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COVER :

ITV for spot vigilance at the Osaka International Airport

ITV has been expanding its scope of utilization year after year through the latest improvement of television
application.

In the Osaka International Airport newly remodelled and reconstructed in 1969 a good many sets of [TV are now
in operation. As one example of the installations there is ITV equipment for the vigilance of the terminal spots. By means
of 4 sets of the all weather cameras set up on the roof of the building, they are not only used for watching the spots
of the whole area of the international lines and the local lines day and night, but also serve for making possible the
central control by one man with: the provision of information for the time of taking off and landing of planes, a
concentrated board pf 20 telephone circuits and tape recording arrangemments. Also it is made possible to understand
the schedule of using the spots by various aviation companies at a glance on a spot control board installed in front of
a control desk.
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Is Tin
ré §
7}77 b
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® 3.1 JmaE N R
Feedback amplifier.
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® 4. 1 (b) nxs ik
(b) Camera back view.

B 4.1 (a) has OWNERES

(a) Interior structure of camera.
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4.1 # &
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T A BB AT RE A EEIC 2 > T B,
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(1) #H R
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fopbeRE 60 fuEb (50 ¥ /Fp)
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SRR 525 7 (625 72)
AR H K S5, HBEIMIC L D Toau-2 B
TEGIEN TEEFEWE 7o YL ERE

(2) HRBHLE

e Doy, 7262A

BURHTEIE  50~6 MHz

g5 L4VP-P (E&)/75 0

BB 100/115 V+10 % 50/60 Hz {9 85VA
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(3) xEoaAE
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(a) —15C ) (b

(d) +60°C (e)

(a) b5lx (b)

(d) 50001x (e)

Uiz, HEBRIBEE 250 Ix % {f o A, SIREBITBHGEEOREETLD
DELFCIET T, - aubsah 2 LA, COMBRAMWE
LB MRER TR L b D E g 3,

5.2 MRERER

BRI & 5~20,000 1x & 74,000 {525t & ¥ 7 850 EREE

A%M5. 2 (a)~(e) KiRd, MBI 2,000 1x BT BBk,
20001x Bl EZ KB E v, BMECHME, F=140 1ot %
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RAFEZHRETL 2o ZREOME - ovbsat BEMBES OREER
SOHBEACIE L T L &,

CORRIENE L BRERYE, EEBEL-TOMRLCWE,

6. & ¢ U

COZ~3EITV BHRKNCBEBELET T MELTE 2, B

IT-11 B ITV has - KALR - i

—10°C (c) +20°C

5.1 #fgc sy s ITV Eig
1TV picture at various temperatures.

+65°C

10 Ix (c¢) 500Ix

5.2 T ITV EHig
ITV picture at various illuminations
of test pattern.

20000 Ix

et fsh IT-TS, T BREBE LML WL EETHEART
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b phb b, ST —L L e Hif& IT-11 8 has 2B
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BOREHED S 2 KX LICHT L R EEL B ALK T L X 5,
AT COBETIERGT &AM 7@@@& % o 7 IT-11 D kfE
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T F XM

(1) SBF, KAR: ZZEEESHE, 44, 581 (F 45)
(2) R.E. Johnson : Vidicon Performances in Extreme Ther-
mal Environments, RCA Elect. Components and Devices,

Lancaster Pa.
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(e) f¥inesse
T - EHREE IR A b BHEBEO LT - 262 U A
& Lo
IBS Bgk-oeeeereeres Hlggezpyic IBS(Image Brightness Stabilizer)
A AL, BERERCS U 2REA XBEY
Jubo-u L, EHERVEE BEILL 7.
() ve-tovbo-u & IEFEIL
HAS TR O TER TR R L TE 3R Lickd, B
ERVe R0 XBEEOEMN « 73, 55 v RS IFR CEFC
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Egav R U®, REEOMI (of-dox BIFFICEL, 110
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HEIC RNE L 22 5380 SIN 1, S AR O FIBRHiC £ o TiR->T

LEW, ZThEvhicH#iXT 2008 E R 5, B(E’u‘l A=l
[l & 3MREEZEED haa—F MR EE, AJRRE0H - TR
X CHETZORRLIRVE SNTWEAR, lbaﬂpi)rfé?g@ b5
22 ftic & b A, CThEBRFRM t5og22(FET) CRiT 5 X
Sk ot

AgEmE, o FET & RENCIEHES 15u02s 2B EbERT
Ao b0, @4 1ic, TOEANMBER S LICTOYRERRT .

(2) FET{EMH LoMER

FET vk, EFUC Xk ViEREL FIMET 2 5T boozzr B AR Y,
R—7 BCHYMT 3 ANERNREC, ANBIBIERCHTHAT
Ti, COC R, BEED LS AEEBEEHO E5REICHEL
<®Y, Lird, t505238 O -2 BRICEHET 2 vaw b HiEd &
S hdotichb,

FET ic ST e MOS 45 5 73, MyREE# ik, % v
R 2N E CHLY B OB AE SR b LT v b, FET D
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SRR R (4. 1) TiREN B, X HICERAA 70 %O
SIN 133t (4.2) Th% t‘o‘ha ©

R"_E]; (Q) creerereranin s (4.1)

T oic Ry=4G{iHkEEht
gm=FET O{HE 1u49202 (G)

I, 0684 - 100
T WVER,-

S/ N— ................................. (4.2)
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4.1 BEHRE

Pre-amplifier circuits,

% 4 1 HiEREEEOHERE

Specification of the pre-amplifier.

W g # & B & i

SIN 46dB BlE
A B E ¥ 03pAP-P
% m  #  45MHz
2—5 o bE®R 22pF
3dB DOWN 8MHz
6 MHz %< --0.54-1.0dB LA
0.89 VP-P/0.3 A
BKWS 2.7 VP-P

cow L={E%ER (c o T 03pApr)
L= R I E
Ry, = S{igi s ()
C=£ATERE (©F)
phig iR 4.5 MHz
MmO 290°K

# (4. 1) IR LA FET © R, iE, AU g O EERFFOEEE O

1/4 ©, PEAICETOEERLY CS/INE 6dBIELBEINS L

#%, FET @ SN i Futv Bt I X o Thk hRELHE
132 7w, Ip 0%EE FET Ol R b EETERATD 5,
2B K E 5T on 2FY RaRZLT2C2ICXBHDT,
7 b o2 (THEE FET 2 @3 3484, F~tA1rz BEER 0V 5
—05V iR LT In 252 0L, g 2RELEE LS T3
DR CH 5,

Fir, g B AELTHw FET % 2 ANFlcEHT 2 550D
B, & NICEoTANERD KT » SIN GFHIC fEREE T,
1 dB B OMEATIAETH b,

st FET @33t (4.2) © /R, - C 2/hEWHICT 2 L e 2ERE
C AR, EF, In#AKE L FET AJFRED/NE b ORI
2 THB, Xbic, Ipicksd SINOHEEWERL & o THECK
b, BREGZRETETH D,

FTORROBEMD X2 C e anb, e Lnnric BT 22
BEKLIEE E LTH T DD, 2 ok BOTIERLITEE 2O
SEE, AJEEE UCHEESINCHET5ER, TUuh RO
WSS b D L F R E DT OBELATRERDL &
4.2 13 ¢5avhas OFEERT 0T, FHIO v-uir-2 QW

CHIBRIESE % & X B, EEmcy 2B LRFNCE > T
Do

4.2 tyavhis DWE
% Internal aspect of the vidicon
camera.
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- 4.2 FR—F o HWTE
3 (1) X@BEHRe 7/4-5+ BIE
TLE 7-Fv WIER, BBEEOET t—6 O 2ot BHEOKE
ERFOLLEPLETBHPEOET 2O C L REWTH B,
L7 >C, ZOHERESEREE 6 ~7MHz gy % dl e
LTz, LALXEFLtTay T, XEHETHEASIES CREES
THBHETHPDL, 7/A-F+ BIEZWEWNIREEL DO Lafy
2 FHEDEFEO—#E LCRALTE D, BB OE iR
MEDHRE B oTWE, TROHMTH BIHRER LTFBL 0w
LD, BERZRLTIT220IHBAND L -TR 3B,
F4.30, < UGB BHEE 7/A-F» FIELZ & ZOWHETH Y,
@, Hive 32 BB LT R £ X 5 LT
T 2TET, @), Bl Y CEET 2 ETH 5, OO
BERHEIC, LadZciis A, MR X - TIRIERICR

HD55, PRRERHEDZILIC & b 7 5 RUAHO FH DM A, Bl

RO b OCREMB B 2B, MHRIEICE T h MR e A&
; ﬂ
— —
O HAWRE £ 5
_J—l_
-1 —

@ BREEH S
M43 7 8-5+HIE & ®®E
Square wave response through the aperture compensation
circuits,

ti
=

VIDEO SIGNAL

IN .
NVERTER -] DPELAY
< INVERTE Sa
gIDEO SIGNAL
uT
ADDING o
MIXER
- DELAY
(ZA ¢
X 4.4 7i-3+ HIEBRRER
Block diagram of aperture compensation.
100
%
B 50
&
. , . ; :
100 200 300 400 500
5 TV LINE

X 4.5 7A-3» WIEK X3 Lafur Bigoiks
Response of the aperture compensation.

XT-800 YA X 8 7LD v« K - ¥ - bk
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LAhL, @05 HEMTH 5 e DELMCDTITAR S BarD 5,
BEBRBCRAUBEORE OOHRZFHL 2., c0fh, 74-F+
HECROE@MELAHELD B, BRL LTHOQOHAX
455,

DX 3575 7A-3+ FIER, FUE BEROAT - BEFMFICHT O
PEEREE D KEvwbITh iR, BEHMO 7A-F+ FMIERLEE
BAKBHD LR D720, —RRICTITERT BBEHE A,

(2) 7A-7+ HHIEEIH

FEBCH I 7/5-F+ MERBOFZH 2R 4. 4IRS, 7A-F
+ FERME R HLCw3 0T, {ilfl%so Sotarul MK
it 7o

4.5 10%, Jotarud IHICO 7A-F+ BEC X 5 Laguz Rtk
DI R FT D DOC, 150~300 A TR T2 b Xh, XEHH
B R AR ERER b WA, 4, 7A-F+ WIEC XS J1ALL
DORINE, THEER AT 6dB TH - A%, BRIBHIBEEED S/N O
B LB 1A02 OVEATEEO S LE DR L, SEEFKNE
ok

4.3 tothoEENERR

AR, ol Hov WIEME - Fo7 00 FRIEEE - 5220
g LIl « WA, ¥ 2R ORI I X o TA
{32 b vk 5 AMLE$ A E235 5,

5 fEFRtEoRL

B0 W L2 XA 5 T 21k, BEEE L24CH 328, EHH
Bl LTRICEET <& C, RO L35 THDB, C
T, FTL SR 2| Lo HFc oW BT 3,

5.1 %4 - RURERRKOEEFE

—fRICBIRD 34 - R FIRMEE, M A & oS E Ay
TIih 5 Opfilie ThTtws, Zhik, WRESEPEEL LT
iz 220 F%fL, DG-DPoK{tE /2L T L, ¥4k
F2an OEFEMEHE A RO PR3 L A & O BN
Yay0ThHh3,

5. 1 @ASEEICERT L 2 R E 20 - A RIBEK O R
T, DR Isvtud B ET TS, AR CEE:D
ZLWHERZIRETE 22 i, /MBLE BEMOM LickE R
IRPED > 7o

5.2 BEEREEROEEFE

FUENAS % HilfRR 2 O il USRS 2 B0 b o Tl RIEE

POST VIDEO NEGA VIDEO

AMP (POSI — AMP (NEGA

PEDESTAL) PEDESTAL)
TRANSISTOR

SWITCHER

POSI o VIDEO OUT
}; L] BLK MIX o

B 5.1 24 fiy KesBIERHER

Block diagram of video polarity switcher.
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HE- 2 DIATHY, BEERE Avpis— CX2h, HHEN
LEEHLTHF RS WhiEEIC 2L 23D TH 5T,
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B s,
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2.1 PERABCBLEAL Y RAORA

S A2 HITERS R B Lo &l Az HliZES (LT A2 8F
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2.2.1 SysrS4Fp
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RO L BPASEC L Y EA b, TD5 L, WEKRS
R & TR ETREIREETIC X » TRAZ 3, L s THRITTED]

2.1 TV @EHE

Carvision TV picture.
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ok LTI IEIC b B has BRI LE e, AT
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Carvision TV picture at night.
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CEBDHY, BRI K-> T has MAEE L L, FHHAO fi-F %
P00 % C & b RETHS 5,

Wic CV-902 DI IC B L EMAMIC BT 5

Thbb ha5 & AvA- EEEEBEER Bt LD bh
T AIRCRREE L7 » & R L2 /AR (805 18 m, fAuf-, J52
A 1m B E) @b, chboME R 2. 3 kiRT, &
ELUFERIC Avf- DAYV RAALRE YD, HEWEZEAHE -2 3 ©

b ) N

B 2.3 Axs HAER

Camera installing dimensions.
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gl 41 412 41 410 Q0 L 4 6, L5 L3
R 2+ 0 4B W G B 4B S
BT : 4500 055 475 445 .33, L 16, 11 6
© o (00 75 (55 40 %0 18, 1% 6
_1-@: 490,175 85 (55 .38 18, 11 6
(W 24 488 438 20 2 T 0 .5
b 43 418 2o o0, 48 4
12 2 4 5 5 7 8 9 10 i5m

M 4.7 Auosqt ORESR (M EE1m o lx)
Distribution of back-lite illuminance.

—
R
]
Liv-i=
Bl -7 T
hio b
. Ny 7 XYSW T2y Ty
A

4.8 PR

Construction and cable connection.

VeBhiR I +15°C <= ON, +4-30°C © OFF
HEE +24V 10W

<ok EC jis2 128 pmm X3 mm
F—eA%0 ()20 ()73 > (Bf7) 150 mm
4.7 ESHRAMGTESR (B)
—~30~—40°C It ¥ CET S MHD t—21-ur THY, L
7t EC Aisa, ¥—£A% lCBIML THERT 2,
filf - VegRlgy  HEC (A) EREIU

HEE +24V 50W
AR —~40~+50°C
W= (E)10x (#)50 x (B1£7)100 mm

5. HHAABHEERC TTabhAXKER

ouoy {LHEMED 7o 3 h-ETsu DHEHFREGA, Hi Az HZETX
NENOpESt R LI T b, )

M SEFAS a-h— & LT, SR EKT 2 Hwe, ITVD
PR R BT % e OFRBC SN 72,

2075y DORES. L IKRT,

CHHLAMTORBOMNE - FEHRICDONT, T TILH A2 HED
SR L ) B ENT VB DT, A CRBIEE 23T 5
Ice 8 b,

ATBERC R B AR T, h-CTau OHE - EFEMF
FEFBhD, FETVIRI Y oveu b FET2HIT 200 BHO

% 5.1 ZHCHfEE Ak A-tDsy OFFMRER

Test using Carvision at various places.

1 wo | wwadn |8 0| ou W meER
E AR AR | FMEEEE | B M 4| 4510 7 | KRR
GO BN AR A | S| Al | W46 4 027 | EaREETS
B - B HEAL | B Sk | B A i | W46 5 - 30 | 58 E L
M A RERE RS | WEEHE | B M A | BE. 6 024 | BB
BB S ABEWERS | BB K B | B 7 | EEBRER
mEAxENERE BETESE S B | @6 810 BBEAR
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Az e TV 28 L, o0 AREEaEE? L, tOoRMY: - Ta
BT L TASIRERCE AT B AR & A ETH 5o '

51 AXFBROAE

5.1. 1 KRIBRFETHER

oo (LA TFERROEETRGZE - Wbz > TTA W,
FET  BRBICZOEMEAR ED ruT-t L b€ TR 5o

5.1.2 #—EYa > OkEERER

BB SRS DK T h-UY sy DR TTA 5,

(1) TV ick 2 LEGGITHEE, PR e e OZORHER

(2) TV icX 3RO HER

(3) #Rcesds TV HEHMAORE (xots, BBk

DYHIERD)

(4)  Roos1h O HHIE

(5)  HEa B I5IRE O pu LR

5.1.3 H—-EYa ok 3 BEGREER ER

B @ T O 5T h-CYay ORBIC LD, G- s
EBEEPAOE - BONRE <, BIETFOBlILb kv 5.

