





ZITRFZFZF

/-tl—XLvﬁﬁm%M%
I - AR HIRE R

ZEBEIE Vol.50-No.7-P349~354

/=oAL e, ZOMHOReRIELL, Lelifiionkt
AZALPHEL T3 60T 57095, i TR b L OIfER4: 10 B3,
EHARE LI DFTL O T~ OIS B AT B LT OfEF] 3 25K T Hst-
WRPMTbhTOes. Thbdh, TROBERELIARELZDI 212 v
RT3 Pbott/—ta—XLoliBr»y sl Tv5.

REETS, BRI A PR LTHRELL ) ~ b a— X Lo lis
DIEARGIPERE L ZDISHIZD - TO~NE,

KBEES - REBBEEFOMII L FEFROERMERE
HARHIFR « A ZE - JORBES < SUILUBEE - TR E
=T Vol.50-No.7-P379~383
Z—U IR LA R CRBETF 24 v r P CERED 2R
s L, 2 OEFEHHGEYSRAERER C RGBS L s Te 5. £910
EFTE VBRI R BHEG T A L L A BRSO LRERERTHR BT v,
0D (R RO B TEl:, T OBENTIRI ol 3 HE,
2HR600M Wi, 48K1, 200M W £ O 92k 7 v RS T L 72374 7 $irat
S DRARM A vy FOEFELRGELIZY, I 6F -2 I3iBkD
}E{b‘cﬁﬁi&( LFT % & L OIS Bz, AT, SHRBNAE RS
ZOWREOWE RN T S,

EFANFBIC & 2 E/EBE OFEHH

il B S H SRR - b T - R G

=TI Vol.50-No.7-P355~359

EE RO L el oo T, GHORRMARBMILI L LT,

T RBR DS L DR 24 LIZNFB2 S Eokaua L it o0, 24z

b, FEHBEINFB - 3307 v — - BREBEIR v — 2 DRI N T &

1%, GEAE, CET-RBIFLET 27 LI2IET-RNFB (MELNIC »Bizé s 11,

—«I‘a"@ﬁtﬂd SEWMATIRE L I st AR T, BT RNFB{MELNIC) t{b
DR L ORIRIRER > TiR~< 5.

HEA~Y D L RE
TR« SRS
ZE BB Vol. 50°No.7-P384~388

WAV O L LM T 2 WE 0T, WK Pdlif LTl T 22 213
Fi o TP AN Th 5. eI, MINKHIE D G, RIR
PHGES NS, BIEVBEMTH o, BubFEFCHBE» o L @}\,t./.*.f:)i) Y,
THHEHR L LTt e LTv Ly o, 40, ISt oul
RAEED R THBCNb-Ti &% (panK/p1wK=1.07, p 10K/ p77K=0.975)
PHUILET NG T, ERORE e Lo siia s 2 s L. 1‘? 15
T OREHAL AR, ML 3400mm, SMESmm, 208 THIAEUI WD IR,
LUPEESYI20.02W e TH 5.

SR REET

BETHRL 22D 7 — 2 EE & Rk

AL - LI R W W

=ZEBHRBER Vol.50-No.7-P360~363

ﬂ{._l“ﬁul..;{ﬁ")’t( IENG )~ a—X L i, MG 2%y
L ST, SNSRI T —2 B R R S E, LR ERET 5

E:Eﬂi AN TV S, AT, xuﬁﬁbtyé}f;/~t1—x L = Wi T st

BT 2B AL ER T — 2RO LREC O TSI L TV B, 20

Bl7—2 R e st, 72 TR0 LARCHET WT 20 THR

CTw3.

EREEPWMA o i—2BH (Y 22D E T
JUL Wy A - A

Z TR Vol. 60+ No.7-P389~393

H RIS A o2 QR T, FRIEAI T
KA 2= X DRI UL PR 2109, TERL D »TEEIE, KGR
ORI OBENTII A Y A X PBBETH T2, S OFREAL, FHA
YAZELT, SMNHERGEY A Y A ZEE © (1,400V, ZA6EH 4004/
200A (FFA Y ARE/ XA X —FE), x—>F ZWEH D 20ps, BHERTSOECC
1kHz, #24 { FRS00BY-28 ({R¥5), $nicHilisrA ¥V 2 & L LT, @kl v A
MIEIHFA Y 22 (B © 1,800V, Edgs S AL T 2,000A (0 9V ANEE0 us),
& —k PR D 30us, SR D 1kHe, 24 I FT300BX~36, OBHZEIZK

;}'di’}[}\")uz Ell?‘ s34
LT

STLI:OT, B, B, BHECovTHET .

