mitsunori Yamane - Hiroyuki Fujiwara - Shigeyuki Yamamoto

Recent time switches are strongly demanded to be of a large capacity and high precision. For instance, those used for the mid-
night power utilization, come under the category and the old models of 200V 15A to 30 A class have been altered to operate at 200V
60 A because the water heater is made much larger and its operation is combined with a stored energy type room air heater. Also

in the case of those used for signals, the precision of their change-over operation is now demanded to be in the order of second instead
of minute in the old design.

This article describes the conventional time switches and those newly developed.

F 2.1 a{iz21wF O List of time switches.
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BEWEIH 2162757, 11

WIIH 2162 TS-77
ToF, BHEHEREEM 2102105, 35H0E
L . TU- 4 —J

S W -
S a1 62105 BT o T e . o Sl
o i e s 10 | e | waatst | g | opnupy | R QW b 5 )
B SBE, EREIE a1a2T1wF, EEE 2 TU-6H
TU-16H AT - WA

T16219F, BWREMD 2142105, 3950

PIB s162107 B EDBERE X bILB, & M VL
CTTRIBRD 210atos DMt &, & | TMC |TMC, ‘I{L_El i

ULHHICE 4T B X e A 21020 Ll

wF CDWTHM L, 281621wF X b RM-0 | | BUfES £OOFE &

A E AT
48Fb~2404F | R TR

R - Rk

Ryt ] F 1ZONo & ol ]5‘_’},’ 60"3:_' o BIE TR
HECHE LTS & & bie, i< BH% RM SEAL wami | | O 1N
b e b, LT RM-23 (60Hzn & &)
‘‘‘‘‘‘ —p o Y R
SETFEC S BB L 8121w EHAS meisl
5HDTH 5B, ET-oC| < 0ELME | i TURRFL | 2 Adonil .
=T ET-20C| 18t L O OFF o408 i RMiz Tl 1L ERNEL S I
2. 94 AR4 y FOIELE s - ——
TC- < DR Ll R BHENATER
DRDWOUIE A DM L c gy | 1O |To%Y Ly | # L e
LA, & ICEESED -t Ab23EA T EE:] ’
o o N 1oy, 155 ] FEEH
VEBRHATE, TNCHMTHE R | TR [TME. | ComLme | maest| s |05 a8 e | REEDS
BB TVBECHA . FATWREE | v V72 Comipm | kamsik| A |2 om0 IR

TV-509 F4LRL vF-7{L3s bo~F

Wk oat- e LT, H09 300k
bhTE D, FIFFEIS e L,
AT & D 7 5 FITHRRN & LD A S FIFIR L S b 0 CH B,

REFMEEEE L 20 W EEHco RERHLTwE, €0
£ mRIED b & I FRIBIEIER TS 3 a1 axloF BSEHCHE X 0,
ERICER LT E %,

2162 wF W, HHOFE, RERBomEHR, 1.7 O,
2wF OEE, WS, R, Bz ek hRIasnzs, 4
ot eatoF GHIBOHLR, BEEHBOBREIHR, arwF B
PoR2. 1DEEY, v-A LKHLTw 3,

RICHEFRE SN AP L\ 2102100F KD WTHRA S,

642 * fRHIIYEDT

3. MEDIAL LR vF

3.1 ZERIEBEFRS 4 LxA v F

3.1 1 RBRESENEASA LR, v F

TD 2162 wF &, BESEOBENE, Az— WML LT
FHEN3 D TH T, BEifl - WIRICTRAB LA (B B 55 A,
M Az b ZEEE N TEY, $oBBOHEIC X 57300y - 201
BERDEA NS, BEESNEIIR T h 3 #ETtdrs (H
3. 1),
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3.1 TC-23E3 ¢ 2146197
Type TC-23E; time switch.

SRR s oy

EIEETH 2
e s b B %
ARG 7578

F=) )
S /fnr—AgE
= oSS
= 7 %y FloN—
- EHEE
& ()
P

{EENIR

FAEE

L

vy <4

FE AT
PRA

® 3.2 a1621vF ORi

Siructure of time switch.

(1) Mk & i

(a) HWRHE

3.2 RT k5 e, FWEMSoRER, WENE - 228k
HH~T 24 R E B ICEEE N Do 2TwF 1 24 W H R R
5 & N IS w ic X Y R R OB E R T2 5 .

I FIEE IS ORI, 59F RN LT x—06 b Eu
of WEL B, Povt R BAD, touod BZESND L Toot B
DVETIHIA Boot DIE S ~BEILT, 237n8- D LD (I HiIcA
7Y 05uFLA= BT DT, 9553 OO ® & WHEOFEE L] ik
L, FIAEBEA D tuos MO MREERED, M LoEET €
L1 DERAIFTT 5, Ak, WEPEHREEEEAEROS DR
CIEB|LTE b, IEEHFILIE vA- OO Ly & JHRIRO K
PBIFREL, 507 & 0wy T3,

(b) [FEROIIE

(R EIAEIS LT 3 0T, b b K 5u7 [ HERE)
b, TaAbBBEEICARD L ARBZILAERAOWES 2K,
TS L DIREA LT REGY 20— OWRBILARDZDT, Euor DI
At I X b BB XN, oo H—EHETRET 5, €
oo TWoMEER, EBMEZ A LT 24 KHE B BH MR b RE
RIEECEVET 2, AE foot AR ETIVEVEEIRE, €uou b b
7 2 HEA~BIT 20T, IR L 250FLA- D & DL DR
EBRE, 250FUA- 230F ME TR L, HEXAEET2 &
FMEDEOEIREE, 250F ¥ - va—p R LT oot HERA
T toot 2ERH S ZREL A2 2

(c) EEEIEROHE

EEARET 5 L EREREAERAOSENT, AKX BICK R
ows F 20T 57 KR FIL & 7, FIEERUSEHc D

ED 2162107 & EOTYEY « 1R - FEE - 1A

% 3. 1 ZEESHEA arsafer D4LE
Specifications of time switch for traffic signals.