(1) FEEHTEE & (FHIENE

(2) E#oi-z2kX5HBEHE

(3) Sgp-7 oA

(4) R AR

(5)  FUfEsRTR ¢ R

(6)  HIREAIUYS P25 SR

(7) TV pHEOFBLIC X 5 R

5. 1. 4 REBTFEINIEFHRRAHR

(1) BRE - Cidvric ks R

(2) WBPROEZEEHMm

(3) FIE f52 BEEO T XN G,  BER-cORER

(4) Ac3meEd s RERIL

(5) TV ick3HEOMRIRIL

(8) b HIAD QMR

FEMAA OB LT a) TV ORic k 2i8fE, b) TV L A
35— L BHHE ¢) TV & fuozs—, B X UHES, BT
LCHHERT 2, ©ZH 0OV TEEEIETIC X 2 FROMHR,
a) CHESET I MDD, b) THELALHER c) T
BREE LRI TR D,

LUFH S DA+ O BRI & Bl R ISR EIE T %o

6. A—ETaERENHR

FIEECR A A HECOIERIC X ), h-tDay 2TREENR
e o TANATRTSD L EHINE C L BB 2, KT
45426 F 10 H T8 Ax BFEEMD h-tTsy AFERIC & »
<, ABIT2MFES b h-tDay OMIRREICH T 25582 E
B K 7= O TRAT 5,

6. 1 EEEIEST

#IC R L 2 2 PTEIC X D ISR RO PR R KU, 1€
Sou B ZIBE, MERARRED o CHRGTEERS v
5 K& REWEME L o T b C L Bhih 2T,

RIC E=25023F1hAS D 2406 BHHC & B IRO B U R
6.1(a), (byokswcny, TVHFOAFMEC L Y RO TERHE
BRECARL A>TRB L L Rbh b, A CHEHECLDIE
Fer B ChSBOMIRER TS Y, oM EICR ENARIER,
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L
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= | LI
N \
5}\‘4 5
[ 4
£
a5
75,\ 4 H 77'26\
7 % "4 b 5
[ 5 [
428
- = 23
W
(a) #—E2 arinvigd
To |, Eiz— | E=%— | BH315— .,
From~? U2 B 00 o) | (rapy [SEERW)
3
L
2
B
y:3
L
M I S
>~ 1
£ ¥ 23
= 21
M B3]
12 B
= Exy
5 —=1]] H
R —
“M — —
- 22
20
W
(b) H—E2a>idbHEa
® 6.1 [ROBHH
Analysis of eye movement.
6.1 {EEROMT
Analysis of operation volume.
1~ ¥ ¥ 3 vIRfHT J1m € ¥ a vEf#H
7 o4 o A o3 o= 354 355
5LA5%2BnTns B 28X 5-4-10==14 X 5] Qe
y EIZ—-%kATwd LM 39 5+10==20 15X 5-+10=8
v Enp~%HTwE M —X 5+ 10=— 183X 5+ 10=91
P HIJ—-%ATw3 RM 190X 5-+10=295 116X 5-+-10=260
BEICETW3 ow 31X 5-+10=216 X 5ot ] Qe
4
& At 145 159
3RMR B 18X 3==54 X
3 1RMR LM 20 1=220 8 1=8
E' 1RMR M X Jme— 91x 1=9]
fi‘ﬁ 1 RMR RM 95X 1=95 60X 1=60
2RMR ow 16X2=232 e X Dt
B
" i 201 159
B LM<—M. M—RM — 11
» | LM¢SRM 6 2
il B-OW z@58& 7 —
& & B 13 13
g | LM¢OM M«oRM —X%1.0=— 11%1.0=11
% | LM¢—RM 6%2.0=12 2%2.0=4
;’E B OW %5 & 7%10.0=70 —% 10,0=—
& 5 il 82 15
e yestanE
(=3 v 7 BUxVeSEa)
EJ 283 174
; +EgERR
&= (=BRIE x 8L

CV-902 % h-tray « KA HE

INENOWENZ R T2 21629 BEdH bblL, ZoMEiR

DEL) 27 HED LD L T35,

6.2 {ERBOREN

ARIDIR O AP b2 DREI0 TMU--+---0.86 sec) % FLHEIC o
o2 R Voo BUCEF L, EAREWEETNE RO Truf- B
(RMR) #EU b 00, sEyio 5 OBDEEEE & b
RU 7 b DOBME AL T navt- BB T, n-tysy DHEC
%3 3 IR OV R 5 R 6. 1 OFEEWED /3
ROMI#AEbNE,

APTCIR1Yy0E10TMU & L, 3116107 35 TMU (0.18
sec) &F %,

T DT I SER OEIER O Ao KL BRVESE, JIWEEREL D AfLT
v, COEREKEREFEOMCOVTwLAE, 1-Eav kX
D VEEE A 30~40% A LT b, ERMICIFER LS A WEE
FORLERZMELD EEFHIRBCEDL, RLERCKELFS
FTrzEBbhd,

7. ¢ U

A2, Avon-) %, KIBEBOGITHENE £ OMEHG K L b it
S, E o OIEMTD D LAMICHREREI—MMHc A X bX 3
REHEVECARED o,

ZD 5L A2 RPEHFLEOIE D bEBRHCILEOBE 2 |55
F7e0thd5, CCHERDATFRRCL ZEERE - HHER
AR BEEIC & o TRERFEERTH 2 oo

DRV, ChbAEHEMORAME:, Az HEEREEUEHO—
gre LCITV 2Hv, ko isimz ks 5F& ICV-902 %
h-E¥sv] ZEAFEL 7o

ZOMAERER D THE~%E OBRL &, HTOREE LT
&b E7e Ax &b ORfEAREAT I X Y, KEE - TBREY: -
HAKEE B IBIEERDRICEL TV B,

LEVATVIREREDT THEAL, 2O—FRKEAIDL
L CHRILAEEZ TR FEETH 3 39 BiCiET 570, FH
ENC R OITERERE AV & TH B, CDDEHDOR S &
DEKREY DHBIBDOEFL A ek, BELTEEED o ik
DEEMEREMR DB DT vk KO EEEL TW B,

LAl TV kB e CHEBEYOARE ThbbEefERoTF
BeLTHw BbLVBSBEdnhc 2 FAlE T L e,
BEFOTLEIIFEOD L -ty 2HERATIALE, A
LEMA LcER R eEL LD,

BAE -ty 2HEBMICEAL X 5 L BEHO Az &t T,
BRIER, RACOFHEERTOZD ovov b &S, HE - 55
BE - REEZEL TV RO ovvu (b2E—EEIC L, ki
AR ICHEERER TV %01 o b O DWEHEHRIBETT, 2vee L% H
HELTw3E5TH5,

LSHCO h-E9a0 B E LA ZDIEMY: - ZEUENERD b,
TVIC X 54 LOBBHT & & b ICAgic Az 25, XBHERE
EERSERICRY Ahbh, AROEHIHL - WEZECERT 5L
T %,

BhOIK h-tY=y ORCH 7 h B ARSE L ERE L T w
e \nie, MIEEBIE () - MAESGR) - HEREEDIE () OBIR
Bohiit, LBEHREETOBRCBIGRT S Wb il
CHEEERT 2,
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3.1 AROHE

BHFRO X 5 2 HEEEZ S > T3,

(1) 04mm, 05mm, 0.65mm, 0.9 mm DOHjpgk, PEF, CC
P, CPEV 551 DnFhic k- CTHERT 20 L8 TE, $94M
Hz o £57% B5%EHT 5 L R TE 3,

(2) 600m~2,000 m BFIC FRREAIERR 2 B0 L, #9F8km %

TIEET B L HTE B,

(3) BEK X3 r-Jn OFSOELEHET 220, 45M
~5MHz i AMowt BFLHEEE 3 AL, AEFIEIERTTA T
o,

(4) Wl OERIT, REACHBE ST LR VESR
ZEM IV RERIC X YV ERBERZTR 5.

(5) rhfkiEst oREER, B 1 bk v RS & B
LT EHBTEB,

(6) hxas HEEE LTOMIER, A-tlud ¥ biC has B8R A
EOEREGIEE, ST TR 33, FSEE Auz HRE AR
JABBGERERC X Y SIS 1 v CiTA 5.

(7) &, EEEEzoEET 5L 1 182 HwTEET 5,

3.2 ERTREEHMHES

INAEFHGR 71— H W CH4AMHz © v 21555 258
AHHOFHIR & % 2HEEIEE LT, I OIS, 4t
HEEMEE, ALz HMEER YD 5,

3.2.1 5 55

Fl— 731 WICHEED E5toz56 2INET 5854, MaSick b
W 2276 $F X UCRBEARFE S0 5, B X 2 5B, &

HRRENIC & Y W~ F R ERE o5 o B, EEMGIRSSIC X b oy rE
WFERE vxss BB D, LadF— 573 PIICH, Esh {2

TOLT b PR - BRI - orovz) ERSAMHINS
DT ESA IR, B, THE - orovzy MERISBEE R 5, W
UG (X HBEICH LT Aos—F S b #16dB, IEHmREta 4
dB D EIFEE b > T B, BB, MBI XYV HATE D 227
o FPURFRIREE R TR0k 245 WH 30 dB LR 5 3RS
D, BHC T OFTHIRESRER ARSI & 3,
AéX[._.SO_.lO log(ﬂH— 1)71 ..................... (3 1)

Tz A RHHEEFIE (dB), Xy ik r—J ORIRER 3 5
(dB), m Wwills, » 13 v254 BTH 2, vazs BRERERS
% 30dB & Lc b &, hiltfiE AB) B X% MR 508
BB D EREMEOIMAL r—Ju Tk, F— 53 NCTEHFRE
REERTAEET B ), RAAEERTL S HBEE 170k Le~
WEFR o r-OL BV S5, BBWEIEFRICT 3 KRS
5o

3.2.2 HEBEms

PR IR S A X U o s & 1 2 IS E RS,
Bt r-J TH B OCRIEIC AR b A\, L LI OB pizare
RRICRHICRIIC 2 50 EIIMARS IC 33 2 BRI, SN HTig 45
dB e, FFABRIZHY 40 dB #EFTH B,

Nyz= —K—0.9-+P—A—2010g v reererererns (3. 2)

T Cic No BGRB8y (dBm), K ix SN It (dB), P
YIvoryz i (dB), A epfiksafiig (dB), m I'ﬁ&%ﬁ%ﬁf@ b
EFA BZ LW i3 07Vep L LTR3E, K=40dB, A (1.5MHz
I T)=10dB, m=10, P=0 +43% & Ny=~709dBm & % 3,
B2 r—Jn TREIE 7ost IOE BRBE RGBSR,  hHEREE

TV (R - RALE - 1L - =0t

ZECLTHHRFIEZ R T 58, 30 FUTur72 275
%5 EORERIT LEED 3,

3. 2.3 sLRMME

STLALZ 7% 8 DBEERA ALz SR IE, 237 WICIEE K E
CEEEHBC b 5 TEY, OB RIS ELE R rhitRE
REREAT D L, T Az MHEEAKECR 3, COBE, Wik
PR W LT EFHLAL 3% 0 THARWX 5 ic LT o SN
REBRET IS5 LAdREE LA

3.2.4 5~JADRERLICLZHE

Tﬁ({ﬁ r—Jw @ 500 kHz B Lo Rigsk olEZs ik dB e

029%,CTH3, H'F 13 DEELEILE £10°C < b &

AbIB A, GBI OBERE~KTHRE —20~60°C 0 +40
°C OWEZIERE R b, FHERRTNEE Y40 dB & ¥ 2 & BEEy
BT OIBILEWAF +3dB &4 b, rilkRER % AGC fH& &
TL0ERD B,

3.3 EEHE

3.3. 1 RFAHREESEESE

A v25s ORELE LTH, HBEEE - hRawEss - SE8E» 5

Y, FAERICK B r—Ju oA Luass M4 D, EF4LE,
T, REL~2%, BEHE1IY, HEARSLI Y05 5~6%
TH B mEFPHEATREACERGREEY 2 BARRERET
BTH B, 1Yvy OF D 2l & FerhiiiEgi 2 = 3. 1,  FEER
HRHEAE 3. 1 iczh T hiRd,

3. 3.2 EEEE

Fowod t M 3. 2 (a) IR T, FLEHAS 25 1OV pp D £F
FBEER, r-IL OEEL tic X 51 Ibk R 52 wic BM
Hz @ Aqowb B5% %5 AL, B0 HLUMESC L DO Ly
FCHIEL, ESAtsuz ek ) 76 Q FEGD & 110 Q SEHfIc 258
L TR~ & 260

3.3.3 2isEm

Jo0wrd 1t % 3. 3 AT, AL ESH E5 2 ME W
L, E5db5uz 10 LD 110 Q 3EfEH b 75 Q RPEFHCZE L, #ids
FALFRC X ) SRR X ) ZEMEE TOBK 28y DR
BO-FHREFLLT, X o ICHEBMBRIC X Y FTE LA & CHIR
L, IROTIZEEALRRIC X 0 EED 5-J) B & FErehikeag: & 03,
IV LERERHIET 5, Tbic 73 OIREZEBIC X 2 B
B b - RIBLOEG R BEAERC XY, 5MHz ©
AMow bt BERBRHLT, 3.2(b) DX 5 &iet%E b HEF
BIEERfTE S,

g 3.1 5284 2 e

Characteristics of the system and nominal repeater spacing.
(a) IExéi (b) e rhlkRE

W % # 3| 20Hz~4 MHz PN gfgg‘;

EEZM@Erv~<a | 1Vep 530z 3Ve-rp
B2 S5 smmso gmm 00
% IMHz LT +1dB bips

0.4mm THHEH 600
0.5mm THARAR 850

B R I~4MHz =+3dB ppy | | 0-65mm HMEHE| 800
% @ | 200 mpL 0.9mm #iANEAL | 1,000

0.65 14 PEF 1,500
0.9 ifi5% PEF 2,000

F v ALY

(Se-»/Nrms) 50dB P L
RFY- i1

(Se-p/Np-p) 50dB LI E
oS RYERER

(Se N er.p) 25dB LI L

M FH
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# % & (dB)

100 T
o 1E 0‘15 i?ﬁﬂ!‘a l A,
60 2. O:ﬁ?:::‘m‘rﬁ?%‘g /2-—-
27 0.%mm 9L A3
40 4. 0.9mmiEH R 2N
b S 2%
" < 0.Ymm M7 zE // / 6
L1
// LA v
L
10
8
6 ] 2
o L~
4 ] //
Iy
/;7j/
2 /l/
=
110 2 4 6 B100 2 4 6 81,000 2 3 4 5,000

B R ¥ (kHz)
31 BEFEROBERENG

Attenuation frequency characteristics of telephone cables.

AMP 751 110Q LINE OUT

BEF

hATLED
ETANHS
Wp—p
75Q

(Wp-p~3Vp-p
750 48=C)

4
s | {)/\ 448
+2 e
"
—-—-///
0
N
e —
.._2 \\\
\\
-4 —4ap

10,20 40 100200 400 1yq2 3 by
K v M M

& o 0 (B
() AGCHH &
3.2 2EEBEIJowsd4t & AGC  #

Block diagram of ITV-transmitting terminal equipment
and characteristics of A.G.C.

REERETE 5 AXNA Aot ETTERSERRIC X VBB
%, P34 BERERD o5u7 MBC X D EERTHRAE L BB
WO T%, B XCERESUHESENELT1IV e O EFF B
HRLTREE~LEIVHL TS,

3. 3. 4 iR

Sowod t #E 3. 4 ICFT. —ORIOPHEEE L D ERERICR D B
TNt B34 BER, 7L22 BEL EFAr5uz ) X ) 110 QFEfER
b 75 Q REMICEHRL, KOBRE(LERC X VEREO T4 L EL
L, ES8AiEesic X b BB L T X b HIESEE, B X IR
HMEERIC X ) 7-I1L OBZKEOREOHE, F LU 5-Ju Ol
EEEENC X 2 RS BE T 5. RICEVHLHER c L 1
Ver®2niEk3Ver ¥THELT, t5ttsun, 7L22 ZELE
B~ 2V Y, 72— 5MHz © fqawt B5E, Pikiom
EERICHC LI, HE LA O ECETT 5 & Bl L
FEX5hoTED, MBMCEERLEPHEERET S T LR
T& D,

4 FM B

£s FM 28 AR ERR & LT Rc Al r-Ju 2w, £5
T EE . HEES EEEER X UXOMOESE ARESELE
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LINE IN

10 A I "
BIEHMR RS

M33 SEEHEIowsdT
Block diagram of ITV-receiving terminal equipment.

110Q :75Q sl CIZEEALEE AMP 750:110Q

— B {o—{F—iF]

LINE IN E7F4bRA  eessemes

Yman

JINE
ouT

EFg S

EREES SERCRUIEDES

5.4 R KRR Sowo ATt
Block diagram of ITV-repeater equipment.
WF B e hEMEE LT3, LTFic FMEREHROMES X UE
HREE A DWW Tkt 5,

4.1 FHKXOBE

HHRRRO L S aFRE D > T D,

(1) t34 EE50EH, L OESRRE-J1 1 RTHEKRR
TE D,

(2) EROLEHAHFRTATEM 2HALTEY, R4
LR 25T, SRS B O E R T Ic RED B FEEA TR
% 5%,

(3) fEddkER s RopEtE & L, Bk r-Jyick b+
#% km ¥ CHPHERETE, ZOLDRTREELTH 5,

(4) NREBROSREREE, 5 ZToil~3 FS-ER fua Kl
ZEHL TR,

4.2 HHRIER

FM 25 530C X 3 U354 ESREOHIMEERL LT, &A
B, (EREEHE, S/N 3 X U% CH, WHRBEAHT LN,

4.2.1 HEHEE

EE% M LeBa, *ORMEEERIc L, —ZFE -
I DIRFEFLEREER EKE W HERT 2 BRED 5o

AHRE BT, Ot ZTHEEE fn=45MHz, pp BEER
% AFpp=2MHz, FM #ZO TR % 1.5 MHz (F4b %, 1.5MHz
HT-clinEB%ERT 3) LELTHY, TOHEHREB R
h-vo DRXY,

B=dFp.p+2fpn=2+45x2=11 MHz «-+-erecrrerees 4.1
LA B, LT, WA fo ik 7T MHz © FM 3% 1.5 M~12.5
MHz (C3 T 5o (EREEEMER SRR O LR BUIC X b KRR
ANBhb, FM EOEE LR T 3 2wARFNTH, £54 F -
(k3 TR CER T 2 ERREBR BN I RAL, SAW
WiE% 15~8MHz & L7,

T O AR T -2 THERTE 35, RER L WE
B TE Y, ¥ AMCET -3 RERORERBC LB Y,
RO EER T EH r-J AEL T 5,

4. 2.2 {54

FM E50EXKICH b3 il 731 ORERME ®4. 1
CiRFe 15~8MHz & 5—Ji IREER % S beic THE AT 5,
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gl

100
-
60 1.5C2v L
2. 7C28
3. AFZE75-2
40 L. 5CAE
5. AFZE75-3(7CAE}
6. 8C4A
7. AFZE75~4 (10C4E) AL
8. 1iC4A s
z @ 0! AFFETR=S .
) LT3
= ! 4
B 10 o
w8 <l
B 6 e
oz ‘ o
. Za L~ o
=
L
2 ////
PP %
L
1 AT
0.1 0.2 0.4 0.60.81 2 4 6 810

A& & (MHz)
=41 B¥hr-JL o 88k R
Attenuation frequency characteristics of coaxial cable.
BUEDOEER 7T OBEMERE, ZEMEAEIER oA
#FEh, SMHzic TRk 62dB BCd 5, ThX b EhilkzE
Mt OB R B 1 1 iE, AFZE75-4 (10C4E #24) ¢ 8.5km,
AFZE 75-7 t#9155km & % %,

FM HH 08, 7-Iu MERME TS r-Ju ik 3 £54 B
BARUCILS, WHRANE BT &, DEH Yzua @ﬁﬁﬁ%‘ﬁm’ﬂ
XD, SRR R 5D IRFERE: & B8 5 A A (K
BCff¥ic e 5, %, Yzwa IKEoTFM EE L= 25, 5.’}5251?
RUEDZBME SR, P FRrREshs,

4.2.3 SN

FMARRE LK ORRETH 2 SIN S R LU FE8M L Th 2, €
T4 EREHEIL, SINICBIL T 100 %255 e> AM ki s 1 0
Mo, LT, FM OEHHRFIE (100 %2500 AM o3 % SINTY
BIE) BT AF, LFEE S SINWSEEEE LY Gy
LT,

_A4dF
=~37%.