BB L » MEg R 0ICiL
UAHEEE < SEREIRIE - fElise— - ok - EapTiE
EEBEINR Vol.50-No.7-P364~368

ABRE2ZENETARE L MSBOSA L 20EHEIHD TERETH 5.
BT REE Lo 06T MESO FU I TATH 0T, EFH
HOETE & 5 570 12 IHE L o Wi O BEEE ICOME LT, o
DICE M- RICKHTE L 2o AL LRI LD T, 2T 5. G
L2 i MICI 2 E M, 28 Rm, ﬂ?ml[]ih‘r, YIay MEkKED
b, BHEHER LAAEPRERTH 5 RN L a Y — 2 A XM
BICIT P S LT P D IEM S — PEHR TS (EHHHE b 30, JE R
AL & 2 IREIRR A W S B A 15 TR AT e 12 A (1)
oszrtoTHs.

t»%“yer

FURET « NRGE—BR

= TR Vol. 50+ No. 7+ P304~ 400

BB B BRRIMELIEL L, WRRHOMLR IR U L LT R

T ARRPHRICEL Vo055, ZOLI LRRTIZH L TH M{)%f/“rl;ﬁ%
A—H L LT EHEL, PIRDTF 50 53 383 L%, MIt#T-

T B ARRTE, 2406 OFFZ, BRERD 5 b, i 2 7 1{MELNICS)
Lio“iﬁfﬁifw Tat—¥al, LT, MRMEECET 6L 0@t E e s s
AbETHINT 5.

e T pp— S —— _“~"“—'"‘1‘——'“"*—'-‘—'——-————————%W-—-———————'-*————*—-——————«——‘————W@@———-—-"-—-—-——-——-——“-'-*-—-——-‘—’———-'——“—WL‘——‘-”‘———”“

R BEY L —

WHHGES « Bl - Yk

ZZETHEE Vol.50-No.7+-P369~375

IR O IE B OGS ML, CARLBOMBOKRE, HiAR— 2 DHi
Ay BRI L AAMEL OIS G, ULt ATRROIE S 2 L 208
PRE (L AiEIC D B,

CITRIFROMA RSO L, S OEOE LY, Rk ko
B L = Wi & O IIs o O Tk, T izl Lo L o s
LT/ —ba—X LWl ¥ LAY THINT 2 ORI TEEZIGE
Jre 20 THT 5.

EXRBZOBIEDHT 70 274 "MARS” OIS
NN - Rk « A39paeE - ok - JORKEZ
=TI Vol.60-No.7- 401~ 406
fi]$ﬁ$ﬂl¥‘@fﬁflﬁ§'})J(‘ BIL, B9 2 EMC B L, 2o BdEEN Y
DY BRI LT L BEDRRIL L W7 e 'S & "MARS” #BH3EL
720 2T, T =S, VRRAE S S SO H O BRI
PAUCHMIL, KIZMARS O#E, HERZHN T 5. 270, FHROR— UM
TAREIR DR T~ F, Bz TR o A ORI 22—
FIH, 7 ¥ OS2 0% Lo, MARSIE, #8300, WHan30(Ha
REPN EOT I ey 11}»&( HETs 2B 7 025 0T, AEE:
DECIEEORF MRy T2 b0 LH 2 5.




Abstracts

Mitsubishi Denki Giho: Vol. 50, No. 7, pp. 379~83 (1976)
Thga Rellaplhty and Strength of a System for Bracing the Stator
Coil End in Large Turbine-Generators

by Kazuo Hayami, Shigetaka Kawai, Kozo Yagi, Tadayoshi Maruyama & Yoshitaka
Matsukura

The increases in unit capacitics of turbine generators has resulted in a
sudden increase in the electromagnetic force acting on the stator coil
ends, making the evaluation of reliability an important subject. For some
10 years a program has been under way involving both theoretical
analysis, and measurements using small models and large-capacity
actual machines, with the objective of understanding behavior and
confirming strength. In a continuation of this basic research, it has been
possible to prove out coil-end reliability in detailed engineering tests
involving two full-scale model generators—a 2-pole 600MW and 4-pole
1200MW unit—and it has been confirmed that the data thus obtained
can be applied to the super-large machines of the future.

The article describes this research program, along with information
on the various types of tests performed.

Mitsubishi Denki Giho: Vol. 50, No. 7, pp. 384~88 (1976)
A Continuous Level-Indicator for Liquid Helium
by fkuyuki Hirata & Norio Oi

In most cases of work involving liquid helium, continuous monitoring
of the liquid level is a basic requirement. Conventional liquid-level
indicators suffer from a number of defects—innaccurate detection,
limitations as to permissible ambient conditions, complexity of calibra-
tion, and the fact that the detecting element cannot be replaced—which
make such indicators unsatisfactory for industrial application.

A new continuous level indicator without these defects has been
constructed using a detecting element of Nb-Ti wires having the
P300K. PIOK -
PT0K ==1.07 and p77K—0.973.
Standard specifications of the element are: measuring length 400mm,
outside diameter 5mm, weight 20g, and a heat loss in liquid helium
of zero and in gaseous helium of 0.02W/cm.

extremely small resistivity ratios of

Mitsubishi Denki Giho: Vol. 50, No. 7, pp. 349~54 (1976)
New Products in the No-Fuse Line of MCCBs

by Setsuo Makino, Keiichi Yamamoto & Shingo Maeda

Mitsubishi’s No-Fusc molded-case circuit breakers offer inherent
advantages in terms of safety, and there have been successive increases
in interrupting capacity and reductions in size. Recently, new products
and improvements have been introduced with a view to providing,
in addition to electric circuit protection, characteristics coordination with
other equipment and applicability to new ficlds, along with a bonus in
increased convenience in installation and use.

The article discusses the basic functions and applications of these
newly developed products in the No-Fuse line.