& % TS-23E 3

- D B MU SR
5 WP % x|
=] } 2] 7 X | Vo -

24 IR
% 4w 7 8 & H % TONJTOFF} I~12[ (4 EDRERICHGE A1)
A oR b R o~ B 0D

] o) M Mg 2#l
% A v F
E | DC 12V 0.0l A~DC 30V 0.T A

AC 100(110V) 50 % ¥k 60Hz

& B AC 200220V) 50 70t 60 Hz

LI

WO B, 85~110%

PERLARIARSRT | 15 REIOELE (24 RERFICR A & BAVETIAL)

CHERIREE | oo 7 PR L 7 24 WE P TR B SR ¢ R
B | 5 5 » Lo KARATRAE BT 5.

W W | TEBE BRI e

W il o &/

o w7 RO RBGERE 5NN
Ve F 2 B B | —20°C~-+60°C

(a) WeRRkE (b) i

3.3 A 21L210F
Time switch for variable signs.

30

PR
FEER

T X
5 o & FIEHNHKE 2 2 _] 5
ZEUL -
!
=
|
'<
HA ACIQQV

B 3.4 FZEEHA 2162157 D Jowo 2554
Block diagram of time switch for variable signs.
2, ¥ 2FFRICEERICIE 8T oot DA TR D,
3.1.2 WIZEEFRIALRAvF
BB MfT % UM T4 5 Hik e LT, 3BIE SR - 35085
17 ¥ oFER (RN —HET - BRESRAZIL - R R
2 E) ML DML, BTOoRMETE> w3, Tho
B BT ORI I X 2 DIV AR B O R RER T
w3, CORERHIHEL LT, a1sa1sF (TS-54AB) & 557
ZEH (RT-23E15) %l <ML, a1s21w7 T 594 B
ZHIET % & & bic, Aa—o U 217 OUHMES 21774 5 Hil@J)
s, ©3. 3 I EE R

643



® 3.2 fa-uvE
List of patterns.

{ — EX A ¥ Py

i’i?’)Dﬂiii S '

| P, % x

| —

| P2 X O
Ps O X

| P, o o

(1) H&me

AR 3. 4 IORT X5 I, HHOREINBIE T, HIF 24
B ORIDTFE D 00 SR EDUIMMB R 2 RIET 2L 5 eub T3
IR &, LIRS RICHE - <, 594 OB ZE L,
HWEDEEEHT L5 LARME, bl hTwg, T2z
RO WTElT 3,

(a) e

BEBOUROD T, £3. 21RT L 51 Pi~Py T4 D
D, TROEDODDIC I VEIWET 2 2afwF i3, 1 & 202D b,
2D 2103 OFIEKIEIC X 0, 4FREHO A2-u BT 22
T% 3%, LRCUHRS0 2 TR gl 3‘5 &, IERESRIC
Aoy El ) BERD 21wy BUHLD 5, HIEBCHAR Xk 52
1 SRR, RWZETREOREC S Drfﬁ‘ﬁ%o

(b)) HIMEsEE -

TG Y- . BEORTRICHE s THEL,  fa-u
CLERIEIOIR & Rl d 2 & 5 o & 4y, WS EIRIC IR L 2

(¢) I

2H0 syt ZEED, FAFREEASET L E, FRLFLD
IR A D 5% T Denm B EFET, KB AND, %
IR 2 2%3 5., AND, BOIBEOIBIIG T,  — RN
WO AR LD b/ Y- #IVEZ 4 3

(d)  Ra—u {8 500

W yL- oBWEC X Y, Az-u UISLE ORI & Bi: & ¢,
HIHESURREIRE S VU v ks, BifensET+ 3,

(e) syt OB ZEINANE X

BHUME SIS X D BB B, BREE#RE L, REds
D Az—y U E T RIS 2 T & 2, BB E RS, ©
DY, ERX VB ELCEET st th B,

(2) s M

Szt ORFEE R L A NZIHESEcb 20 6, JEF g &
DIRS % L, IR0 4 O 0 #1427 4 5 Wl d
L, ZCHBGRO ST O T 1oy G, BREREOFIH®A &,
EHRBA A IECEA b3,

3.3 ReFf oA~ PEA LR v F

T O WEACHEE < oA D 2P ORER ik b —F
DR L TR o T D, e id, EHORNIGELT20CHE, &
KEGHEAFEHTLL, $RLEERBIICED 2/°-2 2 &
N HEv, FRRECD 2BEOHEE LT, B
FAZREEICT, FBEENEcE3BIEL LT, Bl
RS L K EL LS 0BT, $2RBSETH - AN
BHEL v & Ecit, AMcEREEEcEs X5 T i
F L, EREO LS ABHTIC f~+ud1-2 (B 3. 5) BN
Wi, O A-Fudr-2 i, kb 2 OFHHENE BRI
Retoda-z % h B WARIEIC U, BRI A-$odu-n 2 TVEE &
T, BB T 2 5ERD 5,

& U

844

# 3.3 AFodi-a H at621ws DL

Specifications of time switch for parking meter.

w a TU-415 A | TU-416 A
R A PO AR X
7w 7 5 on Oy 24h
A v F W E K 1/
AWEE N BT o~ 60 4
i ® o OM
2 A g R # AC 200V 5A
# f 10,000 1
s t AC 100V 50 Hz AC 100V 60Hz
i R S 2
(R 85~1109%
A4 v F U REE =54
BT 58 EE K ~10~~+50°C

3.6 TC-50Y JE afoatud
Type TC-50Y time switch.

X 3.5 A-fudi-a
Parking meter.