BEZ b3, K42 2 fr=500kHz ¥ D Gy 3k 5%
&,

................................. 4.2)

AF=0.54Fp.p=0.5x2 MHz=1 MHz
LT, Gy=11dB BEbN3, +2bb, 500kHz ¥ Clcon
RERENICHA11dB 0 SINGsER A SNz L ich b,

%7, 500kHz~45 MHz OZEHREBICDWTCIE, FEESIN ik
KRR L, B k3 MHz DLEREER A & 555, T
HEROFBBHEE AR, 57 ERESE r—Iu RERD
KE AW (7 MHz) (fHEiIC, £54 ERESRRERO LA E
BICHMHT 50T, BEBEBRTFMIC X 3 SIN Ok, ¥ i
Tk r-Ju BEOLBR - ek D SING{LOERAHIEFTE 3,

Ehic, FMSED yzuaic k5 AMBMESORE, ¥215M
Hz Bl Lo SAREFIRIC & 5 RESHES0 MBI X b SIN oF) L%
EotTwnid,

4.2.4 ZCH, VHUREEDESR

B, AR 1CH E5A FM RESRL L L Tw 25, 44
BEO 7% BEERES, WHABELOTRLITL 3, CoBa
CH B » T AHIR S BT, FA—r-31 Cl gk

ARITV B2 - RALR - 1B - =

Tl
BAZE N LPF

BEHEDGE L & %o

% CH, WHAERC R 53 d AHHWRE—ESE LT, S
BEOLEEEE, FEMRRRR OEMYE MR AEROREL L E 5D
Fohda, chizeFnd CHREREFZ: L cEbIS,

B, EBEBICBEWT1CH: 15M~ 8 MHz Gt /@ks7M
Hz), 2CH: 9M~16 MHz ([ 15 MHz), 3CH : 17 M~24 MHz

(A 23MHz) ©£ CHEZCEILTW S,
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Specification of the system and transmission range.
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= 2 # R [E8: 5N 1NC4A 10.0
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7 NE
BPF ©7FHI5VA 7 l/7\5f’ Iz)IiFT
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&
t?j‘/—\ﬂ x'«zr / 759
1V, /752

BEE~ UL~ DEM
- POWER
TEL
o AcC100V
M42 XEEBIJowsdrt
Block diagram of ITV transmitting terminal equipment.
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® 6.3 ITV pis ITV camera.
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LRI, 13 Fe30 GO LSRC X Y LY - T ZhER]
Sl BN, F LD - Th 265030 KD 1Fen 2BRL T,
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ITV transmitting terminal and ITV receiving

terminal equipment.
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ITV control console desk.
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Principal performance of Tuburano Tunnel ITV system.
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800 MHz Radio Equipment for Industrial Television (ITV)

Communication Equipment Works

Kazuhiko SEKIKAWA - Tadashi NAKAMURA

The ITV radio transmission by UHF band waves is confronted with difficulties in the allocation of the radio wave because of its

broad-band width. But it has been found that there are many fields where video signals are transmitted with practically no trouble by

using narrow band waves of less than 1 MHz.  This article describes radio equipment transmitting simultaneously the video and voice

and also a method and composition of tallk-back devices. It also explains the practicable limit of the equipment, showing the field in

which it can be made use of.
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Narrow hand type frequency spectrum.
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Negative modulated waveform.
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% 5.1 st AR OERME e SIN
Picture quality rate and S/N of standard type and
narrow band type.

Es 3 (90 % FF ) S 4 5
df [ G A o)) S R .
SIN i | o ge g | RRAIO
dB  dB! dB dB
5 JAZHELLIRL  EF 49~.57 53 65
5~4 B »THicBHLhd 45~53 49 40
4 A RBHIEL B 41~49 45 55
4~3 HHER 2 AXEDDBRET 37~45 41 50
3 JAZidHHHB EHICED 33~41 37 45
3~2 BEMR 24 XHBE bR | 29~37 33 40
2 2 ARBPER FEMKAE LR 25~33 29 35
5
0
~——_
—5 \ -
™N
—10 \\
—15 \
—20 \
—25
—-30
0.01 0.1 1 10

Video frequency (MHz)
m 5.1 £ # 5 X HF T u

Noise weighting function for broadcast television.

% 5.2 B

Path loss calculation.
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Bo@Emn (Pr) +37  (dBm)
% & AN (Pr) ~58  (dBm)
(Pr=Pr-+L7t)
MHL L (N) --108  (dBm)
SIN 50 (dB)
(8/N=Pr—N)
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20GHz Band All Solid State Radio Repeater for ITV

Seibei TACHIKAWA - Kunio YAMANOBE
Noriaki WATANABE - Toshiro TANAKA
Keiji FUJIBAYASHI

Kamakura Works

Central Research Laboratory

With the world development the application of ITV has been gradually widened, but demand for much more widening has grown
intense. ~ With an idia that an economic method to meet the requirement is to have radio transmission of ITV, millimeter wave under
The features of the equipment are that, 20 GHz FM

wave oscillated direct with a Gunn oscillator is used to work on a injection locking IMPATT oscillator, and high output power (200

development is taken up to work out 20 GHz band all solid state radio repeaters.

mW) is obtained, and in addition, a low noise mixer (NF<8dB) with a shottky barrier diode is used to make the microwave semi-

conductor put into practice.

For portability and easy installation, a parabolic antenna and a radio set are built into one body and a unit-changeable method is taken.
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Specifications of picture transmission.
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F

®oo® M w0 K %
iz il A ;4 % ¥ : {15%53161?12 Egga“é AMHz ©

® & A # (DG)|10%
B4 £ #®  (DP)|5°

EI A B O

HKEFHC A>T, HRAWTHE5 w3 HickR% 7B &,
2. 1 RELE L &R 2. LR ElEise B, 5t 4KE
CHERD L 2% L COBEDEMER

(1) RMFPEHE S5km 4280 £E 20km

(2) i< 54 REpikch 2

(5317 0> £ 1 _HERBRLAIEIC 32\~ T S/N 23 30 dB BT ic % 2 Ff
RR019% (HH3h AMD 1334) LIFE L, S/N#5 30dB Ll
Edngmo ITV H@ig e LCREFAINBETH Y, R
KHEAORMCAZ e EBLLETHTHZ5 2 EbhEOTLD
[E2#EAL%, 20GHz FHThF2BoF R, BEOREICL?
b ORE DT, HHBEFHC YL - TREFRIC B 5021
DUEETILEED D, BE - F - iz B X RERENC X
33D EHENTPIEDTEEL S 5, '
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| FA4F-=F
TAYR }
B 3.4 iy FM St
Structure of Gune FM oscillator.
40
30 -
ook
10+
Q | ] 1 L

10 50 100
ARRREEEE  Af (MHz)
3.5 [A W B4R B oo B W

Locking performance of locking amplifier.

THIR X, 7ot AL TEYHIZN B,

AFC HRUTHHEZEA E ot 20w b AMTYwF HIEZHEHE
T 2170 WIEBEE G HIE % H - 2 AR e, deszeii ot
FHT 1o/ 2V, JHEECEEE B0 7,

Fh, ANES, AFC BERERITEREEIOwTFNA—D
THEFICANERTIMIC 507 2EEL, MASCERES T
TR RIL T, RO ERE - &,

3. 1.1 BEETREBRIRS

CORRER 3. 4 1CFRT X 5 IC Hv 4144~F RIERIC As50a4
1A SO & BsE S L 2fib <, A7 BEC X T A3
03 S47F-F ORBERRALELT o 2 FHALT, ANERCLY,
Hv 14~ F FEIRBR O FEIE R 2L ¢ THEFM % 5 3 %
DTH B, .

RO LR, (a)SRBIERAE - &, (b
bic o TEFROBEMUERNR R &, (c) AIlRAEZ L LTeE
T, 20, HEDCHESETHIC AFC © guofy Loy WTHRIET
DT EERLETH D7, FA-F odut KIBEOHEEE % H\
TR 1oE—du2 % Aud(A-K DEE 1ot-dun IKEDIF 3 T &
X o TRIRRER % L, 5D, Audii-F, Asuzd11-f X
U= EBIOMME L A502 414- ¢ SR~ 8 4 #ic
THCER LT, EEMEDL W, ARk AEHEEYE T 3,

B S17-F 12413 MHz/°C 0 JSBEGRIE AL % & DD T, FoR
FEMKT, HI2EEOREHELRTLERD 2, £ T HEK
t BB TGS MBS R RIS 2L 29,

FEIRERHA D § M LTI, CAFC 220 A WEHMAKRET, 2%
HEL MV 8253 D %Ry, i 30 mW LBLE, - 25595 10 MHz/V,
520 0.3 MHz/'C BIF (—~10~+50°C) T\ 3,

3. 1. 2 FEARHAEIESS

fiv A1 4-F SR NI 2 T cRERMNA BB EZ X TX R VWD,

Hizy 3 Sx A EEHR ARSI - 301 - \LEPIT « 830 - P - BERE

B 3.6 <100 WABEIER

Microwave discriminator.

g

Ba 3.7 F¢ 5 2% KM
Performance of microwave discriminator.

HIHHINEET 2 2B, 1ohwh $17~F BESICIHEAR O AT
FHIET 2 L 2 FIFL T, Y—FaL-2 TAHIDHEL 72 25T
[FIHEEER 2 BESE L 29 c OFOMIER CIXEAE D & AR
NBHCKEVBEHCE, MEOHEE b T To 5, vwb
W3 oo EAERBE REWEE AT DT, CO o EAERE
Feo BHEO—BI%ER 3. b ICFRT,

3.1.3 AFC

A A1 A-F FEIRER O W EE(L DL & L T, — i Ze
e EEFE I AERMERHLOh T 23, coE TR,
HEMER Z UL QBRI NS FM R TH 2 20, NI L 3
AFC 2L %,

SR AR BRI D RiR TAL » A BN L2 @@ 5 a
ABDT, B3, 6ICRT XS MTYwl HE LRG0
RERRIC T, AIEEMASCER BT 2 C 2 X D, AMTUuE
Bl % 0 - e ZODRBH I L ER b OFEHIIA E 3. 7 )KRT
ko -T, BEERNEE LCBET 5, OB R H
L, ZEREHERD Aso2414-F O AM7aiciizdc&ick-
T AFC u—7 2HEKL . AFC 35 ALGEIF £65 MHz, g
3 MHz(—~10~ +50°C) 0T 3,

3.1.4 7y5+

FE L OGBS ERCT B9, yroe—F BREERAL,
SA51S BUHSIRIEIC SF—0 220 THEER L SiIK L. HifE
I TROLE B Y TH B,

B NERE 300 mm
F 2 32dB (18 GHz)
HII A 4

o3 8%

VSWR 1.15 LIF

3.2 SEH
% [EHO M RHEE%EH = [ L <,

.

PEREEER 3. 8 WiRnT

[
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3.8 % a&r’ﬂi‘}[ﬁ :

Interior view of receiver.

BPI 105 {PRE Ir MAIN [FL] LI }JVIDED
0GR [Brr] O [Mix] AMP AMp pisc| AME
: SIGNAL

M ouT

AGC

POWER)
STB  [SUPPLY

3.9 FZEED JouwrdtIss
Block diagram of receiver.

i"‘%3-2 T EE o BE T
Principal items of performance of receiver.

b B Boms # o m B M ofE & it
% 13 8 B | 17.7~21.0GHz GBI~ | 1V by
R ORE R 5K STiEBEs 140 MHz | 8 ) R 8 % | WRJ-180
3 7 Yyl T v ¥+ i30mm 1774~ F

GaAs ta v b &0y NG RTT T
TEAX-F Ty oF AT | 324B

N F | 10dB F o | 30W BT

# ® | 20MHz o i 20kg

AGC @M 4dB x5 ik | AUH RN

X5, F5910 HRTH 5, ZEHD Jows d1tJ54 #F 3. 9
iC, HEAEETEER 3. 2 IR T, RETUTT QMR 1mBPF3'°“J:
K Y—20—2 il o THIE 209 KA S, RDHFHERBHNEEQ%E
A% i BPF & $—%a1-2 %Y, %(EBPF O yrosu2 Hik
X ->TR4tEh, %E o4 ICAS,
HIE IR 3 X O PR RS IR, R o 4 TR RS
EREELCEARISMERE L, SEEYEIER IFBPF CRET 2
FREERAL oo WPHEEN ST 140 MHz <, MEFEEIIZ vy
2 T 20dB o AM MR 725 L, HEBRECEEEN
5.

=(2 AFC 13, AMSRRBRC X » TR FERE T Rt
LT, BEFEEChET 286X AFC 2 ML .

3.2.1 REERESE

AR EERCH - 22T v d1A-F B LR L b
DTHEN, EREOLw, FF, BEROQREN, QRENT
LICRIKT 2SR, TotE, ZEROMSEEEE S0
<, 5 Q AR BPF » LTHw3 T kit k b, ETEIRR
DHEEZREL, TREBHSHEROSILEH 2O,

3.2.2 :oH4EK

yudl 2o% FRAL T, BEROMIEL e MELREY, 30941
A WWHEHBEEIC A - 7o 254 GaAs vawb¥ AY7 d14-F H
% AR, %18 BPF & BHFEIRERICE T 2 BPF 2RIAL T,
A= WS R RS T 2o I L, BHBRERRL LT,
HERMONELRE 2P, RO LB Y TH S,

FR ] R 140 MHz
BIEAT] 5 mW
1432

1‘\, BPK M;\}'OO.% NA7003

B 3. 10 el SRl EER K

Block diagram of main IF amplifier.

B AR 9.5dB (IF 2dB)
TRER % +0.2dB (20 MHz #45iC 35 \nT)
3. 2. 3 EHERERKEES
BN AE 3. 10 IR T, [K# I MIER Jer IC, MA
7003 (A 2 SEMML, dr4-F Audoutic X5 AGC Bk
B Y e, WX T o0 IFBPF CHiE L TWw 3, MEREZIRD
LEHTH D,

R 20 MHz
AT 60 dB
AGC Byfiiin 40 dB

A BER K

5T & B O HD W T LA d1P054 RVERL,
HiJ) SIN 2 lat L feo MEFGIREERHIC $ 30 dB BL L0 S/N % iR
2 C b RflED0, BEEROREGHEE TR - o

AOEEoMECE LT, BREREEOMCRERE TS ALT

WP E OIS L, BOEEEE- T TR o %,

T Bk rE

(1) EHeFH-

A ARE T B 4.1
S1vA0-J &4 2
IU—6AD=T 4. 3
(2) JFEEROTH
DG 4 9%
DP 1°
(3) SN
Suds W 51dB A —50dBm D& %
37dB Ay —65dBm o & ¥
FASA MRS wL

Lo I
T AR
0.2Viem, 2 us'cm

4.1 Sz W
Pulse.

E
T AT
0.5V /cm, 10us/cm

4.2 s51v20-7
Line slope.
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Lo Hih e
T AN
0.5Viem, 2ps'cm

4.3 Ju-s20-7
Frame slope.

107 00k, TN, OMTS

R 4.4 KR

Amplitude characteristic.

1t IR
T AR
0.5V’ecm, 10 gs/cm

X 4.5 REE

Stair step.

A= e
T ATIEIE
0.5Viem, 5 ps/em

4.6 $1u2%
T Az
Sin®T pulse.

Yoy

N HEE AL
(4)  IRVE BB (4.4
(5) sar E5#ER

BRI 4.5

4.7 B (EE)

Picture (original).

® 4.8 Mg (%R

Picture (received).