Mitsubishi Denki Giho: Vol. 50, No. 7, pp. 355~59 (1976)

The Use of MELNIC Electronic MCCBs in the Coordination of
Low-Voltage Circuit Protection

" by Yutaka Nakayama, Yoshinori Mochizuki, Junichi Terachi & Susumu Sato

The growing capacity and complexity of low-voltage wiring circuits has
resulted in strong demands that their protection be handled by molded-
case circuit breakers that maximize the area to which power can be
supplied without interruption. This in turn has led to the development of
short-time-delay MCCBs, 3-mode MCCBs (with long-tinie delay, short-
time delay, and instantaneous tripping) and current-limiting MCCBs
with a time-delay device). Further, the recent development of the
MELNIC line of MCCBs, which incorporate an electronic tripping
device, has made possible even more sophisticated selective trip protec-
tion coordination.

The article discusses the MELNIC breakers, and selective protection
coordination with other protective devices.

Mitsubishi Denki Giho: Vol. 50, No. 7, pp. 389~93 (1976)

The Development and Applications of Thyristors for a High-
Frequency Pulse-Width Moduiation Inverter

by Akira Kawakami, Michiharu Ishido & Katsuhiro Oda

Among inverters for AC-induction-motor speed control, the PWM
inverter is of particular interest, but its practical application requires
thyristors having a high-voltage, high-power thyristor, as well as out-
standing high-frequency characteristics—a specification not heretofore
available. This requirement has been met with a main thyristor of the
fast-switching reverse-conducting type (tentatively designated Type
FR500BY-28; rated voltage 1400V, rated current (thyrister/diode)
400A/200A, damping time 20usec, operating frequency 1kHz), and an
auxiliary thyristor of the fast-switching reverse-blocking type (tentatively
designated Type FT300BX-36; rated voltage 1800V, rated pulse current
2000A (pulse width 50 usec), damping time 30 usec, operating frequency
1kHz). The article discusses the construction, characteristics, applica-
tions, etc. of these thyristors.

Mitsubishi Denki Giho: Vol. 50, No. 7, pp, 360~63 (1976)

The Arc-Voltage and Current-Limiting Characteristics of
Low-Voltage MCCBs

by Fumiyuki Hisatsune, Kiyoshi Eguchi, Hirayuki Sasao & Yutaka Murai

A new type of molded-case circuit breaker has been developed for low-
voltage distribution networks. The breaker incorporates electromagnetic
repulsion contacts to generate an arc voltage immediately after short
circuiting and thus linut the short-circuit current.

The article presents calculations for the arc-voltage rise rate required
in the series protection of equipment using this repulsion-contact
breaker, and discusses factors aflecting the arc-voltage rise rate based on
actual generation of full arc voltage.

Mitsubishi Denki Giho: Vol. 50, No. 7, pp. 394~400 (1976)
A Fire-Security System for Office Buildings

by Yohei lzumi & Junichiro Ozawa

Every major fire focuses attention on fire-prevention and on the strength-
ening of fire-security systems, and Mitsubishi Electric is applying its
broad expertise to many aspects of research in this field.

The article presents the results of this research-—the MELNICS fire-
security system and means of simulating the evacuation of buildings—
and discusses recent trends concerning fire-security problems.

Mitsubishi Denki Giho: Vol..50, No. 7, pp. 364~68 (1976)

Applications of ICs to the Detection Circuitry of Earth Leakage
Breakers

by Kiyomi Yamamoto, Kuniaki Kondo, Eiichi Sato, Norio Akaki & Yukuo Miyazaki

The quality and reliability of earth leakage circuit breakers, which
protect personnel from electric shock, are of the utmost importance.
Since the non-tripping of the electronic circuitry in electronic-type
earth leakage circuit breakers is a particularly grave problem, a high-
reliability IC has been specifically developed, and this article introduces
the breaker which incorporates it.

The new 1C comprises a voltage regulator, differential amplifier, time
delay and Schmitt trigger circuits, and can be easily connected to a
zero-phase current transformer. Measures against surge and noise are
also built in, giving large surge capacity and high reliability. The
addition of a simple component to the time-delay and differential-
amplifier circuitry is all that is needed to produce a generally applicable
type that also has inverse time-delay characteristics.

Mitsubishi Denki Giho: Vol. 50, No. 7, pp. 401~6 (1976)

The MARS Program for Lateral Vibration Analysis in Large
Rotor Systems

by Keishi Kawamo, Yoshitaka Matsukura, Yukio Murai, Yukio Aoki & Kozo Yagi

The Mitsubishi Analysis of Rotating Shafts (MARS) program has been
developed to allow accurate simulation of the complex physical phe-~
nomena affecting the lateral vibration behavior of large rotor systems,
and to permit calculation for such large systems without the propagation
of error. The article first explains methods for calculating shaft
overhang and bearing installation adjustment height, and then describes
MARS functions and structure. Calculations are given for an actual
turbine- generator rotor in the stationary mode and for modal rounding
at critical speed when supported by anisotropic bearings.

The MARS program permits error-free calculation of vibration
response for rotor systems of 300 sections supported by 30 anisotropic
bearings, and will contribute greatly to the design and manufacture
of more reliable large rotating machines in the future.

Mitsubishi Denki Giho: Vol, 50, No. 7, pp. 369~75 (1976)
Time-Delay-Type Earth Leakage Relays

by Hirotoshi Nitta, Takao Yoshihara & Toshio Jitsumori

Recently there has been a sudden upsurge in damage caused by failure
of low-voltage electrical equipment due to trends toward increased
building size, reduced space for installation, and use of unattended
equipment owing to the spread of remote control.