T A-Fudi-z OBEFHHAM L Lo, BRI E a16210T
W TU-415 A, TU-416 A W TH %, 3. 3ic 2 D% RS,

3.2 Ea§941\z4 v F

ek, BEEIIRBERCHE I N TY 3 afa21wF OREA R
Z3AFTTHY, CORARTCZIEER 2162 1wF & EEHE
R DS THEH L T\vie s, BREEMBOBRALZR KT WL &,
WEWED 5 I Y BRE VT L, NG 282 285K & W L EHol
BHY, TOMHFEE 2D 3162 10F TIT4 5 HWHERD - k.,
B 2102007 X, COWUHRIET 20 TH - T, EhE 200V
50 A T 10kW FCofE B R it 2 (3. 6),

(1) EERGOME e

(a) HEHEE

COBEOTER, RE 3.1 LIETH<E L0 e 4 Uil
T 5

(b) {(FEROBIE

B 3. 7 AT &5 IKSTRiIch 5 & A HERG O & 2
s, TEEE DRAER LT 707 2 2y - @Jr}\us b, T2

o WEFREE AR b, R HRD 5. D oo o MlE L~
FRNCAR LT 2 ZEWEREZ N LT, LA- ItiEb 3,

D UA-, 212021 wF 2> b#EN 5 I BRI LLFl L
AEZGEIET 2, 20 LA~ BEKFE 21002 wF D F5096— %
FLRAATHOKERC LT 22, #EICh - CHETIE 2100
210F AL R B,

BlEokswk 5o & LvA- 2[R X ¥ 5 2 24 B H %
EEEED X T, BHEFRUIMR ne BO0ER ZFAAEL 2N
HRERD L, FBEAICIE 4B BEIZIEE D, BEITE
NBT LR DD, TOBNARICHHET 2 X 5 iKEE R & FK
WIREICR D RTC &5 T % B,
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El AT & B nISIER)
AC200V

3

e g

ASS S e e =

pEESL

3.7 TCH0Y ¥ a16afo7 Ol
Structure of type TC-50Y time switch.

40

= |EEEES T
g aof

|

o 201

2 K\\x

;’5 . };a;gv v iy
> 1o

RN

0 i

1 L 1 1 1
0.7 0.8 0.9 1.0 1.1 1.2 1.3
NLBT (ton)

3.8 HLB®NEALY by OB

Relation between caulking strength and caulking torque.

(c) (FREEBROTIE

A EIET 5 & I BB AR TESIC Kt ov
2 F30T, Fu7EEHEIEEY, FERCEINEBHOBECY D
Heb 2, ¥HELCY T ofr0afuF HHlE B> T2 0T, &
FUIB IE FHER R B 3 (R 2 k0,  © o [WiE R -l o> 25T ph B
FMLT, LA-% 212021 oF ICITD K HRCER X 2 hh b, [
B 74 FLEY - ZTPE - EEERE2 N LT 24 BEE BT
I [E X 2, ($BIC K 2 BN ERRECHLY B3, LA~ 23R
HIOMREE, TAD B 2100 wF RFKCT 2 CEEES hE, Eh
BIEAFTEBSRE L L, REHEEREBCE S,

(2) FEEES OB

PEFED 30 A 9352 a1 621 »F OFIFRE L, 24 B H BIENCHLY
o 28 he OEER LY, BAFRPT 2H5TH - e,
EARMSTE, 238 hicz bik TE- TH®L, Ju-F
OHCHIR T 2 T2 H - .

i, BRARNKE 2o 2Hd, ARMECE > T 300,
PR R OIRE BF-& 7—0 ORETS 5.

(a) DHRAEmoE LA

HEAR O LTS T & EaclL T, Wr-sHEokEw
AgCdO, AgWC, AgNi Ho#EfiIc Liclyd, HRATENE, KE

FAED ateatud & FOWE « LUK - FRIE - (L

v VSN

»L® Lo 3kg-cm (b) 2L® pLo 20kg-cm
3.9 L JU-f OFE (x50)

Sections of contact and blade.

ON--OFF 10 ms/div (b) OFF--»ON 2ms/div

B 3. 10 HEdio#E 257 1vndso
Oscillograph of movement of contact.

(a)

LD BT HIERIE LA KE W b, Wil % BT 2 WHIE
ME~OAMBSKEL &Y, 2162197 & LTOMRAM: oM
LT %, Lo TEADBEHOTENIAE LT d ik, HE
WoBMA/NE L, AN IIESWRN L MEEATEA L &,
WS E IL-F D LOWNE, BELAcChrR Y oR#ir 54
5, 3.8k LoNERLD by OPFEEZEDL L2 D TH D,
FTAE3. 9 KLY My 20kg-cm, B LXU3kg-cm Dk ED
[ (X oD — i & 7R F

3.9 DS 200V 50 A DM A MEMIEE L e &, WY.L
SR T 30 deg, #HRET 42deg ETH B,

(s b3 X 5 KEERNMIEOBEG, »LYIIRKELS RLE
E -1 A OEMAARETF O TA L, AEFHIC D BIEF
LT 30T, SO XS KELAVERBOBE X, L
WINCHERD b, PEFEOEME K& SBD T LR 1S 5,

(b))  BEH bR

PEAHMET 3 & EOBERAE VT Y, 72 HEMRBIZE L &
Yy, BAOHEERS AL, BEAOMAMR IS AE0RHKTH 5,
X 3. 10 g#SolERii2 R TI™TH 5. b bbhd X5,
PR T 2 & & OBUEIERY 2.8 mm/3 ms FBKS 3 & & o WA IE Y 2.8
mm/2ms TH 5,

L T v

fEOGEL, TEHELEOEER L IR >T, 2162 TuvF b FE
CHIL 7B B ERic® 2 i 5,

ek alE, PEEDODHEMBES b, BEN, 6K o100 B
OHHI b, EEBHE a1o21vF ThH DM/ NARIREAZTH
EL, /ME Aoz TRIFBENET 2 5, £ SHIBHEG, @
NEEE, SBOBRREBITEEES Y, BERSZMOEL W
o wie s ¥, &b @HH L DRI I L n