1o 25U 4.6
(RO 4.7, 4.8
st ¢ v

2120 FEED I & BT OMEINC X - T, 2100 B0
WERIT/NE - BRACDEME A b, & 0 EBUE % TR HE, Ke
TruFT O—HICE 3 ST Bl 7o5T TR & 2 OREED 12
~-Y REZXSELTwE, CCCHE L AR EELE, B
BLICHBHE =) WICHBWT, >0 BRSO EALS Bk
FEL7d DT, NMNEREILDBEIED D OTH B 23, MHl-CliiE 7
VFT NDORMD & LT, o100 WAERIRIEE 2 £EH U A8/ ML D

TEHFEL TS,

T 2 X B

(1) #HEA : WPk, 19, No. 1 (48 45)

(2) HWHEH  B¥2R o100 WIFE, MW 70-52 (15 45)
(3) 53, M, P B4 2k, No. 435

(4) [U%F, f4H : BE 44 8K, No. 445

(5) %3, #95%: B 448K, No. 1591

NN NN NN NN NN NN NN N NS N S N N N e P S SN o P o e

%"{\\ww‘

B =y B Sl LR GRRESERE - SN - LR - (B - RRR - Ak
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P

Sy

15}
& L
B L
& 10pF
=
S0
5_
] ' ! s L
9,000 8,000 7,000

o = IR
R (A
A 1 AL SN

9,000

B 2.2 3% {5 %3 4@

Exterior view of the equipment.

B 2.5 GaAlAs 5% 414—F ME 101

GaAlAs light emitting diode ME 101.

D LED ORfiEIC X b kb b hickh® e ISEh e OmE ik X 3
ZILOBT#R 2. 1 5L URI2. 3 KARTO~O, @hbbhdk
51, FMBEEH 7,300 A~7,500 A © LED i, AL »iE 5
N~ Gals & BIERREOE L [SERESHLTED, bhb
N T DPEIRGHHD T LED ofl| s 4 L TR % ML To
.

2. 54, #HL% GaAlAs 58 414~ ME 101 & BEEIsLk
FARTERT, BIE vod BT D= TE Y,  07% T
THDH, AL =y B, SR SRS A - TWw 3D T,
R % 2 B, »’c@)&:ﬂam;dpm#u CAN D IR D
%,

ISEHEC DWWk, ME 101 {2 #i{e> LED o w¢ 24 BiF ot
HDH, WFRIKL TS —3dB & A3 L + B 15 MHz 12
BELlrkviw, ZEToArELsCPrbhEabav, bh
DIOEHIC 31Tk FM D58 % 05~16 MHz 1c U5, %
DOREBIHE %74 > Tw B,

2.2 7HNR52 T3 b 44~ K (APD)

APD OB IE, ASDRICX V5L L 7 $+U7 % W A7
ZEIML <VED L 2 B3 comBR2FIHL T, Z7Ehikx
EDHOTY, O EMERRRREORIBROMEIEN L AP
D BGRREET 588 vawt BEOKE X LOHHLFE £ T,
SIN BRRICA D X 5 ICRIFN, ZTOERMO~0BEE 250
ERFLEN TS,

—Rc, APD DitfEd, BETRAD e K RET 5 2100 5
SA? HEECTHHREIND A, bRbNAEAL & St G
BTo Si-APD 13 _b ko B @SR O fE LT < 1t w120 333
7 DREH T L, BT A7 BEMR 30~40V Th o T, bl
EBICHRAGICE DD THFREGARSY AL T3, 2.6
EERZONETH 3,

~7, BfEREL, APD OBMAEREL K172 BEL: OBES b

RBEIC L3 ITV (=28 - FRUT - 2EE - B - W - KAR

K 2.3 FEAETARO BB EY:

Wavelength dependence of quantum
efficiency of LED.

X 2.6 Si~-APD o
Si~avalanche photodiode.

B 2.4 IREWEE OB KT
Wavelength dependence of frequence
response.

(A)

27 APFDEHA172ER
Bias voltage supply for APD.

60C
& &
L
A_Arl_=5
] N =50
o M‘”M-/ "'\«(f s
I
Start
0C
- = 10 minutes

B 2.8 @ A7z Wi X 5 APD e iRk
Temperature characteristics of APD operated by
power supply used in the experiment.

EEDDT, MEREE DY, B IT O E S
BEL, »OBEHEEBA 01 %LU TICA S X 5 AREEOE N A7
BESEREND, RBEEREO DI, bhbBERL 2/ AF
BEONBEZR 2. 71, Zhi RS0 BEOBMED H%
2. 8 K/RT,

2.3 EZFRoOER

T, TORFORED—OR, HHEVLIERFEEOESMEK
$%7, LED OWHEZ0 b 02{BECHBT 2 & ez hn
BCA->Tw3, Thbb, 2. 9 CHIEEEEPFRTY 51C,
BE - ZEORFERAAUATFFTC AL LS KRBT LTED, B
DEDFMITICHEL, H2ER v »oBFHF2 B THED
ROICHEFORE XU LED 0 WHEARL TR 202 FERL, X
UMz 2T 2l vischoTn 3, fc%klu{ﬁﬁo%&"é
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® 2.9 A0 o BN

Optical system construction.

ij‘wl//:k v

B2 10 # & o $Hng X
Schematic diagram of the eguipment.

» g ¢ LED ot EFAL, 20 Jyds TEL Wi
ARBETCHR S C e TE S, LED - APD B E A ZKITH
FEBCHE D T bR, ERONEEDERTRbIS,

HERAL W3R EMNE vl &, B L O EEREER f=
200/25 % B\~ iE f=15025 DB DTH B,

2.4 RS

2. L ICRL 2 o g% R 2. 10 cfil@Mo BT R,
Sk, EEE Lo B X UEREEE, MUk ORE, =KOUR
Tk, LED - APD OB, HHEEER, a1 L& Bl
[[gs, HoEhg, FMERA L rbA->Teh, Thbd v-ur
ENIREET—DD & & S RICHIE » T3, R A3 BIRIED
BHDH DT, HHvud, ACL0V 8, 7t AT L
ED o0& €a- HD -3 KonTE Y, SEAEFERCHebR
EEMICE Y DT bivd,

| L AR L TR S HEDKIMGb R, ZHic 20 TEETH
T LB MB) 23 T A - [BHE% A TR 5 T
CEBXSCHE-TEY, ThOTRIENESTH S,

2.5 FM{ESHR

LED Y& (E358 C# L 72 FM-AM 30c 65<¢ FM 5% ©
BRI, ¥ FREEATHE» LR 2 tFt B L EHESY F-
M Zegzaic X v FM {25 ¢ L LED BEGEMIES %8 L C LED 0%
Yesagic AM ZEfE ST T b,

SEEATE Lod B ZEESEEL TEE AM E5% AP

DX Y BEEBICERL, COMBEZLATEERERFCL ) H
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AMP LPF CLAMP CLIP PR-EMP. MOD “BPF -AMP

LED
AMP

4.5M

FM

AMP

+12v
LED
POW

’ FM-MODEAR
EF A AD

T s ACI00V
(1.4v/750 ) A 71
e TP ACI00V
. S &
BPF -
——
ZHHHRD PoW APD
T+12v

i 4.5DEM AMP l
<M S Q%%#ﬁﬁ;
D

POW DE- > i
pow RF. AMP LPF AMP DEM LIMIT BPF

FM-DEMA iR
211 #HEANKIows K
Block' diagram of modulation and demodulation circuits.
L% FM %@L b & 0 £ BB L HHEBTICHEML
Tw 3,

C OEMEREERO Four BEE 2. 11 ICRT,

FM 22048 c5a5EE LED 023 AsEisitc HipR &
NB7®, #05M~I5MHz 2 5 Tw3, ¥ EREAREHE
(EFEEI) &, £54 O 60~4.5 MHz ¢ &7 FM 3 © 4.5 MHz
45%pY7 FEBL &b D TEF 60~46MHz TH 5,

Ll Lo Str b AESIRY 4F 2K & A RGERTE fo b
P-P FEESIES 4Fep %R0 5 E 1-vy OXB b,

fo=775MHz, 4Fp.p=53MHz ¢7% 5%,

I EF FEETRETSIME EF R LIBRRTH D, D
MErs R EnAy, SHOERETE

fe=85MHz, 4Fpp=46MHz L LT3,

COMERWL B ¢ kI REETEEE, fnd6MHz CHL,
P-P EiE® dFep 7546 MHz © 7 534 OFEBES € BL
Tivh® 5 FM o EEEFIE (SN o) dlifFcE i,

Ll B34 EBCZOEED & HFL 23 IMH LToM, &
BICBIL Tt SIN 0% #ERD Y, 7 21F fm=100kHz TD SN
W (100 %ZHWo AM » ) 2Rk E (2. 1) LA b,

(E) 4.6 MHz
N FM 4

(’S:T: »\/”3‘}51:: "/v'r;“fdo'zfﬁ; =23,/% =(315dB) ---(2.1)
N AM

U5t ERICEE WD BEEES R, ACERIES RO 15.75
kHz % 3 U - SRR ARSI % 50, BBESO RN
®EL D e FM 0 SIN B i - EE2T I E S, 1R
W ) T9euz BT o TR LA Z#IL, ERCo SIN gk
PR o%E S BEETH B,

7% c D FMOIEEY LTVw4 3 &, REEEDEL, &
AR A 0.5 M~15 MHz & 571 EFICGEWELHBESTHH,
20, (EED 0.5 M~4.6 MHz RZHHB e R 2R DL
CH B, CORD LFF EHESR M EBCELRLED, |
ZOMRR L S LG  ERBTOEEBLETD D,

EFEE : FM EEORETHR, COR—¥ x 5 kAORT
FIBEFHE - SEHEITh VL5, CHEALBO & 5 i< LED O
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EZE RN 15 MHz & LRR2SH 3 720, WHMERECFH—HE
B EDL T2 2B h v 2 iclkT 5,

INLOEFER TR HREZOEMEITICK S st o SIN
{LOEREe 223D THY, WED ToL, -t HBLA-THb
bha, HREMECHT 2% - HIlRTOMER ATod1y HRD
FRZERENTHY, A—F x 5H4H, X - ZEEMOE 2 v
() & AP-D iHiF1 LR 29hE vz e dHoT, & x 5kN -
LF REIE 5Ty A b OBESICRIHEEALETS S,

EIStDERE)E, ACL00V CHfET 3 12V OFEETEE 2 fif
ML, 2EH EM 2380, LED EaEy) & 5E% M 5H
[alE, APD AiiESiEHg) K0 sofisihad, APD o A7z
BESHNKENTB3DERIRO LB Y TH B,

3. KB DM

3.1 mEARs

2T, Lo EHWCTEHRZRZAES 2B e, ITVE
BEPIED SIN CRETE 2LRMERETS 20K, Ko BEH
BRE2ATTELTRE, bLbNOFHWTKrE FM-AM HRC
W, - PIRIC FM i X 2 SIN SRR H 30T, EhiEiA
ACBTERLES LA 2RERC¥ 2 RKEENE R OFMli% A4 X
W,

CORICE AT, RFCHBIL 2 X 5 C BRI & 4
MHz © FM ¢ 0, *oEFH O SIN ik C/IN L iniEREY
ERAENDG 7, CIN & Lk 35~40 dB s 2 wgind 5,

T, —fgic, LED o3kt Py, vags MIICER xh 35
NETEDETE ) P 25358 % o Tve 3 & LC, LED Y2 ibit a2
CAND 7edic, LED Efko -4 B2 0 1 ¢ % AN CEETHER:
KEEE R ko2, G DX5CAE3C eI ELNED,

R__fﬁ J2f -tangp—d
T2F, d-f  -tang

& . ¢,2 . 1/2
{LPs N } """ G-
TCTC fo B RENENREE Lo AR XU FL, 4,
f EENEN LED OER & LED 1ol b 1A AiELENE vog otk
FEEMETH 5T, ¢ ¢, 13 LED X UEE Lud 0%, 21L<TL
RIEET 5 26 R A Kic X 5 BRIBHCH 5,

—75, BRBORANPIESENENE, APD O vaw b MEEE
BEDANTRIT2 X GB.2) 0k sknpbhz®,

o R 2k-T-N. Rps
e M1. B+ {eu-lMZq.B~+A<e-I,,-M'I+ Mz'le>B-m~}2

P=

1
7?—7712-3-,4

CTT, e HETEN, Mix APD OB, I, ik APD %%
NBHERIOTEEEACH D, g i3 APD ORI S 8 vaw
P HES ORISR EDTIRRC, BHIE05~1 Ofic® 3 & \»
bz, B IBEMBIOHRE, m & LED Sobomira sy,
k T RExhZhfvyey BEREEETS - C Ny BMEBEROMS
88, R ik APD 0 BffEHORE 3 Th 3, 2L Ts, 41kxh
X APD ORE L REFLZEECO FM E80 SN ik 0 &%
FHILEEFEDTIOTRK (3.3) (3.4) TvEDLT,
S$= (e)\/hc)-n ......................................... (3, 3)
L, A R v BENRFNROWKE, Tsu0 B, BF9R-C

HEEIC & 2 ITV 53 - FE - B8E - BIF « BR - KAR

H5,

41=SNR~1_<Z£V>—2 .................................... (3.4)

7L, SNR, (S/N) gxhFhBEE D SN I, ZEHME
s22MS1cn SN Ieh %,

FEATR—WABRRERL%E, Thrbbirbdkdic, Xk
HBECHE T, LED ofifiokE 323K % { APD 0 EEHE -
BOBFTL v rBRELTY, AL LED Mk LTz
AP I VIE S X &, LA > THETENE - & & BB
TNz, ¥ RERCHLTE, 2ME vod OBABERREL,
FERPZ @I RFELwCE R Wb 3, ik, ERNKCE
EBO/NEAUTEOMER EXH D, AFL S 5 Lud &\ 5
b B HINESZT T, BBk 5 A Lol RABAZ TV B,

Pk Yy, FERCETIRLLEDNIFEZRALCP %
RDHB & P dm/Mae LC3uW E2aBohs, BEEOHEELD
BUEE RALEUBEIERD 2 2 Bbh3 s, £hid, &l
W3 % APD 70 Asv+ - LED BRSO KEEIC X 2 25508
DERE, Bo&Y) LAVEAED 5D THS,

%, —, Pe=5pW, Py=600 uW & L CHEABEETAEEYE R
FEHECRO B L, T 5 - 280d SEL I EBEREERE v
DEEELT, 110m~2900m BE LIS, ¢ OEORSEAIERD
B, Fe LTLED oIk 3 0T, K, t-4 flo, ¥
THBERBRREA L T 302 HORKCE ER L CRE DO
THIL, O BE DT A L OFGRD 2 2D TH 5, L L,
KD & 2 5 500 m HiifgIZERAFEL EL bR B,

3.2 {REEEBRER S

BT, BEROTHCHE o/, MEHBRZHT AL
MUETE 52, HERRMA COMGRCEBIEEZ K T, B
D& T3 250m ¥ COFIHNTOHIEREEEB TR - T
%, o V
T, ERCEWTREORHMEDLER L, BSEMEDOHMEL
e e, BH-CRIS0m DIERER & > THRIER TR S, COF
% BACTETE, BEETEL L ThHER X 5 TH#HFED LED %
HEHFCH D Z0RDIT AL TE, BEHEEE v C8Am%eT
RAEZRERACD > T OREHTH 3,

250 m ¥ COEERRLAIFC, SR APD OREFE T3
PABREBLNTEY, Lol DR FELTRRTARL, EREE
L5 DHEET 5 &, AR ASIEME 300 m LI R FIEECH 5 5

331 ZELZTVs2tAa-u
TV test pattern transmitted and received
with communication equipment.
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The Latest ITV Application
Takaaki HORI « Shuji ITO

Though ITV is now in use in many fields, newer utilization is considered and the number of installation is increasing without a

pause. According to a prediction on the demand made by a certain reliable source, the average rate of increase in demand a year s

somewhere around 3493, The operation of ITV in the past is mostly confined to the purpose of the so called surveillance. However

with a growing trend of giving preference to information pursuit, application of ITV to communication by voices plus images has come

to draw attention.

In this article, the utilization of various ITV systems is rearranged in a proper shape and description is made on ITV application as

communication with images, though it has not a long history vet.
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System diagram when video exchanger MELTEX-2 is used.
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Recent Progress of Power Thyristors
Hisao OKA

Kitaitami Works

Recently thyristors have made a sharp improvement of their performance and an increase in the variety of types, which extends

the range of their application a great deal.

Discussion is made herein, in reference to the latest progress of the thyristors of power use and future problems of them, on three

aspects of the devices, that is, high voltage withstanding, high current and high speed switching, The design parameter for these three

items of performance has not a few points contradicting one another.

Depending on the purpose of operation, an optimum design is to

be made with the harmony among various factors in mind, so it is unavoidable that the types of the device become multifarious.
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Dependence of thyristor characteristics upon the silicon
wafer’s parameters.
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Mitsubishi Flat-Packaged thyristors.
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TwD finhk 29505 CeiCkY, BOTRTTDHCEAETE D,
HEEE, Emck r-rrod - -t B - FIEERE - LRy
L— B8 - wBhRlR Tl s, TRCERE Vb EBEL T
T o T ST 2 C L BHHECH 2, 4—+ BB L U Hlf
B, BERET 21T 5010813 @ 12w b {EREY, £ 1zob i
o eyt & OFHMEERHFLTEY, B3.3 RT k5, il
Zubdl-s KIS T 3, IEH & Uh I GBIER L USRS
fTRIRY DU CH 20T, PWHEERATH D% —B CHEITE 5,
EERMCE v-uF MERCCERBRTRHRT bhtn 3,
MBS 14 e Lo, HIEREIERSE L0 - X
Udne O v-uF &, X b ICHli#ic it )2 3 BRI (Separation,

X 3.3 CF-E® #1yzxa EBEE 12w boL—4
Control unit frame of type CF-E thyristor equipment.

& 3.1 CF-E® 41uxz HFEKE
List of ratings of type CF-E thyristor equipment.