The article focuses on trunk-line ground faults, discussing means of
prevention—specifically protection coordination between spurious
tripping and branch earth leakage interruption devices—and describing
the ‘time-delay earth leakage relay,” which can conveniently be used in
combination with interrupting equipment for this purpose, and with
molded-case circuit breakers.
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WHERBEY oJtet A COEBENTHbh 3 C L BEn
O THKEHFI R IC X 5 BEIEH OB 22 ©, HEAR
U B o 77K Ik 5 MKIESUHER & §~7. 15kG DOREFOEN
ot L CHsfidbd 01 9% LITCH o7, Y. Shapira  § Nb-Ti
G4iic 10K © 80~105kG DRUSGHEIML /= & & o EHEEE
LYGLITTH B LHELTwE D, LT, SEAARED
SRS R C X 2 L fEE T & 5,

# 1 ICGR Lok 2 3B A TR OB IETICEL T 3
CrBbhd, Thbb, HEZENRV € OEBEEE RSE
BRIR L & OERIEEAERL T w3 20 Th <, HEEH 200
mA F U HITERE 0.1 Viem B0 TR TwEL 2o T b, A
ENBDT ErbLER A LRI ORHEFICHRS C LIC L,

SUS tube 5¢x0.5t

Nb~Ti wire 0.14 ¢

3.2 MmHETOHE I Y
BRINRT oZEHRE S & 2., &2 6., AEERE 7. R, & 6. BHET O

A 5mm, P 4 mm OEFE (aFura X fsatfss #) @
FCIBTEREE A O - e ARG IC R - T 3, BTOE S GEH
DAEDRS £\~ E 400 mm K BE L 73, ERICE L TEEOR
SHETE D, HHCREREDOELFEE 220D oulizy
B ez PEINCK X, B - BE 1-F & &b Asaf+y B
T 75041 CEDTH S, -2 DERIZFY 00IW TH 5, A1
7 OW¥HIC X IEIE AUDL DHED DI ABH T TH 5,

3.3 HHRTOBIEEE

HEEH 200 mA s 2 HHFET GUEE 400 mm) OEZIEG
300K v 2160, 77K 2070, #LT 10K T 2020 ¢
5o CORMET % HIZEEM 200 mA CHWEX ¥ 7 & & O OE
SheMNEE VolEz2E 8. kR, h-VEETER2AER
BFExE R LTV bo 7. BHFETONE
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(200mA)

v{v)

HNBE
N
¥

i 1 1 1 i

I
0 4 8 12 16 20 24 28 32 36 40
EEOBZBS hiem)

B 8. BT o HisE: (MEEH 200 mA)

E—%
[ WV
s

Gas He '
B’
iji{‘ —_— e —— R FE— FE—
z _— o~ —f — — G)*@@E§+
t| —————f— ———~—
g Lig.He

BIER

ks

9. WmE ORIEE

® 10, #

WAk ~uDe SR - P - RIE

® 3. WAL
i H 1 B
i b fiia s DC 200mA
A - % OB E R
2 e AC 100V
® E WERHOEMAEL LTS5 R T, Lig. Na,
Lig. He 0 ¥ i C RIEHTE B
4+ fi =} % 120 Wx 200 Hx 280 L.
n g 4kg

3. 4 mEEHFS
RIFARICER X s E e LT
(1) WEBREHBTHB

(2) BHEFcEHERS 3
(3) BWE./METHD

aERH DL,

BUMBEFOWHOE S 2 WHEEAEHBIRC 2 L, MEER
% 200mA FHLG e LT 150 mA 7 b 300 mA DRI-CILIT I 2YE
TEBT L, MUHET T cathoBSENAZEDb s Ty (HoE
TRRKIOELDOER L WETOEMRLET 5) EHTZL Rao/Ryo,
Raop/Rrr, RyofRer B—ETHBC e #FAL, LEEoERA AT
A2 T s c e T 3, MIEERE B 9. ©, HEr R
10. 1R F e 2025—1 5 Rt OEF +—2 OF Kt % 40em i,
4t & Oem K LC 2 0% SR BEAEED, 41Mur % LN,
4358t % R T K HE - Tk 1J B RF LB RIERAEER O
WA T T A%, TRDS, BRCKET 2 BEAHART
FIRT X oK, WEREHECIWET S & ¥icislss LN, #5757k 5
ICRBLIEEE 375 20T X v, Btk Auos et ERoEso
W #RT & 5 CEBRTEY T2 X CIERTTL 3, CDLSKC
HFE3HM L EOWTERERCITS T & ATE, SRk A
UL BBEE L, RERCRIECRZE D TF, R T ¥2mbE
57D, EEOMWEMICHRETE T I - 24—z~ Bl
NT o Tn5B, FHEEotEEEE 3. KRT,

4 BB O

EESEWER OBERFR 11, K12, ZUR 13. Rid, B 11
B A5z WD Fao— CACRIMET2RAMN T, A LMk Ay
U6 BBELTAL & EOWHER OTRERT . F5ur27Fa~3 @
WOHOMEOBESE TCHE AT ITFLICEELTw3, cok
¥ 9514280 WOHRTZ LT84 & ¥ 0Emo2ibnE 12, ©
TENTE, BEHEOECE X ICHToICEBREL, HEHOBNMED
FOBREIL T 5, B 13. 3 KIBBEE /4w ST 28,
W% eza LABWERcH 2. BREPFCERMcbAE Y RELE
WERRL T 5, HiL L BI%E 3 W Al T RT3 Bk e R
T LB I &, FOBiiR A L Cw 3, BiTE £
 ORINFEFAE A D 7514220 LBEEE AT i, #
Mo -z & LTibhTwn s,