645




BHEE 4 0 ¥ £ # (A% 4 i R
958205 | EAk YT HE 959119 | Db 5 FHMBEDE T | MBHZ
) 2 PO A 959120 | +3uz242 HlETE b LU
958350 By il r-2 RO EE S e = ;\P/ i
i 950122 | Z2SOEIHER L —
958352 | AN B A 1 7 =) % . BB -EAY
= I‘Hf/}l&lk:{){ﬂﬂ b Ya M Z 059124 | Hrwb 3 FEEZEE £ud {J[ - zﬁk I'!rz # i
958351 | PAHAKSIY s KL % H 1% 92 B ik 2 B
958353 | At ILa AR oA Mg . B L g sk | 959125 | U AT RN R EE
958354 | FHFLEET R (R A i
3 hu@ B EB/NHH 050113 | gt {(ﬁf,ﬁj LT: g
958355 | T il o0 BEAT A AU Bt BAINEE o
958356 | p—At—g DHFRBITELE U IE T TR 5B ) 959115 | AR O pust MiE FARZ%=E
o5 o {JJH o 2 R e 1) [ 3 R || 959116 | ATHIRD pusT MR R B e 30
958357 | - , o e 16 e .
B R I W 9B9LLT | T HI%5E i i P AEE 252
058358 | b kR 8O 059121 | i iR R #®
, O Ay — | 959214 | IS Sua i 0 %
958359 | JiHlEmIT b {ﬁ S N e e e W e v s
st I IR 960680 | i kit 2 At e o 11 N N S O Ly
W Pl B o> AR 2 Y 960687 | fiHIF I i M AE e 2
958370 jﬁifk PIRIROABEI N2 I | e e g e o
s A7 2 — « 2 B 9 15
958362 HA R 960G8B | 1 tALek A JE NI A% H S W I~ E
958365 JNACRE 1 I TH 75 I -
| S B 1 3 2 o ] 960690 | T RIS 52 I 16 1
58360 | s HURIE B 2 U KB A 3 o o e |
TG Bt 960692 | HREHIC BT B O REANE | A I %
WIS vt B i 3 1 2 RN SR D ) 960693 | HH)ITE ENE
oggs1 | ARG R T DU | e g g Je o 3 e+ 11 1 9
R o et 4= i o 2 . by te lil S
960695 | JUSIF B2l -0 7B 2 {f eI
7 syt N R N NS W FhOEP R TR
958368 | LRI O Ze ML {“* » =T s it
08 | EXTMAOZUMEAE | 17 42 e e 06068 | 5 %D 45T :
- " {/J\ B e — o bk R | 960697 | RSN LR NIUEE U R EE
958366 | 7S FFIHE o Ze GH LAk o i o e
SR L L A PRI 060713 | HEA B & R
958363 | 2oFu HEHE O il S KOE B 960704 | HIFEEEE o iy AP N R
_ AN BE — s b g | 96071 | TR A WY 56 oA 3 1
958364 | 22 STk {;ﬁ- Y i ok Ak R E s
| % .",{.‘- e o g P EAR B b B
v 960681 | /NEEHE kS {u, o m
958367 | Loz MM ERI S FH Mz
. Dot T o K H W BRI W 0 T I8
958369 :uj_j:j TR O T K ‘ B 960682 ra?\i{bi\{x@m) FUFIGHH R G WEE fEem L B
958378 | KUH 4 HE 1 Wi
1 f:r"?‘ :U:gf,\'. A =1 AT H e - G s 4 K A THT 5 - < i iz
958371 | MR O L-A E AT R Ak - B gk DA 960683 7K Sfda gﬁ"s" g‘i%] 6710V WA - B R W
958377 | EEELE e KBl DA au LG R
958373 | E B e & ARBAK 960654 Xavo 8T 5 2F-4710v {% R W-EmB O
958375 | EEMISKE 1 2 ACHLAER DK 2uy IHTRRE Vi
958376 | HEMEAEES A N W 960685 | B IMEREE O i B 1L RFAR-IME B
0 R 5 =H .9 [ kE L2 IR . B
958374 | JiM] ¥ ZEEEEE %EFIJ%_% = Ji:b} % 960686 | e {%’éé Ay I M # 5
958372 | MrEfiEE O FER Rmm-kE ¥ A I G
958379 | AP— PS5 B - i R o O
583 ANF—FST1F ] & o G| ?F ¥ 5B 960689 | AHEIEE {f&: "% JEE M B
958380 | i LA > I S MBS — W1 LRI
958381 | GrBERgsLE i i N o 4 B S - 2 A B
GEBHPAZEE i) %K_ b5 ‘ 960691 | A 5> Sz 2 {g patl| 7:: )t AR
958382 | I it B Je e iRk B Wis %
958184 | @) 257 O HL)HIESEE W Ik 960694 | 3B AKE O Bk Ry SmRIEZ
959111 | 5142 (wF WA R - % S 2 | 960703 | Mo FIRALE mE B
959112 e P T T AR B R ) B — « ok 35 i F
21 62T J:f CH 38 T - A BT A 960699 | MBIVl e FEE {/J\ 7 J; N K5 E
959114 | TER(WE] HE ®oOE A HL I
959118 | I Sewt (A N | 960696 | IEZSEFHLf \~2s 72 DFEHAFH I R TR e R
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Pattern Processing System (III)
A Resolution Theorem Prover——

Takayasu It - Shigeru Andd

All problems which human being tries to solve are expressed by logical formulas, and solving problems is equivalent to proving

theorems. Therefore, if this proving is made automatic, it is feasible to build a machine possessed of ability of reasoning in general.

J. A. Robinson’s resolution principle for the automatic proving of theorems is introduced herein, and examples of application to practice

are shown by programs implementing it.

Lo & % &

I<Hbh b X5, NI 5 &35 T~ Cmlil
BRI k o TRE T h, WEo e X, diREcE T~
DOEMEFIT I L EEMTH D, Lo C, EHORN®
HIMET 2 c & AT i, bhvbhix, —WaiERiEE o
BRAEs C e RTE D, LAL, EHOMHBRThEAKEEDYD
CHESAMECcH Y, BRI, Bk sl 5 aiiciEs
NATNETWHE A2 2T L BRETH 2, BT 2 20ic
i, ZOMBROARCHHD 6T, MEKXORDOLD b, EIICE
THEEFUD L 2 & AHEE Ln, J. A Robinsons ® )JY1-v5
Yoyt e h &S, CoBERKELBLDTH D, b
bk, COHERY 5L Jodss #VED, BHTFOHHCOWTHR
Bl Tz,

2. vWla=vary 7Y reriEid

LYYa-yay SVt )BT 2B (so-X i) &, —#
0)ﬁ~£’“u{niﬂ’ KICKDHRE DT ME T b DTS B

(1) JEF (BB OS5 LAKHZAL<kDbD), ¥ kit
T DOEE (U-‘fib Evn3) % ORCRAE D D,

(2) BLBEETF* A, BmMEEE, HEAlLIhTn’
LR, #ﬂf;@(t i, FL-BIBGEEE (23—% Jruovay) B
AT ticx-TERT S,