SE 6 B M OIEEURE # B~ % mm iy

kW v w o |m ow|m % |272%) ke

1,800 770 2,664 1,120 2,300 2,600 1,650
2,230 770 3,568 1,120 2,300 2,600 2,300
2,660 770 3,568 1,120 2,300 2,600 2,450
3,100 770 3,768 1,120 2,300 2,600 2,650
3,530 770 3,968 1,120 2,300 2,600 2,850
3,960 770 4,872 1,120 2,300 2,600 3,550
4,390 770 4,872 1,120 2,300 2,600 3,750
4,820 770 5,776 1,120 2,300 2,600 4,250
5,260 770 5,776 1,120 2,300 2,600 4,450
5,690 770 5,976 1,120 2,300 2,600 4,650
6,120 770 6,176 1,120 2,300 2,600 4,850
6,550 770 6,376 1,120 2,300 2,600 5,050
6,980 770 6,576 1,120 2,300 2,600 5,250

() EH7Y » PR IUEET Y » SHERBREIFALcH 3
(2) BHERRIEECRTIIOV KOWTRL AR, 11K 230V, 460V, 620V #5 3
(3) ERHEROBAMSRLER 100 25 ME, 150% 1 2Hcps
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Transient response for step reference
(mesured value).
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BRSO RERE & Uik, e IS SE S - B
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&% Bl 5 22 D OHIK T, —BHC I BUERIENIE & & v
. EFTETIE O 550 FREHIIC B 5 WO % FURER % 2
LIETIAS TEEHMICL Tw 5,

Ml HMERC T, B4 4 1IRT X 5, i LT,
W 211 -7 BRHNER T3, B 21F-1-7 BRO X 5 &
PR -Twa, TFE LI, EREDE - Y1022 HEACH
SIFEMNER L ERCT 5, B2 & LT, Y1uzz HEEcERH
[RE|T 5z & T2 3, C@iﬁﬂﬁUH@,ﬂﬂlﬂﬁLKL
AR EOBERAHN AN S CHEL, Y12z SEm% (R
TORDOEBERNARKTH L, HI L LT, OEF 2 1F-1-7 i,
IO LY BE2ET 5, ERES X KO GD? itk
ERERD B, B 21T-1—T 1%, TORERDIEICEIGRR S S
IEEERTICT T 28 TES

R4 4 JﬂilzdeJﬁHJ[Elﬁﬁ%"??“o E R B O BN % Ao b
FEERE (PG) CRINL, JEHEE S ORzES R9IRERIC X - THIE L
%mwoéﬁbfm+ﬁM®Aﬁ%fC?é C@AﬁﬁéLl
> T At ORAAHIEE TR, Y1y22 EFEOHIEE % H
ML CEHAEWSO B2 HHT 5, coBg, Bl orf-u-3
BRIMEN T2 700, INER, KB X U8 g6l b &0 T
HRERED 5 BB TR ENh 5, BRI - BENEOS
& FERICHEEE & B, P 5 WREEOHHIE : DR RIEL,
F—t BIEECAAEAIZE TR - T Y1uas EEOIHERD 2 v T
WHEEZ H#T 5.

PlERim b EARmabif v—7 T b, A vAT-F BEK
WTi: ko-u - F a-u B2 o-FASU2 [, ;ﬁbﬁﬁénﬁﬁﬁf:
HHRREE LT 5 7o O EH (£ vzuz W), 255050448
BCHREMSENO 1o BMETT 528, «ha filfl v—3 s
B (f v FEEE) SRR ZROREMICET TRY fHF s

Hl UAT—F ] KRR Yruze BE - LRk - HE - B

X 4.4 8 g I s

Speed control circuit

X 4.5 Hf#H1zw

Control unit.

N5,

4.3 Hiffla= b

i 1zwt &, B4 SIRT XS, BifCTHEm fya—o
X UEEEIE 2107 B L, RERTEDES X VB O EEICS
CrAtBomEmiilzirsc ¢ 3 TE 5, LANRST, 12wk OFf
BIRIFRICORL, —DD 120t RED tu b © D IHICHIFTE
5, Lad, IEHI -4 B IO E 2107 SEIERICHE Y fF
FHRTw 3720 TR L Risic RoTwnb, ¥k, £ 1-
o MICIETEERER bouoaa TOHSIRIIERE & g IC SHEHYIE 38
FEAL TNBILENT W 5, SRR - MBS Syo 26K
CHENTWE, ThHD 120b 1 B oL—s KHEAAEHT
no, F7, Ml ov—s KE -2 BARD DT LhTHD, &KW
%%@imaﬂc®x~aﬂﬁ@%c?§ogC@J;ub@%&?
DAL, T ABEREE TA o 2 WEY: - Bl Chied
DTHDL, ¥, MACHLTHIEBEL, J12 2ZH R WHEIC
LTw3,

SHEE P N 4

BlE, 5 cfEL CTEMICE > TW 3 REROHHIE LAT-F
1 U2z SR EEEE O MR, TR S X ORI, $2
—EoL D& L UNEESC DTN Lk, BHEROSBCo
EEREN - WIS ORI cOMSAR L <, BIAE 2 HAR1E
R TN BIER DI DELEE & bic, o/ MBEEh, FSF
- HEEEC B TT R BDR LT T hiE kb iy,

FiRiC, BUHRMIC y1y22 ERFERA TN, 20FEBI THEENW
PV ANMICEL BLHL LT3,
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Small Capacity Thyristor Assemblies for Variable DC Motor Drives

Kobe Works

Takashi OHMICHI - Masakoto HASEGAWA - Yoshio NISHI

1t is almost a decade since the Thyristor Leonard made a debut as a electric power source of variable speed motors. The new

apparatus has been well commented and extensively employed in various industries including steel and paper making, still finding its

way into new fields.

This article introduces tho outline of a series of the Thyristor Leonard systems of types THL-A, -C and -D as a power source to

general industries and also of type THL-E developed newly. The text also covers the Company’s products in this line sent to the market

up to the present such as practical examples of precision speed control, an armature change-over reversible operation system and a

automatic field weakening control.

Lo A #»° &

TEHEEMENOEE E LT, $19asui7—F REAEG &R
THBEBLTHLIEL 0T 2 5R, TOMCHE - Bkt
B TECE RS, ISHEETEREYROER I D
LWESCETETHEBELDDODH S,

M B W TR, —BTZER YryaaLtT-F #EEE LT, D
THL-A ¥ - -CH - DB uy-A oiEhic, bic, NBfbzds
h, RFEARICAES TS EET S & & i, TR EEM
iEeed IC 1L LA THL-E B vu-A 2B L%,

#ric pntlk, THL B vy-A41yzauir-F HEo e,
OISR DT 3,

2. THLH> U —X 44 Y RFLAF— FEBORE

BIEE KW a5 200 kW FiE ¥ © @ —fi A yru2avdT-F
gm e v, THL-AW, THL-CH uy-% 23H0, FAhT5EW
UTFo sEAe Lt, THL-D# vy-X 28{ELTw 3,

THL-CT§ vu—% &, Eikts - BRE T 5 it oot B
Wi, AsRsrosT BREIEERE, NC & TRk B MRS
WTH Y, BEvIibEfiErEoTtws, chick L, THL-A Bk
Y8 THL-D 3¢ 5 y—7 &, THL-CTRiE L @it e Liawv
YOI NG, A o-A &, $1Y2eLAT—F ORETFHHR
130w2 KL bR TE VNBEL T 3. Tkl X o
Rt LT, BN Syuta-F AT A C ke kY, BERICE
LhRhdX5CEoTn%, DB yI-A Tk, &biC 2wF¥T i

#HEDT, EHEZOHEBCRIhZ DT, gkt e
BETns, THL-AJE - D E dic, HAG k-2 Al h
Kbk, TV HIZESOBREAIICIR BRI TN S,

e, THL-E 7% 503 1k, THL-C 1 & FSGo@EkaEz AL,
LabNBET 5 & L QIR EBRESTH S X 50T B,
Lo EIKEE, HEEBO Suoth-F 1L, B Eg t—{t
LieboThh, $f THL-AR - CBicfibh, pot B &
ELEDEILTNWS,

THL-A - C - D2 TR, T TRHEATHTHZDT, TT
it THL-E % e c icd 5,

THL-E % vy—iy1y2aLd - 3@IX, Yruxs St - &
IR - HERGIRSE - SIEE - BB ILERE yU- BRSeE S
A A —fELT—2D 1-wb KELH LTS, IZwb & F1Y
25 BEFTEIS - HIEER - REEE O 3 J0.2 KHTE SET,

E 2.1 THL-E-S322F 1% #1Y22
VAT—F

Front view of type THL-E-S322F

thyristor Leonard.

g 2.1 THL zy-A4qyazuiy-F #Eae
Specifications of type THL thyristor Leonard.

® % | moafw | ACAHEEDCENUE WADCMER & w o | v m mw | n | SERH | wrwmem | soums
K F @A 200-220/220 90 3¢ BRTAR
THL-A ¥ H #F A 400-440/440 180 i P T Y oy ¥ 1:100 +1%
W F M 200-220/140 30 3¢ ¥
§ Hzl a3 -t 0,
K FH 200-220/220 110 3¢ BEERH MEHE | WEE10%
G 400-440,440 220 BTy Y | EHHWE | HHRE 1 Hz
THL-C & ] b - 11100 +05%
W H M 200-220/220 110 3¢ & B | e
WOHF M 400-440/440 220 BT Yy ¥
K F A 200-220/140 2.2 1 RETY v ]
THL-D A 200-220/220 75 B Ry, 1:10 +29%
THL-E # THL-C #® t ® U
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% 30w BIRSERICER LT 3 0T, M 2 5o AMIES
e LA TR 2 BT 5 D AT XA,

ATHIE R 1 AR S - I - D RE - ERCH
KL, 7T I5dMu n-FKE L wbhTwE, E2. 1 THL-
ES322F 7 220V 230 A kRO 1= 1 S EIR RS,

P o e e o e e

Bl 2.2 THL-E-S 322 1% 34k S0w2 [F]
Basic block diagram of type THIL-E-S 322 thyristor Leonard.

(1) ZAiEm

THL-E ¥ 0 3#AZA K% K 2. 2 1<Rd. HlEbEK IC iy
BT L CEBERE D, 23-2 OEIE A>T w5, &
HREZ P OBIEETED 5 2D ICER D B AF=F P13 5
HELTWwB, JEEEE toy 1 10 kHz ResgioiEes, |ol eolt i
DCCT ko Cwzeds, iz IC HilhiiEs R8Ik 2 <,
JE SR & RO B 2 TR - T B,

(2) e yu— oM k(L

HER JL- OEHERDBRCTZ, U 2BFEET 5581
AR 31 2 B REMNE L, BHEROENX 1-Fur— 8
MLTR3, FCEHECAEOE Fa7L 0us-2 O 5~ ALz 8
W kRS LTw 5,

(3) fRsriboted

FrU2a UAT-F AR FREESRC TR LTw < EEIcH 3
2, RFOMISIL 2 EBE L CRMEBE 35510 n-F HRX & L,
N-F OFIEC ZIVEKIER Fzwo TERDD Fruy MWTFERF T
Wh, ERFHC AorTur BHO n-F #3800, BIEE HEVERE
uld, SRRSO RHERE R 1T 5 7000 O NARSEHERES % £
T3,

%

%= 2.2 THL-E I {LEE—%3
Specification table of type THL-E thyristor Leonard.
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Transient responses when speed reference changes from
zero to maximumni.

i

B 3.9 stmbA%Ewoﬁrthé&f: & %@@zﬂﬂ%ﬂ:
(HBF90 5N &)

Transient responses when speed reference changes from

forward to reverse (field current control).

TH ausysmere e na R annrea it

T Mn .m!H%H ;

& 3.10 %IE?EA%IE#?Q%VC”’WE%‘&?E LED
W (—ERR)
Transient responses when speed reference changes from
forward to reverse (field current constant).
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New Thyristor Chopper Controllers using
Reverse Conducting Thyristors

Takashi KITAOKA - Masahiro ASHIYA « Masashi NARUTO

Kitaitami Works Hiroshi GAMO
Masahiko AKAMATSU

Itami Works

Central Research Laboratory

Because of the remarkable improvement in the performance of large capacity semi-conductor elements and of the progress of chopper
control technique, application of the chopper control equipment to the vehicle has entered into the stage of practical operation.  Mitsu-
bishi has supplied the chopper controller built by a quantity production to users ahead of all uther world manufacturers. They have been
operating very successfully. The Company has also developed new chopper controllers using reverse conducting thyristors, which have

been delivered to the Chiyoda line of the Teito Rapid Transit Authorities and are new in commercial operation for several months. The

St

new apparatus has very simple circuits and a small commutator, which suggests that it is advantageous to build large capacity thyristors

in future, and that they have important factors as a standard type of the chopper. This article introduces the details and a test result of

the elements, circuits and devices.
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h DFIHEEE S he X2 BIERBREICE </ MEERR{L X T
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EOWE & BB DOWTHET 3,

2. HEBYA YRS
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WL 128 BRERODINAEDE, »ARYEFICHEE, 20
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™ 2.1 Gl e O Sk A B
Fundamental structure of reverse conducting thyristor.

Y258 & SA-F EFMBFUC LA DD LA FALSDTH B
2, TOXSK—FEEL T Lick 5T, £ IC Fou )8 HEM
A wFud T LT, HECHA1d-F & H1y2a ZilabFEEsi L
POLY B RERREZSDCLMNCTESL, Tbb, HiglE,
F1Y22 DHHHRERLE-CAVOC, 2. licLTXdic,
H1 Y25 HEO Pr JB-Np BEBESICEER (Uo-r1z02 i) %
&7, whe k- TIEIEBREO B L, EEER P ® -, &
DoiEEISEOR LR EA B C R TE S, a-viy BREIOEE
o> CIHEERETAZEL AL, MEETA4LL, chick»
TEEREE Y DR B, HHE - Bt AT XN T 35 2
ToFudf1izze CRMEEF T2 itk o T, EOMERESL
b, &UEREAAL & HERTFOLRMNTHRHC A 3,

—, ERALOEEALIEL LT Y1928 & 141 & &S5RG
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Characteristics and ratings of Mitsubishi reverse conducting thyristors (tentative).

:ﬁ R |m o om | mo o | mRaeaxiew | ROReAXEs | RELISATISY | RGRRANIGY
o OO A (A REE Ircavy A 400 250 150 o 60
o5 OE W (XA —F) Incary A 150 100 40 60
P~ ¥ (B4R Irsa A 7,000 5,000 3,000 1,200
F o= ¥ OB (FAA-F Insa A 3,500 2,000 1,200 1,200
o mEw E wE | Vew | v | VR R e S
BOROE W o L B dildt Afps 200 200 100 100
B B & W R K T: °C —40~+4125 —40~-125 —40~+125 —40~4125
TAHEERT (549258 Vrar v 2.4(1,250 A) 1.8(500 A) 1.78(500 A) 1.8(200 A)
TAMBER T (X4~ Fi) Vrear v 2.2(1,250 A) 1.6(450 A) 1.5 (180 A} 1.6(200 A)
LT T T S A Iz mA 350 350 300 100
B R ORTOBL U WO R OE dvdt Vius 300 300 150 150
E oW OBIE W (P49 aE) ic CIW oos(ﬂu) 0.10 0.17 0.40
EOW OB R W (X4~ 1) Gic CIwW 0.10(8:r) 0.32 0.45 0.40
L2 b1 I 12 Ay VB Z& v FB ZZy P
600 ]
§ FRSCO.—\XE
3500

di

5 8075 100 125 150
memaE (0

(2 b : FR500AX, RCR70AY, RCRI50AY, B 2.3 FRB500AX-26 0 2S 22,57 B 2.4 FR500AX, RCR 300 AX DiEHF:
RCR300AX) " 28 stack of FR 500 AX-26. Commutating characteristics of FR 500 AX and
® 2.2 =IEWEEE 41y2a RCR 300 AX.

Mitsubishi reverse conducting thyristor
series.
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2.2 EZFEEMEEit{ YRy

YTl Fawh HREZEWE LT, a2-uiy RO E - WEHR
122 & v)-2{ELTw 3, £OHEIER y1u22 Bt G14-F B

B3, COBE ERBENEZLDT Asx-a & LCHEROBAR
—~dildt % 2 5 Tnb, COFALY, FEHLE ToCkEWER
EENEL DT bbb,

3. F a3 v EERE

3.1 H4URYF s v EREROBESR

BEM $1922F 20/ EFEE LORAORER, BEXERD
Bk 2v1wFud IKBET 2 C 2T, 1022 BFD 2MwTud Fike
FHrEsCceThB,

ks, ®3.1 (a) iR HEROMMEIE 51928 K FauN K
HEKIROEANINTEALDDTH S, ChiE, BEMCEANT

) A% 60 A(60 A), 150 A (60 A), 250 A (100 A), 400 A (150 A) b B/ NEERE A L-C EARD AW CE 33HR vz s
DHORDL, F2. L croEEkE, M2 2K XonEzL e, WMERHEREAALE . €7, BAEHEEBROEYEES

»T, ¥, X 2.3k FR500 AX-26 (400 A/150 A, 1,300V, 30

1464

B AFHABEICITA L, BERBESNR S EE L T b R L0

SR - Vol. 45 - No. 11+ 1971




%

%ﬁ\wﬁﬁ

e

3.1 FauA EHEIEE
Chopper circuits.

ON OFF
"f’l— N =1

1
}
1
1
1
b
i
T
]
i
; i
: i
: : :
i R l. i
I | i
A i j
iy . 3 1
IR I e 4 i
Hood HE L
1 Hi L/
3 b I R
SR S H PR . o
L § T ' " [ b f i 1 1
IR 4 Y A5 Lol A ;. L o
e H =~ !y iy o ~ 1 : )
8151 s ! } i ! ! ' !
t v il | [—
T H T T H ) +
oL N n ooy
" O £ 1t I 1 lJll,
R e -y ] b e
h ¥ T T ¢! et
I H H oy i H A
1 H H [ il 1 s
i A i ! Gl
} ' !
Ry Py il : P i : o
BT TN e Jocmadppo e e e e e e TTTTT
T A N Y ¢} A i
; Tl AL 8 } i
T T T 7T
t i 1 1 i
i 1 ] iy K i
: PN i i
: :
754 kA =i [ i i
F4A4 - FRA 5 i L i
=y ! H —ir !
| H i H
4 T : 3 : T !
(a) By A Y AZRK (b) SERELEY 1 Y X 53
5 i il e oy T
3.2 FauA EHTIWENIE
Waveforms in chopper circuit.
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Thyristor Exciters for Synchronous Generators

Kobe Works Yoshiro IMAI
Head Office Akira KENZAKI

In regard to the excitation system of recent synchronous generators, static exciters with thyristors make a greater part of the
installation.  The trend of the above has been brought by the development of the thyristor excitation system advanced in economy,
maintenance, quick response and compactness refered to the conventional excitation system, and also timely progress of thyristor and
rectifier elements in rating and reliability have been performed in accordance with the trend of increase in the unit capacity of the
recent generators.