5.6 T U

LRSI OREERIFEOmY T v Nb-Ti &8+ Hwv 5 ¢
LiIckh, TEEHERRE Lo 2 3 iEmE 2 Ve 3 5 ©
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Vessel

T Lig.He
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10+

rE(5)

Lig.He
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53
©
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BT ()

s
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o

r.t

i

0 | i
40 30 20 10 0
FEOEE hicm)

L1, WEmmRt o B R

30
10s
30+
E T TR 4 20 10 ' 0
< HEOEE hicm)
© 20k 13. @i 3 WER OEERHE
E (8) R - /NBT, iSRS
TH Do
L VTS T OWERHC X - T, BMICEIEREORMAT T, &
SF LI ELPEBEYURBE AL OIS KEWT WS 5142
@ o, AOEMATBEOB X % & b4 T, WOB & % FHiT 2
z & AEELE & o oo
05 5 1‘20 i S5 L%, T OB A - BRARR « 031422y
b & DR AUDL T IV 3 SRS R U SR BFIE 218
®OE FUREE A & OBBEGRICR T L OTER R L
EE; %%ﬁﬁéd\ﬁmfméﬁ% <HEBENZ b DL BN,
(¢) PR ZHELC 5 RIE (R 51-4-1 4
M 12. wEEitesT 2 g £ 2 X &t
EBRTER, EOERER (1) J. R. Feldmeier and B. Serin : Rev. Sci. Instrum. 19, 916
(1) WECHE s ZBEE L (1948) V D
(2) #1 kG FTomBBHThELD (2) K. Takiguchi, et al.: J. J. A. Pt 9, 547 (1970)
(3) REZLOM L BT C b ERECHET 2 (3) AEEH ERTE, 3, 131 (B43)
(4) BHFEFHBEELED 2 (4) FHEE» :EETE, 3, 120 (iB43)
(5) MRHWERA X (1 mm L) (5) FHIEH : (EETZ, 3, 221 (B43)
(6) WEHEH~DBREIEN (6) FHEH:ERTY, 5, 24 (1845
(7) BERES (7) Y. Shapira : Phys. Rev. 140 A, 1638 (1965)
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o

= ) iR P

|4 =B YAYXIDERFEEEDISF

L% A &% %

ek, DIHIE, HEEER, SERFERS OEREHIRCEE
FBHEAFA bR TE . L LB, Eilix bic{RsrsiEs
ERBEIEICD Y, RHC®A 5 AmEIRE A 2 TE9RE
CHAEN2X5CAh-TER, ZOHHRLTHHEIEEREA 1o
K-z OEHBERAEFRCThRE X Sch Y, KARI(L, A
bR LT E RO TH D, PTHEAE Ara FBLEHK 104
—x (High Frequency Pulse Width Modulation Inverter, IIF
“HFPWM 1o A-2" LT 5) &, EfkAs(l, [BIRERIERL
DL b2 DFEMERLAWEE N TR B,

HEPWM (ui-2 3R 1. (a) CRT X 5 cfesko 180 JFilER
(FE (b)) k1 EHFOMRBIZ L T2 (foffo=3~6,
So: WOBERL fo o SRR, fo 25 250 Hz BRI % CO IR
LT, foRdEETLkHz i A2 B) Kk OETHERS AL,
HEHERIRC X DI HIIBOE A b h, HEERESE LT 5 w5
Bz boTwd, ¢k AMBCHAINS $1Y28 KIEZKD

X5 AR EN B,

(1) BEE (1kHzl b)) coiEsgh w3,

(2) FEHYruzz i, WEHE 1,400V L) ThD a-uiy K
P 0ps BUTF) T &, i HFPWM 1 /-2 Tl vooL 2 o
v TR B RS OB E Y DIEREIRE Z - 5 20FE f1Y22 &
WEEBHREE L,

(3) EmHimiBh Yruzz BKEH Avz EEAES (S 18 ;5 50 ss,

B 1kHz 2,000 AREE) %4 La>wEiE (1,800 V EILE)
THBET L,

LALIKHALR T3 X3 e h bDBERFEHO 1T, g-u12
WA 375 ¢ & L EMEL, ABERARL GBREE) M5
LEHMEETECETHDY, RN LOERE T ACHET S ¥
Y22 DEEREHETD - %o

IO

fe=5Xfo

UL

~_ 7
1/fo

(a) HFPWM#Ast  (5-0L2ZED)

(b) 180FBEH(NEO~1DE X)) MDY EH
K 1. 1ui-a HXOHNEE

* B FHRVERT (TH) M ALY

IR R RN RS

chicstl, 46, LEEHRCGES L Y19ze X B
Yquzz & LT, RERTFHECEMEL BEAEL GrvFud 8
BB Ui, EERAMER 4192 (1,400 V, 400 A/200 A,
20 us, 1kHz, J§4 : FR500 BY-28 (HEFLITFHES)) &, BRI
Az BREM #1yzz (1,800V, 2,000 A (Av2 Vg 5 50 #s), 304s, 1
kHz, Jg4 ; FT 300 BX-36) OBEFicizhL, HFPWM qoui-a %
BT OB (-2, Fauw ~DOERLOD ERBAEDT, M 41
22 DS, FHE SHIC D WTEET 5,