CROOHRICHPD LT, oW iRy, HRfE
20-2 THobFT T ERTER, B, T, BAWNFEAEX
ChhERP L, J-L B> TEEEL, 20-Us BfEEAS
eIl T, HEREEATZ L Y OETRTE I v,

HRBARRDX SR DODHETH D, Thbb, T20 s0-F
s LT, BRERICHT 25 2RACE T, —HR—HOBEE
K355 R UFsL 2 WHHo—0FD L L, Bb—MAR
AZRBECLT, ZOZOD UFSL & fputl L, BEik Ussp
¥R LEDT, —20 g0-Z B1ED, (ChF LJla-vav &
w5,

TD k5 BRHIRE N AHRRHAC b T, LVa-vav Fvy
S BIRDOBEHRTHEETH D2, Thbb, bLb, B2 bhiAHRHE
D 90-E BFBLTWBEECE, La~vsy KXo Tk b(ZE)

*ARRPIFERT () A RpFSERT

% oo-A BEBEBNE, LEeRA2T, L, HIIRERH, HHR
oA LEINBEMTHZ 0 bIE, KK, ZoRHORE
FOUMECR oAb DOBFET 2T ERDL, bivbhix, 20
FREABRCC LIk >C, BHEHNT 2L MNRTED,

LYYa=vay FVoady BUTFICHR 2 X 5 e, Bitdso
ICEWT W 5,

(1) B OBRHEMTH 5, FHCRBRILOGEE p—Ffc 1
TH 3,

(2) HERBARAKEICHEETw, LidaC, EHih
5 A KIEICIRS .

(3) HEZ bk o0~ FELTETHB%D, L HEW(
FoI OEDLH) 2o-R FEEH LT L & v 5 —FRR NG & 72
THTERTE D,

e (3)ofronTl, LhEw 20-2 05 %2E2 X 5h U
Da-may KT AR TH, ABREMRRALDE L5 T
L AEIHE T w 5%, (ANDREWS 1968)

FOMWICD, LIYa-vsy OHIBCEYT 2 Bk 238 CHEH 24T
v, FHC, J-u AVIvTel REERERGET 2, totAdus-b il
i ER-ch 5, (L WOS, G. ROBINSON 1965)

3. RIS LOEREH

bivbiL® Fod5s 1k, DEC Homrseff e PDP 15 2 b
CHHDOKTEEM 7500 @ Y27 T 1uJYavh EHTWD, YRI 2
rousy ZHHEOMHEA D DTH B, 12wt Fuorsun Wil &,
T b A= BRI AR ENTE D, LYa-vay €ALL TL-A
L LTR—IBERE NBENE D> T3,

LT, 8000127 3700vav K2WT, ZORBERRHIT 5,
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(ON BOX(CLIMB BOX(1)))——ffiicOiE 5 & W TE 5,
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4.1 %75 9l @
Example of practical application ().
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Explanation of practical application (3.
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Glass Laser Machine

Central Research Laboratory

Hisao Yoshida

Nagoya Works Shinji Arai

The glass laser beam is able to focus on a small spot of high power density. Then it is possible with it to weld and punch a hole

without contacting in the atmospher. As it has a narrow heat affecting area and does not import any pressure mechanically, the

machined object is free from deformation.

Now a glass laser machine of output 30J and pulse continuation time 0.4~7 ms has been built for trial, a description is made on

the oscillation characteristics and basic welding and punching performance. Also analysis is made on the deep fused-in welding mecha-

nism by means of the laser beam and fused-in shapes are sought for by using a model of column heat source.

Lo & »% &

SRR, TEEIREoEEIE s X UUNBkic b, BREOEE M

WCEHEARTBIRO IR E BB CINT T e RERIN TN D F
7o, TEESTFICBWChEERDOF Ll X UHIMLA R IR TS,
oS AREICHES LT LT o NI o TmIHEHR
FTETHMEA T,

fisau-4 1t ALz BIRC, Ao- BEL, U-s DIEAY HINE
WDT, Lud THEET L LE fo- BEONER 2wt AR5, U
—HFE—p FRINTHC RS 2 LEAO T b TR TR Eh
30T, FOWSTIREICER - BHBNEC 5. Led-T, 520
~f T X b KRR e R T IR A R X UTR
ST INTEERETT 5T LR TE B, WNTHOHFEERITEL
BT, BRWICIEEL 2o Tiinminc o3 45 X UERE
i mv,

R L= (LE-L-%) K X 2 RBFMITFHEC>wT#E L &
RO, Y3 20T« Sz R 0.4~7 ms @ Asz2L-4 T B
R LADT, - ORIEREE X OYEE, KT I oA Ak
w3,

- A O~ O T E- EEO I L Y, YR
Bic k25, A EFLc X 3 HECSHTE S,

BABCTBE SN D L-FE—s D Ao~ BEI/DNECHFIL DA
FBOBHATIT I TE Y, -, 2EEHHE L LTHE- T
wd, Ao-WENRKEL RSB L, E-s INTIE O ALESR AL
U, L=¥E=5 13 C D ATUC X » THAED OFER E CERT 5.
ZOBETRALIBRENT VDB TH 5, L-Y-s T X 2 EET D
BRBEDOBBIC D T L2 O CHET 2. 37, HRED o
FHEC BT B LTt DUILRE HIE L 7 D €50 1 X
DIRT RS DOTIRFRD T B,

2. HZRL—-¥INTH

BHEORSTINTE X CEERTRETD 5 X 5 1C, FIRIHEH
C U=Htp ORBEST c 5u7 OFMASICESTEE, - N
BrRAIE Lk, L~y ﬁﬂiﬁ@ﬂﬂiﬁﬁiﬁi s THIE - mERB X 0o

 RIERT e 4 RULEDT

Fo—i B bR EN TV 5, MTEARK S J U avto-Lfiwoa &
2. LRt

U=FawF i L=FowF « LRI« 25wwa507 - fubud LR
BIUGHRA L X > TS LT 5,

L4 B e LT Nd 52 (TIR-PLANO, 9.5 ¢x300 mm) #{fi
mbto Nd #520-F0w F & LE-L-Fow & e THE X Rk