This article describes the thyristor excitation systems directly connected to the generator field circuit paying attention to the abnor-

mal field voltages and currents induced in the field circuit and countermeasure of them. No mention is made on A.V.R.
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WA R R OB OB A ® OB B BRER RN MAM M o® M A Kk ¥ ¥ O % ®OOB W B | REAER AR MAE ] M E
o P37 S T T S R A R 80,000 kVA T
kv 440 A Ak v 12.4/13.8kV 1,300 A
G W | N 150 rpm 11196 | ok W LA VIEI;SLITA 100/120 rpm 411970 | K &
pf 0.9 370V CFE of 0.95 300333 V
60Hz 60/60 Hz »k
N 278,000/263,200 kVA 43,000/37,500 kVA
-2 15.4kV 1,100 A CYOE 13.8kV 600 A
77T TUMU}; Pis 187.5 rpm 61 1969 | A RIO I‘I;{;QCHO 450 rpm 2 | w971 | oA W
SMA %3 P pf 0.95 760 V ICE ! pf 0.85 250V
S0Hz 60Hz
25,000 kVA 158,500/132,000 kKVA
NkvV 356 A - S 13.8kV 1,485 A
sEEN ERED 600 rpm ] 1969 A B SIRIKIT P/S 125 rpm 3 BE ] ok HE
pf 0.93 300V EGAT pf 0.95 720V
60Hz 50Hz
39,000 kVA 264,500/230,000 kVA
kv 440 A g o= | SARX=T 18kV 1,900 A
WO RN | SINKH T 3,000 rpm IR L ) GURI P/S 120 rpm FIRETTE TR .
pf 0.85 180V EDELCA pf 0.95 850V
50Hz 60Hz
45,000 kVA 146,000 kKVA
BHHMA 11 kV 620 A 16.5kV 1,200 A
3,600 rpm V1969 |2~y [ BIWES | FTHERESR 277 rpm Vs | ok HE
(#) pf 0.8 250V pf 0.97 S60 A
60Hz 60 Hz
31,700 kKVA 13,500 kVA
RV 760 A o W 11.0kV 370A
oA B 8IS TEEE 200 rpm Vs | ok | B W g ‘5& @ B 600 Tpm T | ok W
pf 0.9 260V &3 oma M pf 0.9 140V
60 Hz 60 Hz
6800kVA B v 118,000 kKVA
6.6kV 400 A 7 L 13.8kV 1,240 A
e & B | B R 400 rpm Ve ok w7 T Y FUTApﬁgUFU 230.8 rpm PR T T
pf 0.9 135V AYEE pf 0.95 620V
60Hz 50Hz
45,000 kVA 105,000 kVA
WO M 1kV 620 A 13.2kV 1,200 A
3,600 rpm 1 1969 | 2 —v oy | BTN | FoE R A B 230.8 rpm PRI SUEI TN Y S
€ E31) pf 0.8 250V pf 0.95 440V
60 Hz 50Hz
14,500 kVA
6.6 kV 350 A
it i K | SR P SE T BT 400 rpm 1 1970 A& B
pf 0.9 275V
60Hz
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Thyristor Rectifiers for Electrochemical Industry
Itami Works Yoshinobu OSAWA -« Junjiro TANAKA
When thyristor rectifiers are put in service for electrochemical industry, on-load tap changers or voltage regulating reactors are
dispensed with and not only simple main circuit construction is available but also excellent control characteristics and good operation
performance are assured. Thyristor rectiformers made up of Mitsubishi flat packaged thyristor stacks have good many advantages to
settle rationally technical troubles peculiar to high current apparatus.
This article describes the basic construction of the apparatus mentioned above and also the control circuit of them.
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2.1 ERpER

R LRI Yruaz 2EH L, 2 OMHflgc X 2 %K
APERERER R L C, BEE A -1 CLEEE LT A B 2.5 )
uihd X OVELETME vro by 2RI 2 B, 1967 4ER1%5 b
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2.1 10356MW 230V 450 kA #1922 LoFI4~2
103.5 MW 230V 450 kA thyristor rectiformer.

£ 2.1 41Y28 LoF D47 HIASERGHE Supply record of thyristor rectiformers.
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AN - ¢ M " R 1 2,800 140 20,000 ZIMR® 6 pegiik Nt 1968 SEBHA D R AR E o 2
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§ BE 1] " g; ok W E 1 103,500 230 450,000 ZIHEE 24 41 =k 1970 TFRHF A R E » 7 EH
B B OF (M m B ook BB 1 4,500 150 30,000 IR 6 4 biliibada) 1970 FRAA ) 2SR Z » 7
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3.3 3,750 kW 150V 25kA 419242 LoFois—7
3,750 kW 150V 25kA thyristor rectiformer.

* 3.1 HHBEOR
Characteristics of cooling media.

e HIGE B - . ;
Bl (60°C) T gl SK-2 | "
f S 7(kg/m?) 842 1,300 983

€ IE i # Cp(keal/kg°C) 0.5 0.3 0.998

5 IR g (kg/m?) 7.47x10-4 1.66X 104 0.48x10-4

. IR v(m?/s) 8.7x10-8 1.25% 1076 0.483 10-8
é # M #E A(keal/mh°C) 0.105 0.1 0.566

A
BEERE a:a};(m?’s) 0.69x10-7 0.72x10~7 1.6x10-7
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3 CTE D,

3.4 FEHERF

FEFOME C L > T ZHEWHEH kT BEFETR LT DC
700V HETHEETE L LS ICAh-TwE 33, THEWEH TR

3.4 Y1U2R LIFoa-7 B HIER
Cooling equipment of thyristor rectiformer.

3.2 myryas 5 85 B U R A

Standard series of oil cooled thyristor rectifier.

SHEBKBR | ZRRESH | A BT E mm |
® a [CRER g g JEREA W | p | @ | ke

CQ-1W10C5 | 18,000 | CQ-1B10CS 2,000 | 2,500 1,200 | 2,400 | 2,000

CQ-1W12C5 | 21,600 | CQ-1B12C5 | 10,800 | 2,500 1,200 | 2,700 | 2,400

CQ-1W14Cs | 25,200 | CQ-1B14C5 | 12,600 | 2,500 1,200 | 3,000 ;| 2,800

CQ-1W16C5 | 28,800 | CQ-1BI6CS5 | 14,400 | 2,500 1,200 | 3,300 | 3,300

CQ-1W18C5 | 32,400 | CQ-1B18C5 | 16,200 | 2,500 1,200 | 3,600 { 3,800

CQ-1W20C5 | 36,000 | CQ-1B20C5 | 18,000 | 2,500 1,200 1 2,400 | 3,800

CQ-TW24C5 | 43,200 | CQ-1B24C5 | 21,600 | 2,500 1,200 | 2,700 | 4,600

CQ-TW28Cs | 50,400 | CQ-1B28C5 | 25,200 | 2,500 1,200 | 3,000 | 5,400

CQ-1W32C5 | 57,600 | CQ-1B32C5 | 28,800 | 2,500 1,200 1 3,300 | 6,400

CQ-1W36C5 | 64,800 | CQ-1B36C5 | 32,400 | 2,500 1,200 | 3,600 | 7,400

BRULFIH Y1y2a 3@ - KR - [
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Constant current control panel for thyristor.
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Block diagram of constant current control circuit.
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Gate pulse generating circuit.
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Typical efficiency curves of thyristor.
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Typical power factor curve of thyristor.

& 5.1 BRB-KEARAKSAES

Harmonics contents of rectifier primary current.

5 oA oW 6 MW WK 6 B A 12 B WO 12 8 8w
@==9° @=56° a=:10° a=230°

& # u=18° 7= 6° 2==18" u==8°

W B 100 % 100 % 100 % 100 %
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7 ® 11.97 14.05

1 * 5.74 8.75 5.72 8.30

13 w 3.90 7.28 3.88 6.75

17 w 1.66 535

19 & 1.03 4.67

23 ® 0.82 3.64 0.77 2.76

25 w 0.86 3.24 0.86 2.29

29 ® 0.93 2.59

31 i 0.80 2.32

35 74 0.58 1.86 0.60 0.67

37 g 0.38 1.67 0.42 0.46

41 73 0.27 1.33

43 /3 0.16 1.18
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2.1 CSE Ji 200 kW AC i) 4112z S5k
Type CSE 200kW AC control thyristor converter.
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3.1 ACHl# 25w b
Single line diagram of AC control thyristor converter,
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BIE SR BT
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7 e /\’\\ B ™
EHRENEE B
T4 - FBE
(W1B) Ey,

A C SR
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a=0" 30
R 3.2 a=30°cEi s B8 (AC HIE)

Voltage and current wave forms of AC control type
(at phase angle a=230%).
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® 3.3 AC #ifHic &7 3 HEFIEA & Bt REEOBR
Relation between phase control and DC output voltage
with AC control type.
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® 5.1 ACHI#H v1uzra A &5

Interior view of AC control thyristor converter
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A Hqy222R00 REEEN, 20T N X > THEOR
W &b CEEEEAATE, Lo TLD Y1Y22 O F
—b LWt BEsE e Lo ARC L, T D DR
BERR E b TEE L IR TS, T4 wF BBl La-A & D
HHGhE, H5VIE J~ta-AFL-n FHCTHERERE T X
 aufob K—F{bEh T3,

e - FIEEEE I 2o suTaa 2 IC [lEE -4 ic BEGE L,
Solid State {LiC X - T/MBIL X3, 1zwbh-Fozse REML, {#
Sp - Al 3551ualS CHRICESTH S, ,

19z DC [T, BIESE G3kV #1 66kV)
B - Tl Y, WMEERMICORT X 5, SEZEM - Bl
RlZsEses X O 4128 BREE0 T Ehd Bl L Tl h
%,

$1yz2 DC filfsesiagid, AC hlfagmgoitk vy-2 & L
TONEBEHED X 51ciE e A YAUBRICER IR TS, TO%E
BOREE, EESMAPIEG L 250 T, KEMRGHEEE B
L, SEB 41924 2892 2840 120 F T CEE LT aviot il
HIATHR TS,

TD Y122 2892 1%, RARFERT®EhEECEELTY
Ui wF R HHF R ¥ 3, coBHF OMIRIcEHIKETLA
LTRR R B HAE LN T WS, EFE, SAVKCERRC 5k
HEBUC > TR B DT, B3 ARREDOTALTH S, HiE
. FIHSEE S X O R D RER AR & Y, HiaiE T
B RIEECHVET 3 L 5 IC SRR - EEE b S
HaE A, BIeORELHIL, BWBROERY Shield,
Separation, Twist DFAI%ZEHRL T3,

72, AC HIEHAROBE LA oy)—4 & LTRERMG b I
BOS %, 1wkl Jowr {bERA b OFEAL, M CBEEL
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Th guawd EE 231X (Bweh) EELERCLE, TO
k5 eiED vy -Zdiext LT anw b b - Jowo (bR —F 5 22
Lke LTE¥b®T aufior KEGETE D & & dic, HL - fRSF-
BRBICHLTEE D Aot RITH U T ENTE
EMNIFHETEE L, B E DD THSAVBEREOTEAEHT
HRxRs 0T, HHGTRAMEECT L CRERZERC 2 5,
#4242 BRI T, AC i - DC HIg AR e & b icmHZNED
By ChakaReRAL, SEETE & U OEREE - ta-A
EEsks ek & R ENRELET S L CHRTATRIER -
TS HAR RS, B ERAIE X L, fa-Eon ARSOHZD
BMEEY DAL T D o 2iCk o THLAHBRM X 2382 IR
LTWE, ¥k, KBRLEMNOMFRC X ZMERESERIND
25, KAk R O 10455 k2 3 BIBEIEEE b LK, M
B0 FEE - TR D & 0T I ) CARRREN R TT R,
TR0 FERTE S W CEER OERC b E W EBREAHFTE 5,

6. % & @ B

Aoy-i LB 3 EESBEOHACEMERD, AC HIfT =
FHINTAS 2, BWEROEA - LeBid 1922 D F-bAL2
» ON.OFF i X » THAabh 3, ¥k, BESEOGAICIEEE
BICEE 2uaor v 52, BEEROEA - LeWRRIC L ¥
—FALz @ ON « OFF ic X » Tftabh, BE 1var7s REERD
REECHEAEREE TR S L5 LR o T b,

EWET - AWERO G, 7~z O AHC X - TfTa
b, WE, Aot B A & OB CX BEEBIESS
&, TLeS b ALEEA FiICE T HEEBEEREL fTabhT
e

frARZEER T, AC % - DC gy~ 37h d EKRIERR O WIT
FEEIRSIC X 2 BIE Jtw bt BERA LTV 3, Thid, AR XS,
BIE—MRIRIC X > THARZIRE S h b 2w, HEEREBOL T
K LDHELYE o BT, HHEERERFR EIE TR D,

AC FIHRCRIBE Ava 2 2BEE T2 ehb, P50P22 &
RN b5z DEHEhEIC X o T AR IEEIRT 5 C &l ALa
%2, DCHIEHR T 105 DEHEIR X > T vz &
#fihoTwd, M6.1 1, o AC §liHHNIC ki 5 EiiikE
DERGHTH 5,

wic, ACHIHIC 31 3 HIEEEEY EE L TH 5,

(1) =48 ACHIE 91z BEO SARGIIE, EHAH - BE
PEER O WY 120° p3ich 3, chit, SHEOHEBEDLA
PEHEC LT a=0 2nb a=120" ¥ CHlH ¢ 5 LERD 5,

by

4

7 TE%
CC-E2A

L“”*{“‘__%Et v

° CC-E2A | |
& 6.1 iR Jowo M

Control circuit block diagram.
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7.1 K& ESHERAER
Outline of recooler (W-W),

R 7.1 -k A
Standard series of recooler (W-W).
TS~ W & | GIM®E-1PH| GJISOE-1P | GJ-180E-1P
B \\ GJ-10E-2P | GJ-I50E-2P | GJ-180E-2P
& A E & kW 30 50 80
SESHAR  Jmin 100 200 250
WRHEHAR  Jmin 120 200 200

) HBEAKED 1P 30 2P 2, Ky 7OAMESLbL, FHwy M
AKLDEEE 2P EED.

7.2 fzb IR oG U7 Ve R
Post type remote control box.

(2) Az Dz % HE, HEEOLAY a=0 & LT a=120°
LYILIC 6 BNEL ZHE TV B RERD B, Thbb,
M2 BIBEKBABE ISR CTw30C, ALz Bk 180° »3Hch 3,
RO & R HIEE : OFRE, 3. 3 KFi Lk,

7. B # 3

7.1 AHKBSHEE

ARE AR, BHAKD A - Ak & B SR R b
EBRXDO OO AED 5, AEAEAHE, KBrRMAELT
SHZIRAME L2 0 e L, BEEOMIEC RS 40 345
FHD Do GHKD HAGHY - (4o )% - ETRYARE 5 55 L ndE
HL, BEARELLAOBE, &5 REiEmalrsks e
(i, g EERE I LRSS HEER Y 1 558 L, B
KREALRIC T e TE S, BAHEEOME k) -A 2% 7. 1
ICRT, AT, R7. LicRT X5, ¥R 0rois
& FHALT B DHBPIALEES L O 2 R/INC A D,

7.2 SEGERER
O IEE ORI BT & WIERNE & BT 35S, Bk

BREOEAMIEOHME LT D THASBRA YD LD,

B 7. 2 WCORT BARERSER I TR 5, RO ISR,
o J53 - FEIC X - ¢ Optional R 7 5 23, Bl X

> Thab B« BEAT PO 2HEAREE T T T 3,
8. £ ¥ U

BLLE, SEEALEEH] 41922 BHEHE D PRI O BB 3 500 U 23,
FEAH 5o+ A0 ST - GEE - FIMEAED bhTw3F
SEICH T, PrUza BRICEWTY, 55 - sBERE 254
THORE 23-2 - B FEIHO KR LR~ & REEASIC
5o

COFRFID H1y2a WA, ThbOGEBREETE L5
EEINTEY, HELE I5o+ DIERILE T > CEBES LT
Hanz o tafigrxn s,

T RN A A A SN AN NN NN LS IS NI NS NN N N NN N 3 N N N N % N 5 i

SEERTENEA ZHSEE - 850K - 0T - iR
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CVCF ozpaE

HF

CVCFn4hRs T i BENFOAE 2 2

FREG
X 2.2 CVCF oo
Relation between inverter efficiency and economy.