2. MEBECHEH

2.1 HEMKASEEEYA VRS (FR500BY-28)
DT R OEE 21 »Fo 7 WHHE 4ry22 FR 500 AX-24 (T
FE L2000V, FEiAR ¢ 400 A(Yruza ) /180 A (d14-F ), =
—A 7 [R5 : 80 ps) I HS, WHEEZ 1400V, g ERHAR %
200 A, za—u77 F]% 20 ps DITIC L CRERB O L2 2 D,
Fic 1 kHz ) o e RBEm 2 il s 2 X 5 ARt
ERRE N E KRB L b D TH D,

2.1.1 #% &

TG 1928 FICHE ORI EENBTRE TS 5 7 0 IREHANK
DG T2 iR BT 5T & 28T 2 O CRE—THE S b DB
P22 KHALTEEE -2 B2l T2 L A TE S, LAR
S TEDLHKE 40 BEZ T CBHARH T2, a—uio HH
ZIDEHETIC LB TEDD, Tx ik C ORI ERIEICHIF L,
(1)Np@odo 7 -1 filic ot B R 80 < p-
n-nt e 32, ()W truza BT RS, T ic kY
FR 500 AX-24 2 FU Sio1n HEDE ¥ T 2—vity Kitl0ER,
AL, AREHAL R UEAM LT FRICSER L,

—ffiC p-o-n* FEECR p BEIC BT n B (BRI BT
DELFHL LBZEED MU 22X L <HA—HEEZBL C AT
%%, 3. 0FHE pontHECE - CHIEDTHE® B2 200D
nfHOEL (W) & nfEo I () OBRERLZSDTH Z,

&b (G) B O &4 (K)
[ EHTIvE
T 3 7 23 mﬂmﬂlﬂlm[lll{lmﬂll/[ﬂ/ﬂlﬂﬂmm
n{Ne) n(Ng)[[n(NgH n(Ng) J .
I S \ 3 p(Pg) J
2

)
] 63| EIG R G

' EHTivg
%_*_ | e
BB R 5 IETEVE R s

F{mE
2. TEFFMEE 4022 (FR 500 BY-28) OdkAEiE
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%
B L 300°K
200 Vp(p-n-nt+) 7L —28I BE
" XED p-niE0BEOEETRT.
(ZorsDHMIBZFELTT)
X
)
7 1501
=Y X
2000V
1300V
100+~
o= Vg (p-n-n)=1600V
ol : : :
IR 50 100 150

pn (Q—cm)

B 3. pn-n*EICE T3 nFOES (Wy) &

4. TR 91y 22 FR 500 BY-28 (1,400 'V,
400 A/200 A, 20 ps, 1kHz) o4

FIE D X ENiE p-n B57%5C pn-n* HiE0OBE L B—0OME* B3
DO p, LBTBIE (LTl Wa TRLTCWS) 2RLAD DT,
BTHE AsAt-a OERLEE LBRcH 2, 0@ b p-n-nt
BT m2ETEALT W, 2 KBRS & €2 2 L XTRETH
BT eNbhb, FRO00BY-28 ¢k W, Z4EEFET0 2/3 LT
LCED, ZORET a—uiy RFOEREL 1 BE, WHAEE
BTE2ELTHCLNRTED, BEEARCLLLT, W, ORD
B a-viy BROV A5 ) HEZED 5 DT, afwFud BEEBHE
L, dildtTHBZAEX€ZCEMRTE S,

—~H DR FTH, B 1122 O a—oity BERZE H1U23
O A ATEHE LTRERT 2 vHW BHE 7 HEER b e T
W a—uvty FEROTREEIAT 2 X 3 L, 21wFud BEZBEICER
XTHThnb, ® 4. i FR500BY-28 A% 73,

2.1.2 4%
% 1. ic FR500 BY-28 op gk, Rl (%) %7k

IR E R R B L A I Ic D Tk B
(1) g—uA2 Rl 0 a—ud> IR (2) OIREKEHEORERN S
5. iR,

(2) B Ao BE . EREMEEAIOEHE L 4 25808 1o BE
%, FR500 BY-28 & FR 500 AX-24 I D\~ CHIG L A k52 % [ 6.
IR Chic X, FR 500 BY-28 i FR 500 AX-24 it~
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% 1. FR500 BY-28 =ik i —% (15%)

H H FAO S B - <X T 0174 % #:
LE—-s8YELA 7 | Vorar 1400 | V e

RIE
2. B~y Y ELA | Vosar 155 | v —

ZHE
3. EyA v Riw Ircary 400 | A | f=60Hz, 0=180°, Tr=85°C
4. FIPETH Incav) 200 | A |f=60Hz, §=180°, Tr=85°C
5. % —UF R Irs»s 7000 | A |f=60Hz, 19%4 713 DEL
6. Y — SWMMH Insar 4000 | A |Ff=60Hz, 1 {7 AR EL
7. B Y RBLE AR | dilde 500 | Afus| L2570V Tra B0,
8. + VB Vrar 2.5 | V |Irse=1250A, Ty=125°C
9. MTWERT Vear 2.5 1 V [Irar=1250A, T;=125°C
10, &+ 7R Ipra 50 { mA | Vp=1,400V, T3=125°C
. BifA 7 RELRR | dVide 300 |V/ps| Vo=700V, Ty=125°C
12. 5V M | b 2 | ps |FEASI0A, Vo=TOOV,
13, 5= b b Y AEE | Vor 30 | V | Vb=6V, Ty=25°C
4, Y=t b YR | ler 200 | mA | Vo=6V, Ty=25°C
15 GHRS AT | (difde)e | 125 | Afus | IR 520004, Vo700V,