AIPRICTWA, RNk EL, RTH 5, T, H2L-1H
J] ool OSHHAKDEREIE L L EEFLAEG, 25902507 O
GEEL, IS X3 owl OTHEFRILT 2 e icE v v
owl ZEA LTV 2,

JUBRIEE Suis KhoTw3 L-foul OiFHE X 7§21
71200 PO EIN TV E DT, IEROLEREHC L T&
b THERL RN,

£t 95002507 ( EG&G #ill FX47-12 1B (7—o & : 305
mm, %% 15mme) FHEALTW%, DX S5 KEREAEFLL,
EREEETESTsCLicXY, suvdf oFaEREI{LTRE,

U-HE—¢ DIBEDT 2T T 2 2V HE 552 Horic MgO
WRZEAL, fotfys HEAEE2ILEEIC LT 5,

FEIE VIR LBE R KE {5 %Bic L-¥owl, Rubud JHEN

2.1 #isav~¥ INTH
Glass laser machine.
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B L C 2502507 KA LT 3,
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$TH B0 Az BREIED 2uFvt OARE XU 3L @ o402
VA BREBIECUAL 5 T 21tk Y, 25902507 ORERTY & B
L, L—%t-s OFEEHIE g:r'l WLTw3,

AS2L- MTEO B b RMEER RiICFRT.

FEAR & 1.06 ¢
HJT T4~ 30T GRK)
AL BRG] 0.4~7 ms

E~2 Ao 50 kW (&)

IEA D £ 15mrad LJF

< bR L 6~30 Pulse/min

AT 20~ZF ¥4I

L~-HFgw K 9.5 mmé x 300 mm
3R IR B M

3.1 A

— T LY W1 By 13 By=A(E,—E) TEbIN5. E L,
L kist«]\jJ, E BRIRICBERBIEREAT (RBIE L& Wil),

WM TH 2, ZHRIR A ZdEJdE, TH 5, A & E i3{E
M5 v-ou b, HEMEE LU Avz BREROERE Sk -
THREEN D,

3.1, Az BHRRR Y Asa-2 & Lk & &AM ED
WERRER T, %22 L, v-% W1 hoy -2 (TRG #: 100 )
%ﬁﬁwcim% L,

Az AR A2 L b, RIBLEWHE AR A

, "‘?f‘l'swh< AT 5, ALz B2 04 ms & &, 2
)«}J:{ﬁ 168X THY, Sms DL EFF10%TH B,

3.2 L—HE—LDis—

HHEDO LRSI INTE & CABROBEEYT 310, L-F—4
o Far-Field fa- of fEE/)“?ﬁ?ﬁ)ﬁXH’\TﬁD BB B, Lt
~& DWMEGE BT 51, L-Foul @ Kutesd BEDH
RS LETHE A b A v,

5ud B LU fofud AU % 0wl it LT, S cEE
THTERTEROT Roos FYNHET AR OEE, Koty
JEES RSB T 2 2 3 ¥ b TS 5, 4REHE
Ik *ﬁzf Lﬁ'é & HEORRIRIRIET T 5 25 Rofud BIEDT % 13 I1E

o 7 LT EBARETH B,
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0t .
!
s t
- I3
g
R 15 {
H b\
- 2
1 30p %
B H
5.
6} %
b 5 e | 0
WEAH (kJ) 5

BHA LR fotud ASAEREM LA, BRE 1mme o Coth-L
% 05mm FORH X, Cuf-n 2illET 23 L-Ft'-s O T2L4-
Z R L, Near-Field fa-u %l Uk, L= 1757 - Auz 4
s 0.4 ms 1 1) 3 Near-Field fa-y ojllsEiEss [ 3. 2 1
o

U—E—s OFESTREESSHTH Y, tmp OFRIEIE DT
cuawc;:‘fx A T Ol L 72 5,

WHEHE S 0 ED (M) Lo IR E DFAIEA 0 TAS L B
Balics Ot o f -6 Bk A2 lld 5, Lt
~& FAESEEEE S0mm @ Lo CHENR LA & E, T B 20

Besr iy (Far-Field fa—v) %72 100w @ Cofi-n & MAnTHiE L
Too AL FERREE R —EIC L, L% e 1~15T g5fbx gz &
EofEamIcEY 2SR R 3. 3 1RT,

L= e v—Ht-s DIES Y MOMFHRE 3. 4 Rd., T
T, L-¥t—4 DIRB YA 0L 0=D/f L%8%T 2, %L, D i
TR CIRE (lo- W) BEAEO e ch 3HOERTS 3,
U~ BN AT Tl u-f ARk 5 L L b, A D M
BBICHIALTwS, LdL, b-FHIR4I B Eicks e, -
BN 21825 fAORMINRZIZE—ETH Y, L4 W15
T e EEARY MIEH 15mrad ©5 3,

3.3 AHAKDRBEE: L —-HHH

Je ool © X o TR &4 3 [tk L @&, BRI FIES B e
By A4y FOMEMBICE U, 3HEE LY 3 X 54 HER L—f o

DI NG, AMENOEE, - ERO T IMOUERT & JEEEN
L DOMD ThLF- 25 JE, 3, JESET (k: fuwew B5) TH 5.
AE kT o L %, BMEfL - OEWEL A5 XN 5,

WE-L-F & 3HERL LY TH D, L-¥ I BHKORE D i
RGPV, HEKORE T 5 LY o sy — 1~
—3%/CHETH 3,

BsaL-4 d 48R L— TH Y, DEHKDOEEICIE & A LR L
Bvo AN THLEF- 2L, 0wl OHHKE Hx CmE L 2
D, L-Y HNENE L, BERAN BT - Sz HEEEHH 0.4 ms
DEE, oul DRHREKOMRE & L HPOMIFZEE 3. 510557,
T DIREITI L% W R G HIARDRE I L v,

3.4 HHREE

AT THu4- 950 T - FERMIFE 55 T 1,500 Auz RdR & 2, 50 AL
2 T e L= I EFME L, 3. 6 EERFRT, M
B S TH B, L~ M ERBT B X U B0 iH X b,
oML LTHoRETH 5,

6‘

j=)

B 3.1 AHNEE#E
Laser output power as a function ot
electrical power of lamp.