CVCF DR, 2256 D b-aLaz M CKEPBLTL BT 2T
b5, XOWPWOMTEE 2. 210RT, $hbb, CVCF ogk
DR TREBMBR DRV, A PMLTE 30T, BRE
D J072N-2 DRBEFRA Db I b, Fh, REEIEL
7e®, ZEFRMEAKBICHIRTE 20T, Zhicd k5 RO/
AL - BMBEA S e b X h, SRMBOEBENF X URHkoe
ICRE S ERHTL 3,

4k, CVCFOAENKE L BBICDON, $TETLORHL <
KREEAERC RS L Ebh 3,

3. CVCF @y x5 KRR

(1) kg

& 3. 11 CVCF D3t =,

BBEDOE va5s #EET 280IC, %9 CVCE Afho Ak
WEBHL, FRICRG - HREBRUATHES b2 W,

T OIS TRE B &, KICik 256 DEFHEZH L5k
BIC CVCF @ fuored 2B A hE AL % v,

(2) Rwors? Ao

Roo7wT OYFREGHE S & BFITTEHR & kM xh s,

— [ ) 5% 197 4 45t

— | IVA7E Y B R )

—H1IRIRA wF——H B ﬁ)%}]‘}iik“—r ZEVIEIE I

T —FIh EI T

—HERFIE L 5 } BETERIES

— A FYTLE S S [F T

(3) 2vsos Pl e H1Y28215F B

w8 PG RXORER, MM TH 520 BEEAE <, &
HTH S T 2THB A, CVCF ihiF UHRDIZICIE 29101~
W10 DIFHI% & b 7% 50T, BEEMCISARFELLCL
EOTEBRATH D, Lil, $ohUSTHELTICE 25 X
SICANEMEL T, colREFHTEEED PR AW,

YA1U2824 0 F GHRO FKHEIE A (CVCF 0 1% #ic FHin
AL CREIC BT 5) R SIS e s 3
CEBTED, Lnl, CDE &L CVCF o CF A8 %L & 5,
CVCFIBRERIRE 5 & T3 &, FlHe OMHEEERTIHTH 2 2 w,
WFEIHIE 0.5~ 19101 OBHSEIR E 225, LaL, Juass G
VIR ERICETHETH B 50, BH T LELELAVE 3 1C
BRWEIET 2 C2REHIC A B, TOXSIC 128 GHEAHR
B, HHELE 2088 HRI DT CRTVEE, H192331wF B LIS
Z OHIEIEIE 2% ) FHIC % 5 o, EEEOEBRATT L5 IC
MTBF O fclAFITH b, 2 o88Ic $ RFlIc £ 3,

(4) Roore?d BiE

Ro0757 B E LTHE, tsuz, IVR (BEEHFIE), CVCE,
FEAVR BEZ LN B2, T BEY vudL % bsuzr & 1 IVR
CF2CenmFEhs, $ic, CVCF gmsic SHRLILIE R T4

IIFE « i oars OFFE - I - B

% 3.1 CVCF S0 MAMK
DC-AC system and AC-DC-AC system.

% o | oI
CVCFHERO <y 7 28
Y, 7rvtasy e

A4 5 0T, LT
DCAN ———F 77 v ACHH BB, STy R
P2 CVCFidase VBT
Exr>rsaT, CVCFR
SHACENZ Bk ik
sy, KERETEr
o TAREFIZ L 5, Lo
THIBORVALLF A8 o,

Al 27 2 (DC—ACEHER)

CV CFiEHMiz ACEai
B PR e =Y Ny F

ACAT) /I;):' AR — ACHIH L., ACEEBCOaL <, F
w/"‘”ﬁ‘—’ VL EET B HR LT,

DCAH CV CFiarty 7 o8

EIFOFGTRLE 2T & & o

BB TE s, Lisr

2 T2 S0kVALL R+~
TIHRXEHAL T3,

Bz 2.7 £ (AC—DC—ACkERR M)

CVCF

P ]

(a) a>¥ &y 2URE R

CVCr
ACH

B2
]

TR

¢
AN
(b) HAUAZAA » FYHHAR

E 3.1 et

Transfer switch system.

A N—-2%
ACAT] 7B f——{ v ]
U o vRRS l—-—*L -z

(a) BPF.> 257 4 (BEY A T A0 % FLER)
A FEdn 0 Bk

9'}:‘/§§;ﬁ2§‘]~————L LIk
ACAH 2E ]

AC

] HElss

(b) BPYfZ> X5 4 (BRZHFI A 7 4+ F{HELE)
?’f{ﬁ@n%%ﬁé D
3.2 WFINE vass
Parallel redundant inverter system.
2kt ¥, SAMARRCTRERCELOC, A 1uf-4uaiC
IGC 7 BER T2 435 45, CVCF 4% AVR (P95 1o t—5u2
PHEKE wed, COBFMETFRKAEC, eI % T4 -
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—~ 50
E 40
=~ S0KVADCVCE 7]
= 30k 2 _IEDKVA D
E CVCF®EH
S
20 -
¥ 300kVADCVCE
# P
=
2
5 10

I il H 1 [T T | 1
80100 260 300 400500 700 1,000 2,000
CVCF DR . (kVA)
3.3 @ik s CVCE AMRDR
Floor space and total load capacity.

150kVA

=D

» 38 @ A7 Z 300kVA

7—————-{I]l]l

Z

f ««m—%@— B7 2 300kVA
»«—m—@—

2003 T21 )
soou " -

B 3.4 43 BEAH0H
Double bus system.

ZEHRAARRDCERDD, ak, THERANRKL VMO
BEE L\,

(5) ¥FHEIEFEHX

B, » QI AWIESIC XD tustovaTs AERL, 08
JE> L, CVCF 0%FINE vass RELERINBI XS51C Xk »
CE%, COFECRLEEAOE, CVCF ORMBAROREL I
FIBHMOBETH B2, CHEED X5 ABEREEBL TRO %L
TEALRV, a) &K b) EAER o) fPkEE 4) &
SFEMBAOESE, ) g ) Mk

e D v, CVCFOREE M OBIREMS C LA TE
niE, EffCEEERERY B LA TES, bbhORRIC
I, 2~4BWFIREIRENTHD Lo IEbRS,

wiC, BATRECHBA, ’3. 3 e—FERT. chic I,
BERD T & BEL Do

(i) A2 I150kVA LTFO L ¥k, HE0KkVA OfIE¢
(i) 28 150~300 kVA CE, B 150 kVA ofiaE

(i) EEA 350 kVA L Lol B#E300kVA OfGE
SR8 ic 1 100, 125, 200, 250kVA 3 HEZ N TWE DT, ThbH
BECAES b HERE, BTd2~3a8AFnireELLN
5. SSEICHEE O TR D BB AICE, BRTOBFIERE 1
~3BETRETHD, Eh, WHERHEASVE, d) HEFIFHIC
RECHh B, Thabb, R HERAEHCLY, ENRETFEE
F 31, SEASNIE  MEREORRIMNT 50T, 5L
DR IZ 2o TH D, e) BOEEED Hcl, EHE2E
WHILLED B DRIEE A ERERNEEL D, ) HOMAERER
Br, WL 1BD 1ui-3 2800 ETEREO AffnFELOE
B DR T B oy, WHBRBZREETTHS, L
L, ComE 2aVFlrelEgREo & 2Ty, MIFELR 2
SPa—3 AEMELAWBECHL 3 C LN TEDOT, LRy
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Py 2 BAROEETY 3~ 4 GHFICToaye#HlELd,

D EOERESEE LT, Rmn BRETEFIAH 5~ 6 AU
Tk s X3 cEETRETHrLEILND,

(6) s BRI

BB D 45100256 T, 23256 ? Juta-s i EA—FH5
»TabeTwBHRD L, TOLSRGEEIC, BN D TR
I3 HEE N A DBEREICHKEL, TS 2R/HKCHT 2 S5
EHE AR, H5HW 5 EE - ARICH LTREO BT HT 5
DELTHELLWTHS 5, FlRR 3. 41ICKT, '

4. CVCF B & HFECHE

(1) ZERHORK

S, 7 b A EIEE OB EE R ERT 5 T R
SECH Y, FEEARBEERH-oTRELIHTHAKTS D,
%%, SEHRATBEROBOEECELRVCEERE VA, T&
2 RO EREROSEHR LTS C e Rt E NG, ke 2l 1
[l » BR% 2 BRSEL OEEERHEL TR b L,

y =T EFAZEITE & U BRIl s
Mg = AERETE D HREAS T 5 BIC LI % & B & A MR = e
b DR
I=Fx#c s & (km)
£= { AP (]
LT, &K% 256 OEEE RE) B, R4 10X50KR5,
roELY, 2EBICTSET TREICEI RS L ERDbR D,

(2) EEHS DMK

HiC B T B R B CHER L ) FEH~EREINDIOT,
COEEDD EEECI PRI LERD D,

Thbb, B4 LCRTIIAEESFRERDS Brkias
MKEW, COETR sl AHEEEL TS, A%k BERIH
B2l T b F CVCF ~@BAHMHE b L5 % vAFs Ko T
Bh, EEEEEEICLE D,

(3) CVCF An#poiK

%&fﬁﬁﬁﬁ%ﬁwf%kof,cc%%@ﬁﬁﬁ%%<ﬁ5

%= 4.1 1[EGe 2 ERTEOEHEED K
Reliability study of power system.

e L QMG T GFB)
AT LOFEN R(t)=e— i+ 1aM R(@®)=1—(1—e— A +ia))2
Ay =0.01 [@/4%
A2==0.001 fil /4
[=3 km R(t)=0.987166 R(2)=0.999835
==} 4
LFhe

CVCF~ CVCF~

® 4.1 280BEEuzss 0—H
Two bank feeder system
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B 4.2 CVCF AJIELAED B i & T
Good example and bad one of CVCF inverter input
cable connection.

£ 4.2 Ru7y OLEE (CVCF 200kVA 5438 5°C)

Comparison of batteries.
= Aw

Mamue

o — ALOEBMTR | BB S Tk T Ay

Fad ft (AH) 1,000 AH 1,400 AH 300 AH
L B (enr) 110 110 180
BHERLAE (V) 240 237 245
BAREERMAE (V) 264 264 270

E5] & 2,550% 2 4,000 4 2,770
B { [ 1,258 696 1,300

b K 1,370 932 1,700
% B (m® 8.8 10.4 6.2
AR+ )Y it 7id 4.6X4.9m? 6x6.8m? 4.8x2.9m?
B OW &/ (b 7.5 14.4 4.1
fili * =3 100 % 180 % 260 %
7 ar 5~ 74 12~15 45 15 4

BER, TDORHEECFIE 4. 2 K77,

(4) AozY @ 517 & ERRIBAEEC > WwT

Koz 1, KIEFEEA 3D D, BOBOMERDL, 4. 2
BEhzEeHiboTh3,

BAEDRIGE LA CVCE DB, 83k & A & AR AT
S, BEIAERIN T OT, ARERNBLAIETICS  f#
bhTrd, T, FHEEOEH o1 & BloHasITRC
e, BEICUEREL, WERACADTH B, K, FEAHEH
CEEAMBEICE S & F i, BEWER 7uhy BilbAIERICE L <
w3,

N B OBEILORRIEEL, BTE X CIER HREROA I X
2 ThARVERDEHR, 5956 LEEOBTHEIRLTWE,

LA e LTIERH EG OfEEtk % T, Kusy 5 ~15
DICHEET 2 eBE AL EEDRS,

W 2 5 D, BHOBEER2 VL bIKT 35 TH S 2, H
HCi: 10~30kVA o /hEE#IE DC 100V F& 1, 30~150kVA
DHRZA I DC 200 V 35, 150~300kVA (x DC 300V % & LT
wh, TOWHERO LBV TH B,

WEFBAE o276 OFE - )1 - B

(a) =7 nqzis: BESH S ThH ., $DESETD

L CEREITE 5.

IEBCBECL . TR
PR YT

A F

M 4.3 53¢ h %

Output transmission methods.

. IVR
i\’x;m
o
CVCF <o A%

B 4.4 fAEd 3ARCRET 256
Output transmission to distributed loads.

(a) DC 100V, 200V g, —fsiZAHO#ERHL 30T, *
A K E R TRARVIED, 22T L,

(b) LaLl, 200kVA Lo CVCF i3 DC 200 V ¢/ B
KEL YT EZDT, DC 300V %iR/H3 3,

(5) CVCF s

CVCF o HiNBIIC DT b BIREDOF L2 M2 BERH b, »
DED AVE-F2 BB TER T PP BELERD B,

(a) XkEREPEMICxLT

I BiRHE Azdor BRI D B, B4 3R T L5, #RE
NWRHES S 5 235, R (100m B k) ekEH#R (100W0A B L) o
ERICETIT L Azdor HEBT ChTwz L E45, CVCF
D 1Z i, BEREMTEHHET 2 c2RTE 52, AMERE
X LCRBRBE A WOT, BFEHRKRE L, L bEaAaEE
EZEGIER D E AFICH LT, 7-I1 D 1of—4uz BT % I%ic
PMELLELSTRARLARV,

(b) pfEFLAMNCHLT

HESoRGCR, ANADERT 22D, 7-3L BER T4 &
ODTHET 2L HBTERV, TOL5hE ER, 4. &4 R
o, IVR #Hwa kit {hcns,

IVR R ut-suz AUNE Q, (BIEMEARIS 2, ZiTH
%,

5. & ¢ U,

Bl 4ERTE~ I o250 OFEICH 2 b, ST~ & WG H I
IE 7, TONEE, K¥BDHXHD CVCF 200k, —i
CHTREBTERLTHD EEL B,

Ll kD@ ic b & 2 ofd, EG ¢ EMOMMmEmE 225 -
RO E SEROMESOS C OHIFRD 25, HADCH
BTHME T D% L AD 070, &ILHB, 4%D v2576 STEDBEIC
EREFETH B,

BNHECH ), BEPIUCEHBEFESEOZ 0THER L 2
ETHNREL, CTIELIBIBL LT RETH B,
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UDC 621. 316. 72 : 621. 312 : 681. 14

BEOF VA VHEBRBRERELARERE

HH %8R AR AT SR Bl B

The Latest Non-Break AC Power Supply for On-Line Computer Systems

ltami Works

Head Office Yoshitaka KURODA

Yoshiaki MASUO - Saburo TAKEUCH! - Ryoji TORIGOE

Static non-break power supply has taken great strides for these years and its capacity has kept increasing. On the back ground ot

it stands extension of the operation range of electronic computers so much that the on-line system has reached its zenith of its application.

As the level of the computer treatment rises, the system turns to a large scale and high reliability comes in demand. To meet the

requirements Mitsubishi has completed non-break power supply system without loosing time and sent it to the market. The first large

capacity units in Japan ——4 sets of 150 kVA sets in operation parallel all the time—— have entered into commercial operation, while

another set of 300kVA in a single unit capacity has been brought to completion. This article describes the outline of large capacity

non-break power supply systems built by Mitsubishi.

L = & 5 &

FU28 1ufi-2 IC & BEILTE EEEx FERE, < CHRERI
REORMUEERL, KERELO—BRELL>Tn3, EDOHERE
LT, bAREFMFRCE 2 OB THERRARECA D, BB
NE AR AEEEL, FIFHMENLEALT, 1usto I7L816 7-2
NE a7 REERERT B A e iH b, BEAHD 7-2 #@F
MoKk Y, coERREFETREIhIcLichY, F
CICEREAE U CHEBAR 300kVA TR b Yk TERE
NEZCES 72,

T X3 ICKERECEE(L L A BHE var s ik, BEREO®
FEAFEEERVBERL ARLEE DO h > TE L, LBtk
T, »hESLZETFIHECOWTHED > 2, ERBLOA
BoMEA¢BBRLTAY, ¥xBHEBOAEOEEN - BHROBA
IC & B BEBOMB - THICGTLTE, »oF b BEEOE ~#IL
% YFITERER B va5s BHEFUC X & 1T CTHREL TR
FTTRHE L OWFITEER va56 KEEERCE - TEY, I
FBIED =38 & L CHifr & ST U o

coTlE, FOREWEMFE LT, 150kVA X4 £yt OWFITLE
EEE A 276 TR L, X OSHOEIEINMEE « FiEE
DH Y HLo2nTik~ 3,

2. BBTMEBEYRTLOPDEHE

Austy UPLa1s -2 B vass BREELL, F-2 A o254
DEEHARTIC LR, BEE s BE S, AvFuass B
HH% Aus1u va5s D RwdPed €35 vazs BREDERTS
b, BREEBCOWTY, chooBEed LTREvaTe &L Y
EEEOM LY M LERDZORMRDCLLEL D,

¥ 7%, ERETAETREEFREN, BEORRE: & Y CIHA
MNERLCED, REEOEERELISZL FHLEBRWEST
Bb. BHEEES D E=ROBERE L S0~ & HEOLE
HE, 5 VREEL va5s DBRICK o T €51 DA TEL
ECBLEBRETE EELLNRD,

2h R EBCE W CEEEY - BFOR S - FREOEE vaTs

1488 A W¢ GRUEET

R B &, Chb R R T E 5 O kYR IEE A
BETH Y, »oMFINEEE vass DHTHD EEX b

BHITTETE v270 &, SiE 0w BIE HHER 2 R EhE
iExa, 1GOEEEEAKRELTLERCRRL I EL, &
B 56 CREER BEA ML CHRTER0TH Y, B
BoOMEYHLCERTESD,

WHITEER v256 13, % bCEBEOEREEL WICT 57
W, SSEORHELERD FANRECTH 2 & %, FROBHBOH
BARICH L CEREBICERER ¢ 5 CepTE, HIHO
DEAROMINC Sbe TERER VHH L THIICL TV L
LRTED, —FlRHTE L, BHEEv2rs OHRIC I Y, THH
%@ﬁmﬁmck%1$¥&W5$ﬁ&$@$éf%ﬁﬁﬁ®%%
RITRbNFRED 5,

%&OﬁﬁEﬁﬁﬂ%ﬁﬁﬁﬁ,Nﬁu&ﬁk&m%QD%ﬁﬁ
E&Nﬁuéﬁok%ﬁﬁﬁ(?&bé,m%%kﬁ)mﬁ—Oﬁ
BEEEHEECHY, FLoREHTESBOTHEhD, B
B AR EEEA G T Ay R LTHERAL, STHE L
T RwF) - TEEFZEMLT, TAabbmEE~FEE: LT
WL, SIS LT, o ErEEEEEy 1REBNLT2AE
HFLEGEO WHITEBR o276 i€ L, BERETEBORMBERCE
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® 3.1 150kVAx4 & %35 EEFEENEREE

150 kVA x4 unit constant voltage constant frequency power supply.