MR
16, gA3EIR

FAIREH] Rn(G-FYI| 005 PC/W & -74 VA
FA X~ F| Ru(G-F)M| 010 PC/W| &~ 74 ¥

V7. B —_— 1,800 | kg |#ESR{H 1.500kg
18, AL T; 4054 °C —

12 X

tq (us)
[os]

G
X

B gl
£ X T et
:IS /X IT3=600A
,\.‘,\ 4F 21 lw=195us
s, VL =300V
v dn/dt=20V /us
2r I =50A
0 i H I ! 1 I i
0 20 40 60 80 100 120 140

B&EE T/ (°C)
5. FR 500 BY~28 &> g0 RH DR KA H:

st UTZO

- [ 770

Vp=800V v (trans.) | BIEAEIE
I—”I=800A irt A TE, Irar: E— o4 Wik
Tj=125"C Vp i A7 BIE, Tj: ERIBE

® 6. FR500BY-28 & FR-500 AX-24 018 4+ WD ol
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2 120 - X\
% x
x

100 -

wmI4VBE T (°C)
[2)] [es)
o o
T H
X/ /
X /

fe=1.5kHz  1.3kHz 10kHz 0.7kHz 0.55kHz

m\m 40 BERE
Vp=300V
tw==195 us

20 - di/di=40A/ps

FRHIERLET (K18 5:HR)

1 3 i 1 1 1 ]
00 200 400 600 800 1000 1200 1400
Y=o Bk Ima(A)
Bl 7. FR500 BY-28 0% 1o RE T 2
E-o4v Bk

e

O(&E E)
O(&3k)

Ty =600A
tw=195ps ({HBIE)
di/di=40A/ us

R 8. HIBuELl L 7 i E E e

THEEASE) < a—od> RERIZSEVIC S b HF5BIE 4o BEAEL,
EREEHEAR T SN TwE T L Hba b,
(3) HRGEELN :  a-uio RO REEST % HHkic
L TRD AR 21 B (Ty) & C-o4 BH (rxn) BB R
- 7. CFT. CONEEERE 8 RTINS (5B I 4l 1% T8,
% difdt=40 Afps) OEREZF L AHEODDTHY, Thi HLEH
RO A OGS HET D &, fe=13kIL o0&tz T,=
70°C T Iry 00 ABEOBREZHTC LM TED L 0L B,
z OfE HFPWM (o A~2 COFFAMNE # ic 8 3 2 & 400
Arms (fo=250Hz, f,=125kHz) iK% 3,
(4) WEHAEDT: L OEREERLC d04-F fllic b—0 &
#i 2,000 A L)L E O IERGHA N (07 ¢ 50 ) %38 L ¢ SIEFZR
BELAEWT & 2R L&,
2.2 BRBESAZEEBYAYRS (FT300BX-36)
T DT VVVE 1o /-2 OEHHE $1922 & LCRED—H
KEH 41922 FT 300 AM-36 (fHEE 1,800 V, Bizs 300 A) o
HERRICINZ T, 2—ud 2 BEE% 30 us IR QM L, Lasd 2,000 A
Ll (Apz #5850 ps) OKEF Aua % 1kHz Ll Eo@E Rk ciiEc
¥23X50CLEdDTH B,

F1U22 ICERE CIROM v KER W2 2 WE T2 & aqwFus
RERSBRRDORIO* 50 5 & 5 1k ) EFREROERY L
CENB, LEAR-TLDX S AFHRICT0% 5 BT b &
E 5, W a-viv EBOILK S a—viy BAROT S 2 b

e

AR PWM 1 A~2 I #1y22 OB L 2ol « L - A2 - /~E

Q 7—HG) (r FaAE (K)

imspy— b MR

\
TS 27 V. 77
Ne
| !
! !
‘ | -Ns )
T i

N e

JI Pp
T 7 AT T
1 M- e A A YR B ER
VEOES-]
S (A)
B 9. A Avz BB t1yza (FT 300 BX-36)
25+ \
X
VD Iy
20 |- vy
2 [
- x i
* 15 BERE
g ¥p =600V
X 10 I7y%=600A
g X t=busg
@ \
sl X~
0 i 1 1 1 1 1 i 1
1 2 3 5 7 10 20 30 50