654
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3. 2 Near-field 2-u
Near-field pattern.

5 0o 02 0 o oA

B 5 0 BEEE (mm)

3. 3 Far-field f5—2
Far-field pattern
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Beam divergence.
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T RO X S ICHAEMICIEA I LD 130~ O Ao- HIEHR
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REED OB E TER I N L OCHETIARBIRIZERBICEL S D
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4.1 FMEBEOREIZH (R

W I D f5a0-Yt—4 GEEE 106 p) BeICH EiLs &, &
W2 b DYl z i< BT B LYo DR T X

I:IOE~/3x .......................................... (4. 1)
ChHbd, eF L, BEEIRRTS 5, —HICRBROBILRES X
EHhHTRENDT, L1 BERBERIC I~ TOHRURILZ 11,
#oIaE- KERIN D,

L-HE—6 1 X » TRBEEARE TCK) wm#ishike &, ¥
MO HLIE P(dyn-cm™) 3

log P:A.—-B/T ................................. (4 2
TELTE 5, ¥k, RBOEHEME W(g-em™-s7) 3
log W=C+log P—0.5log T --vooovvevne 4.3)

THEMTE S, L, A« B-CRAPEEHTDH D,
S FETH O —AVER L 2R ER 4. ViR, fE TCK) ©
KA < HiH F(dyn) BRD X 515,
F=W oSt (P=P,) « oo (4. 4)
S RET oZFmiE (cm?)
v HEEFTFOEE (cmes™)
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dV S-.dl dn R
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m: FHER

BRSO REE L TOK (2)
ohY, MR AT R
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4.1 ERFEECm<
H

Downwards force acting
on surface of liquid.

B30~ I - HH - S

BB Ao 0 50 7,00 150
C) FiREH (@)
1K O TR (R A4

Effect of cooling laser rod.

3.6 HhEEk
Stability of laser output power.
s, B4 1ICART X5 iaRZE o0 35 C I 2858 B i
i LCREICHEENT 3. COBE

dlidt=wv dnjdt=S « W
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T L AR HCHEN F e olRER 4. 2 CRT. M4 2
KHWT F BT L 2HE =W v STH 5,

4.2 #AILIER
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DM FER 2 TEICHTHEIAER %5 LIP3 LD KEWL
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4. 3 nCEASLo Il FlR I i X 5151 P(2) (&
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Ch B, i L, v REMESN, rs(@) &z ek 5e Ao,
re IR L ARG CH 5, < AFLOIEIICH < FIEHT)
\C X BIES Po i
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L—tt—p 7 Fe BICI & e & %, ALK re=001,
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E' 107
= .
k=, b
= A
= IL
107 pgz
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4.3 L-¥E-p BEHOR
4.2 FEETRXZN P
Force due to evaporated atoms Schematics of laser beam
of metal: weld mechanism.
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rs=0.005, rg=0002cm TH 2 L33 &, Plz) 35 LU Py it P(z)
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Fe @ v 12 1,700 dyn+cmn™ v & 3,
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TN F (R4.2) 1) 300K #TH 3 LHEEN B,

4.3 ZHRILF-DEE

U= IR BE O R R e AFLIT X B AR~ O TR E— i
e ® 5. @ AFLITRIHRIE 23 3,000°K 72 Fe DB IR
RaYLrRIEEOHL LAY, ZORKEIMNT WRICGERT 2
EBTE B, 4. 4 \GRT XS R AILORBIR L b, ALK
BB U-FE~ps DEROEET * HimifiB iy 2z e nc
%3,

CAALDOYREE &z, CAALDALDRES ro, W AFLOFEY
T O=tan"1(ro/zo) & L, HfEEE4. 4D K5 1cT 3L, AL
DEEDE yivn T

ywn=—tan{(2n—1)8} « (z—ag) rrreriieeinn 4.7)
D, L, nZHEBKTS 5,

B 4. 4 o g AL 0 TR0, yo) ZHD L-FE-4 DU
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YL (EAN By) ¢ LA g roeer e e “.8)
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K (4.8 pfffcdh 3,

L=FE=s & G ATLCE MR < DR LA bikx ic & FLo 3
WANEW T 5, BHC o[BI LAt &, 22 CIRINE NS L-E—s
DHRIE L &
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b, 7e/L, ol v~ KECHT 5 e AfLETMOuINE, I
A AALNAR T B - -n D T
Hd,
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&, AHf0 % Asu-a & L, wAFLD
RE LT AADBEICRIL X 0 B L-HE -4,

AEXIEME s

TAILDERK

TEENS0EHE (nm)

R 4.4 SAFLHD L4 DER 4.5 U-Ht-s OEREHE

Propagation of laser beam in weld Propagation characteristic
cavity. of laser beam.
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4.4 BEEEHE®
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W EN5 &, FRBCEAIBREL, HRHER 4. 3 RS
L5 RHEAILDEDICEY k235, - DEMERHRAE A2
DICTEE LA ATLIZES R Y, TALOREESEEICEL i,
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GaAs-Ga,_xAlxAs double heters (DH) junction lasers that operate continuously at room temperature are obtained.

Thus opto-

electronics such as optical communication and optical information processing has reached the new stage. Expectation to future de-

velopment of the field grows up.

State-of-the art of DH laser is, however, that its life is too short to be applicable in the practical use and further studies are necessary

before it is utilized in practice.

This article describes the necessary conditions for room temperature CW operation such as crystal growth techniques and the methods

of lowering the operation current.

The operation characteristics of actual laser devices is also briefly stated from the practical point of view.
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W s BT E 20° ORI AR TG B &, ZRETFD
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E, LT Jowt LdoT, #hd AN X b B 2 pllsE 23¢
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2.5 {bPREESRECLZARZ FILOEE

bEgE A IREOM A IC L 5T, ATz~ DA 2O LD,
R DIERBENT 5, chEFHA L CEEARMY oFRED S
LTS SREE DHEICE B, DITIRBEWARHZ BT 5,

o B oo b T 3N AFNL, Al 0BETE2. 50k 5 ik
i Al OFERAWE XN B & 67eV b 52eV IK 3ok T3,
2.6 Fzduob g%}‘é@ﬁ?‘% ewd Al & AlOs @ 13F-L~1L %
5L, 526V O Feg 1t Al 0 L3 2802211 O DT 225 &
FRER L, ODMETHA» BTN 2 &EL THHEh
5, OS5 CHEFERTMTEC 3 A~ 8% Cross Transition
LRI T\ 540,

GEHE.LDOCD 2370 OTBRELFHESREBE XY B & 3,
My Rici@#i L C o aka bt i a"avﬂr DHDELRIARYRA-
w3 (2. 7), —FEEKCHRMEH Lz Pt(00) mikERET
BIcX s o RoEIFEER L, AES Kk 3 Co ako L OFIK
95071t b0l tvwd, cocekh Pt Q00) WD yus
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CEFHEERES HEcn, ERPOFBOR o LDICn- 2
SHite 20T, ML R BWHE, & s Ag RRBEL,

IS . Vol. 47 « No. 6 - 1973




PPPPPrd PppPrrd PPPPPP LErErPree B 6T AF D
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E—0 DEHI A LERZTASBHE, EREFT I CRBT2ELL
T, 7 aE- Med D, HORKOMED E-o 25 ORHE
L (@i X 3 MEOBARE 11t~ MoA DRk E-o O
& TR 5)1,

AES JIsEic BV 2 BAIER dEREOMER ML A 5 2
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T<H B (17)O

2.7 HEESR

A=z BF 230 b RFEE@RECHEETE 5 0T, MER 107~

1010 Torr DIBEEZE Frol PICHUE - Tau¥- FTes » 78k -
BTHEEENEL TR S,

®2. 8, & rrut- /2 Hres% @ L7 Physical Electro-
nics Industries, Inc. DOFEIEEOE-TH 298, BHFH b O T
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AES »EEHHED €22 & LTHMT 2 & %, {H&ETO 21
ob BEHIICH I 2 TR 3 2 EARET, TTTRID D U
KPR FHC E o T, FOHANE 22 T~ 5.

3.1.1 SioF—v =z AXZ ML

3. 1S 1au$-LA ORTH D, SiD f—vz 2z i

K#o 44y 4k i &k 5 KLL B2 E reut- i (KL,L, : 1,520
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MM BB AE - M 100 eV (35) KllE s, K 1au¥-
O 2800 B, MARMETHETZERL TS O THEIC R S
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55, 74, 81, 92 3 XA 108eV € F—g FHHWY, ch bk 3. 1
CEE DR A-9z BBICL LD EFEL L300,

Ly @ (v bl Los @ 14y EARECEC > Tw 3 kt;*f*ab %
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PR X R, < O XEE I LT o T 03z i );‘M
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eV O - KRIFHERER-TNB EELDbND, 2% TIRHT
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~ I
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Bl e Clean !
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] 3.1 SiHBEROMEINA A-Tzt-2 DR &

E~oT3n¥— BT 5 AIEE & B 5LE © g
Peak identification Calculated (eV) | Observed (eV)
LiLesVy 33.3 36
Vs 36.3 not observed
Coster-Kronig
Vs 3.3
} 45
Vi 40.3
(2nd bulk plasma loss) (58) 55
L2,3V43V44-(1 st bulk plasma loss) 72(75) 74
V3Vi+ (surface plasma loss) 78(80) 81
VaVa 84 }
92
ViV, 86
(bulk plasma gain) (109) 108
@B (1) Vi~V 2E 3.1 OREWED T DE) 0 -2 OB %77,
(2) 23D () offilk, A4 v E—~292eV /i plasmon O = Fu ¥

—REG Y7 L Lo,
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2 (Za)n

iy

Si D d—x 282 M WEER rzhuo b fﬁ'ﬂ%&iﬂi RE IR
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T5)s TREAFAILT Si ofb¥siskgzfiEtd s c e nci s
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eV CHBENTC —8d 5 e,

~—77, SiOx DIOULHHEE LD Y6,
WIC 22 T3 &0 PHERARTIL TN LY,

I RD 272 v,
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(Cross Transition),
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EHLHEEE LD DTH L,
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B - ok E-2 TH 5 LaMM, 4~ B (Ga: 1,065
eV, As:1223eV) o -y OF otk fdiic LTkw s c &R
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1% 130$~ filic,
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7/

GaLaM,M.

{GaM MM,
CadALM.
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sl
sM:MaN eV
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RSz T~ % (85) BR
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T (BT B IR & L Lo
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cation energy energy energy energy
V:ViV, 11-2V 5 11-2Vv 5
M.VV 17-2V 10 41-2V 32
MMM, 57 49 43 39
MaM My 61 53 49 44
MMV 85-V 74 99-V 80
MMV 89-vV 78 104-V 91
M:2,3VV 105-2V 90 143-2V 129
M MM, 112 106 106 105
MMV 141-V 129 162-V 145
M VV 1582V 156 203-2V 200
1aM M3 836 830 980
LaM M3 863 853 1,015
LsMasM3 891 895 1,021 11027
LaMaM3 918 215 1,057
LaM M, 929 930 1,063
LaM M, 956 958 1,098
LasMaM;, 979 972 1,120 11é
LasMaM;, 983 978 1,126 1,124
LaMaM, 1,006 999 1,155 1,152
L2MaM;y 1,010 1,004 1,161 1,157
LsM My 1,069 1,065 1,225 1,223
LoMMy 1,096 1,092 1,261 1,259
- In=depth profiles
15}~
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Silicon wafer oxidized
after phosphorous pre-deposition
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# EOBIBARTETH 5 T & RED bt Y,

3.3.2 74 LA LOBRLEE
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W E L B0,
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foFaud Ul 250 b1 T, FuFrud REOBRECHR, Auds
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B0,
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»  Geod bunding
characteristics

Poor bonding
characteristics

Auger signal {peak-to-peak)

Tl

NRVSNNSS ESUI SUSS DO bous IS WY

1020 30 40 80
: L < ' N I
0 200 400 ol

Electron encrgy (eV)
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