fEgn sy dEmE  (cm)
10. B 4o BIE L BIBD 7~ HERE ORISR

DT WAICER L T 210Fud BER RO T 08 b BEAY
Bk B,
2.2.1 #
FT 300 BX-36 vk, FR 500 BY-28 & [EEEICHIB 41022 % WK
UCHIE - BBAER S a8 2 2 & dic, BmoIciEEs &
HEWCHHAD X 5 IR L <8I s—vdy T A4, a2-viy
VLA AL hy— FERIRA~IA A5 % IR 2 0004 & & < BB TR R
EEDAC LRI LTwd, ZOFAMERR 9. IKFRT,
— A IR DO FRRD - A CHBIEE TR 2o R T (U
TH-r HEE LT 2B T30 AR 10, AT X 5 @)k
Ao BEDEM, ThbD 21uFud BEFNT L TEHER D 3
RO, B a5EEENTHERE—IC a-uvty 43 L ARl
5, FI300BX-36 ¢k /'~ WHEE#F 250mm » R L, ME
D f-b BRIE & ) AN TEATERDE—% a—vty 2 AEEC L T
w5, B 11. ¢ FT 300 BX-36 A% K5,
2.2.2 % ¥
% 2. i FT 300 BX-36 >R F=hyseks, ik () %757
RICTEBE BB L ABFE 2w Tl 5,
(1) 5B A~ B : 12. 1z FT 300 BX-36 & [f@— Sio1n £,
F—EH $ > FT 300 AM-36 i 34 2387 A BEZH# L b
DTHD, CORERERC XA, FT300BX-36 0@ +- BE
23 FT 300 AX-36 OBS I TKIBIIELS & - T3,
—h 21wFod {8%k%, FT800BX-36 & fEfEDERE 21 wTFudty

391



R L1, @ Ay B 4122 FT 300 BX-36 (1800 V,
2,000 A (R 85 : 50 us), 30us, 1kHz) D4

% 2. FT 300 BX~36 ox@eishiit—E (%)

il 2] BB ) BINED ) B F #
1.E-Z7 Y ELUME | VRrar 1,800 | V —
E
2. - JER DR L | VRsy 1,900 | 'V —
TE
3. ¥~ YIRLA 7 | Vorar 1,800 | V —_—
HE
4, E—2FERYELA | Vbsar 1,900 | V —
7RE
5. -7 VB Irar 2,000 A 9—]‘ §5kHz, to=501s,
6. gV v Irsar 4,000 | A |f=60Hz, 194 7A@ ERL
7.BRr vEALRR | dilde 500" | A/ps | Vp=900V, Irar==1,000A,
Sf=60Hz

Ie=1.5A, dic/dt= IOA/I.Ls

8. &L Vrare 3.5 1 V Ira=9%40A, Ty=125°

9. F 7K Iprar 50 | mA | Vp=1,800V, T3=125°C

10. (iR 7 BE LAS | AN/t 300 | V/es| Vb=900V, Ty=125°C

W, &= vt 7B tq 30 | ps |Irar=1,000A, Vo=900V,
T3=125°C

12—+ b YIBE | Vor 3.0 V | Vb=6V, Ty=25C

13. b b I TR | Tor 200 { mA | Vp=6V, Ty=25°C

14, guRiE Rencs -1y 0.09 °C/W | #E& - 74 v

15, EE RN — 1,100 | kg | HESRH 900kg

16, &N T =40 14 °C —

Y22 FT 300 AX~24 (FHE 1,200 V, BHAE 300 A, a—ui7
30ms) 10w THI LAKERE 13, Ic7RT, COMRRALFT
300 BX-36 {3 FT 300 AX~24 ic k=T, EAREWIC S b b7,
Aty BN E S ERE AL BERETFLE LR Trb T L

HKbhbd,

(2) EEk Ava@ERE . FT300BX-36 CLowTZ DA 2
v BEEE E—oty BHROBREZRLAZ D ORE 14. TH 5, AN
CHHNB Tk L, fe=l2kilz 0k & Ty<75°C ¢ Irar=2,000 A
(tw=50ps) ZWET 2 LHNTE B, TDC &% 1,000~1,500 A
BEOAHEAIHN TR EEDE J1Uaa ZEMEED T &M

TEBTLEFEKL TS,

(3) a—uA> Wil : TFT300BX-36 iLDWnT 2~ KiHOEE
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=600A
Tj=125°C

1R WO F Kk Po (V-A)

F Wik, 1 N
Vp i FT7BE, T/ #RBE

=900V (r-,-(trans.) CEEFBE

12, FT300BX-36 & FT 300 AM-36

BB E T(°C)

7

B 4o EED R
FT300AX-24
FT300BX-36
Vb
tw

V=600V

B iw=50us
500 760 10l00 2000 3000 5000

E—uA BRIty (A)

13. FT300BX-36 & FT 300 AX-24
Aty REO %

B A

V) = 600V fe=1.2kHz

tw=50us

1 H
500 1000 1500
E—A B Ity (A)
14. FT 300 BX-36 OFFA o1v EICHT 2
E—~o4v BT
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50|
X
40t
B X
ES X
30+ / X
£ X X P
N HHGE S
® 20t /x/ T =2000A
{l)\ ) X lw=50us
=1~ dx/dr=150V/us
0 z2 X ¥, =600V
Ve =300V
0 i i H !. 1) i 13
0 20 40 50 80 100 120 140

#EEE T/ (CC)

15. FT 300BX-36 & a—i> W ORE AT :

EIFHEORERE R 15. 17T, < OFFREEGHICHIL T Auz
2047 OFEGTUNE LA D DTH D, Avasg—uiz Th EIA]
2D KRR vz THITE L7 a-uido R (29 & £,=30 ps -
SR LTw5,

3. Ix A

TR 500 BY-28 & FT 300 BX-36 {3 HFPWM (- f—a I HH T %
TeHEME LTS NA Yruas THH, FRCHTIEREBOR
W Ao A-2 I L 2e iR A L T 5,

HFPWM (o s & L CREFCH SRS ST clR S
TCi#zi# (Transfer Current Commutation) H3 A @R L % 14~
aWBEEHEN TS, FOHAMMPEEE 16, 1CFRT, < ORFED
BIESIIIC D CIREE T 538, © oE%Kic FR500BY-28 » FT
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