T 5L Fo-fL RBEEAEIEIL, —REMICH1
STECEEARET L CTARMICRE IR 3 25, 90 #%
TH Fa—t FHEBERFEREE C L CRIICHE
BLEAVE 2, BREE 2256 DAD AvFuz
54 BEIALED 5 2 TRHEMEIE X, Fusto oz
s ICEBRMIIC Avz) X DIBEINS va5s KL,

Fo5To vaTs O Aw7Y X B EEkER % & <
F3X5C Awr) FEEFO LN TEY, Loy
254 1T X > TRERRIX #9 20 SRR EhTw
Do

SO S TR SR ORI B RS

P A RIF A ORI ¥ bic Av7) - RE

7% - THEE - Sty REBORERRTE h

BHERRATIRCE - TE Y, BREEOEHCS

FafmrEond X5l EhTnd,

X LICMEEAIE o256 & LT, HHITE 254
I X - CEBFE B EREERO L A28 LT

b D 3£T 100 GWEMCHELERATE S C L i
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Skeleton diagram of non-break AC power supply system
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Sudden load variation test.

Power stoppage test.
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Sudden input-voltage variation test.
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3. 6 ATEHEHER

Output-short-circuit test.
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Combining and dissecting of one unit under parallel operation.
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Artificial failure test.
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AC Motor Control with Variable Frequency Inverters

Takao KAWABATA - Eizd KASHINO - Hideaki TOMEI - Sadanari YANO
Masahiko AKAMATSU « Masayoshi KUMANO

Itami Works

Central Research Laboratory

Thyristor type variable voltage and variable frequency power sources used for the speed control of AC motors are applied for the
driving of a variety of industrial machines instead of the speed control of DC motor with Thyristor Leonard. They are adaptable to
the operation of high efficient and smooth variable speed drive system which needs a wide range of speed variation, and can be used
for machine tools driven by such AC motors as squirrel cage motors, permanent magnet type synchronous motors and reluctance motors.

This article describes a standard series of Thyristor type variable frequency power sources, test results of their combined operation

with synchronous machines and induction machines, their control systems and remarks in the operation.
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Equivalent circuit of induction motor.
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Characteristics of induction motor driven by variable
frequency inverter.
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Method of voltage control.
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Examples of commutation circuit for DC variable
voltage type inverter.
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Commutation loss of various inverter.
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Systems of main circuit.
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Single diagram of VVVF.
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Output voltage and current waveforms.
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6.3 ZUENHRERKOFv0I54
Oscillogram of induction motor under normal operation.
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Oscillogram at interruption and recovery of source.
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Voltage and current waveforms of permanent
magnet motor in hunting.
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% Voltage and current waveforms of permanent magnet
E motor under normal operation.
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Starting systems for VVVE.
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Speed Control of lnductlon Motors with Cycloconverters

Itami Works

Takashl YAMAMURA - Sachiré SUGIMOTO

In the field of variable speed operation of motors, DC machines are predominantly employed because of relatively simple speed cont-

rol. But the recent development of semi-conductor technique has promoted the study of power sources of variable frequency.

"As a result

variable frequency drive of AC motors from commercial power supply is about to be brought into practice with good controllability of

DC motor retained. Of AC motors, induction motors have marked feature of sturdy construction, inexpensiveness and easy maintenance.

Mitsubishi has been successful in variable speed control of a 100 kW induction motor by using a full wave cycloconverter consisting of

three reversible converters.
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Speed-torque and current characteristics of variable
frequency controled induction motor.

LY, —REZROBRIBZ BT 505
Ilm(f’*—ﬂ) .................................... 1.6)
BELN3,
—7, SAEBCET 5 ED) Ly 23RO 5 &,
E v \2
Tmquj—x-i « (7> .................................... @7n

C Lo T, B o REEEEeE L T—E e Aa D, KA.,
(1.8) BT (L.7) X b BSOS - by - BrkEE, X
Lloksehs,

1.2 H4rnar-<—5Eihzt

$1200vA-2 [, —FRICKRIRERER 2 238 e+, 208l
MAMACH B C & & BAFERESICT AL 22 EDKERFIA
2B B RM, EHETHEC, E iR CREBEICELNE %
EOEbH B,

91000u-a (5, HEBHIRE b LT & LT D, HIE
HRIC & > CERFERAFEZHERMCHHEN B, bhbhoX
BClE 3 & 0TSRRI X - CIEMIR S37% 410000/-5 %
AL 7o BEEMBED ORI, EETEO EREERSA
FITH Y, EBYUERO 100502 IC & 5 EEE * BFRlC %
DIEL T2 BEAD 3,

1499









10Hz 15Hz 20H; RN
1,200} z 15Hz 20Hz 60Mz
1,000 - o
E bz
a00 - 1,430 (N~m)
B
E 700 {rpm)
i K
=z 6C0 |-
™
=
- 400
200+
i i 1 : 1

0 2 70 60 80 100
’ EOE (%) (720rpm)

b

® 3.2 FUEDROBE - ruo Feid
(100 kW EIESEME)
Speed-torque characteristics of induction motor
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Oscillogram of starting and reversing characteristics.
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Oscillogram of voltage and current wave form (15Hz).
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Compact Computer MELCOM 84 Magnetic Ledger System

Kamakura Works

Yosiaki KATO - Hideya WATANABE
Takasi YAMAKAWA -+ Tadanori NAKAMURA

MELCOM 84 is built based on MELCOM 83 added with a magnetic ledger processing unit, being able to process the ledger for

storing historical records. It records magnetically on the ledger necessary data for the processing and operates to write or read them

out. The magnetic ledger is provided with ledger cord, on the corner of which is formed magnetic film by printing, coating or other

method to permit magnetic recording.

Now a system has been completed to feed the ledger at a definite speed by means of an inserter fitted on a typewriter and to

perform write-in and read-out of the data on the magnetic stripe in the ledger with a magnetic head, so the outline is reported herein.

L % A 2% &

MELCOM 84 i%, /NEE T35k MELCOM 83 % JiAic L,
CHD 247518 LCHEKQTIER Y BB2AMT 22k, B
SERIEERT 8% 2 Bl 5 TIRAVE A RTREIC T B & & bic, TEIRILENIC
LE 55 B ICE LICRESINESRS TE 3 va56 TH D, BT
BE& &, —RAFEHSC T 5 BRI E 2543 JRICE]
MU7bDTH5, < OTEEBEKITIER D EIc X ) —FiEC
%D, CORMCBKTOES D BRICRHT 2BR vl KXY, T
DMK 2b517 R F—5 DBRAL, H 50, SHLEHFAES .
TR L O SETMERSTERD o1—of1ub ThokRBAR TS
MEICHER &€, SREOEREHA & OASROFFHE AT R
EEBADTE R D> ZEHORE AR WEICT 2 & & b, ToiE
2B XA, BREMTSEPRICRES Cc AR TEDLLS
%Y, BRSSO BREBOMEERATS C 2 iCh o ke AT
B A-to17 2FLKLT, =0EE, H8, BRSTEAEERD
HEC oW THET 5,

2. ¥ E

MELCOM 84 1, IWicib~<53 Lk 5 AZMMOMKELH > T3,

(1) WXTTIRIC X b Rk TOELEIAR ¢ & 5, FEIEICEIR] & h
TR 20517 R 520 J A58 c¥ 3 0C, FEIEAEC L n
W O-F A COBEEEE, HECREAYoLHEIEL, ch
b F-5 D AMNBEEICFTARDN D OTEEDE - TTIRLE A
FIHETH 3,

(2) BITERTTERXRYERCLY, 5 A, HH, IESD
EREBANICTE B,

(3) I:FCIBSEE IC A0 1,000 38 (6,000 A1+), 7otza1s 10ms
DR F422 2B L T3 0C, ZIHEOMEHI ST O
BAERTE B,

(4) HNEECEBEONMIC I Y 25711 A5 Tor BTE %, B
1B & 10,000 88, (60,000 A1 1), 7otaz1s 10 ms OEEMS 7
20 ZHREERBE LTERT A c e LY, Soy R dIC
271V AMuFFur TR B,

(5) Rfp5—2 % h-F TOMICEHRT B L AL, Foatri-

* oA BERT

F &b duobqoivt TE B,

(6) F4z2J01, CIAFRERIC LD, ARv~vay ORHPICIERE
I AET- WD 1007171 ([@&H¥) KIBL bR 3,

(7) HERIEICE, =38 €920 IC 22 TMWICRIIL Tw 5
DTREEEAE Y,

(8) WE - EEoZl, BEOLWIC MWL 2 L5 R L
THLOC, Bk LERL, Yoo chPEcE 5,

3. % 54

MELCOM 84 &, MELCOM 83 % stAicifiis hckh, %0
AR TREE, R3. licideshchbsd, AMDoEE, B
B & P I X Y SR o MR TR T 3 c e X eE 3, [ 3. 2
IR AR R T,

ZOHBEAERRDO LB DTS B,

(1) ShAchbpk

TR HIHEEE (GEACdER 6,000 A b K Fazo)
A HS 7 i gt

AR 21733514

72 F-H~f

IR Fa

- -
wr \

ARy 8 BT 274

Ve

Voo I

. IR —vgraryo
Toeysy s 3 v~
=y |

® 3.1 /pEEFEE# MELCOM 84
Compact computer MELCOM 84.

EER T — T F
hY
| W
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o A b
) F2 5 *
n 2 29 7 7
i 7 i <
v 7 5
1% 1 - z
bt ¥
A
&
it |
n
oR

st iR ~ ¥ C

25 27 I

= ol o1l A

77 %7 %

] A T

P i i

ot ~ =

-4 F &

3.2 MELCOM 84 Hipk
MELCOM 84 system
FA2T01
W F-TY-4
#H F-TAuT
(2)  Makises
B Fo2o B (60,000 {4 +/120,000 i1 )
ik 77y -4
S s-JAuF
#7-TY—4
Hs-JRu7
CIA #iRERE

4. 53
MELCOM 84 OLREIZIXD & 30 TH b,
4.1 A=z arv-—i
4.1.1 AHAIATS4%

S 4 484, 4B ot ISOMFI (FE nyovt HE)
E[=F 3 BE 20 =(F
TGS 10 F/25.4mm (A1 hiAA)
EIZE 18 1325 /
4,1.2 F—pf—3t
G 7 1207 so¥— i
4.1.3 5 -7 F
a-F ISO 8 Mifi (3te)
WATLEE 20 /R
Frws B Rys« (BiigE)

Iwih-—F i FF T gk
4.2 akwyyrysazy b
4.2.1 AHAHIESRE - HERNEHER
il = 25 b 10 ik 1 EB=12 0 % +F5

1506

HlHsET £/)ww2 IC (TTL, DTL)

i Ab7-FJos56 37FLa HK
=Ry g 58.4ms

2= 8L2ms+2 (N +M,)
B % 1292ms+2 (Nat4d My)
Ny BB BT 7 BB O Tl

Moo Ui
Ny pO 8 e BGE o
My s /NEE BUT ST 7o 8K
4.2.2 ZILEERE
fE 4 R TR0
AR 500 25/1,000 £& (3,000 A /6,000 A1 1)

g yoeaa(s  10ms
4.2.3 F4ax7LA
FORT 120 % +#%%

£ T 4o bou
4,.2.4 {5 —TY—4
a-F ISO 8 Hfu (HiHtE)
Edirer iy 20 =F/Fb
Frw? B A5 (FEHE)

Twdh~F (i HI Al
4.2.5 BWRILENLIERE
(1) JeRALEEERER

TEMEDE D Y 954 mm/Fb
Jvbo—LF- 458
TR AL THE
FobERE b J53X B®E S5 A, HElL BIsEfy &b
Frwd AP, FEE RYT«
(2) MSKITR
v Easiy 520 &} 7 /T
fofEA MR (L6 J e ~12 F o +4F
)
B 2b3517 TR ERI T 3X
T ST 47
4.3 B

4,.3.1 ﬁﬁr 4 RTEE
10,000 $5~20,000 25 (60,000 /i1 |~120,000 /i1
S |

Sk i 7ot2a4s  10ms
4.3.2 EZE®KT-7V-5

a-F ISO 8 Mifir (Bt)

Erieudiy 200 =/Fp

Fxw? IREEHOE A3 X OB A5 (R
4.3.3 #F—FY—4%

o-t 1SO 8 Hifir (hi)

UL 20 = Fb

Fxud gL A5 (R
4.3. 4 EEKT—TNUF

a-F SO 8 Mif (i)

HATLHEE 150 F/R

Frws 185 Rz (R

4.3.5 55— TRoF
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£ 4.1 SpE X UBTEEN

»
%‘«% Dimensions and power consumption.
B % < B mm | pimmn w
AR~V 3y v 980() % 970(%5 %) X730 (BLFT) 500
TaEy v vy 2y b 3% X 865 X 900
BT+ 2o &0 650 % 740 X 520 100
R T e T Y = 600  x1,500 X400 200
3 e P 600 1,500 X 400 200
T Wi, SuF 510 x 820 X520 50
CIA #R¥ER 186 x 115 X 202 3
I-F ISO 8 Hifir (42if)
SOTLETE 20 5/
Frwg B A5 ()

4.3.6 CIAERER
RETHGRMFER 30k 5.5 FF
4.4 BEEE

HOR AC100V +10V 50Hz ¥ 7% 60Hz + 1Hz
. o 5°C~35°C
? B B 40 9 ~80 %

4.5 HNRtiEs LUHFREEN
R4 LVIGRTEEYTH B,

5. HEAEREEE

5.1 ZEoHR
MELCOM 84 {1 7-2 5, maife b 1 745 10 4012 1 2 T
BEAL, AU 2 L10 i 0-F Ay b B> TW 5, X
KR Bl Fawobul, ak7Uob BENE UL EES2 U 1 ORI
Ths,
5.1.1 F—4:=
F-2 O R5. 1 0 R4 embhohs, MELCOMSL &
F-z IC A & 0T 038 5,
HiE 1FE=1202+5% 1BAk=4t,t
JF LXF=RM2T 13F= 8wt

5.1.2 &4

5 MARME 1R T 2dohY, G443 Tks BB TAX
; SEMIC T b, 37FLa HEEREHL T3, E5. 2 thmd
BROMRERT,
T THEHSH (CMD=COMMAND)
EHlmn4 0-F BAAB
B4 (M=MODIFICATION)
MAOHMPES, FlGaMEFOBROE A &
MBAB,
AZEH
FLPFLR ML, B 15— FBE 2 2ERE
HIBA B,
B
B27FLR BTN, 252 FHL KT HHL
B2 T, OB ¥ 25A B,
CFii
3 PRLR B EFIEN, F—a MiE L 25 1 ek
S, HIERZ ERBAD,
5.2 HHH%R
MELCOM 84 D x40 ke 7THRIC AR X 45,

g

ANPHETRRSIHE MELCOM 84 RSGEMRALEIEE - IS - 9430 + D11 - vif

oy bR
2~ 11 48
L 117 PR ]
A FE ]
= 7?7;‘ (127X 4 ¥ oy b =48E y |)
55
B5 1 550
Data word format.
A BEig ' ’7?}4&"‘1
| 9 8 716 5 413 2 1 1
CAMD M A B C i
5.2 4o MK
Command word format.
% 5.1 MELCOMS4 ¢ 4 *
Instruction repertoire of MELCOM 84.
Fi £ ae = R F
#* T HLT 00
& I STP [o}]
& b CME 02
Sy R Kb CMM 02
e A 4 CcMzZ 02
IE A K CMS 02
bl st IMP 02
38 e TEM 03
m 5 ADD 10
A B CPY 10
L3 3 SUB 12
# % NCY 12
oM i ) = it SUM 13
ES o MPY 14
B T DIV 16
B £ GAD 9
i3 % GCY 19
B AN TKE 21
BN BEA 1 RN 27
BUA WD o 5 | B 2 RN 2 2
B WRN 25
Bt 2 WSN 24
R COM 26
XLE AN TWE 31
LR RC 1 37
XEAMD G S FRA 2 RC 2 33
g iV WRC 35
CERIMTT 2 WsC 34
P COL 50
[ A #H A WTL 51
W B RDL 53
F o R MES 60
LA =y - [ H TRO 61
i A TRI 63
¥ 7} SHF 40
F o~ X NE S sz ¥V 7 CLR 41
x5 A INS 42

(1) Jodss E¥m4
(2) HEEG$

(3) BEAHNGS
(4) e AMNGS
(5) BEZULERS
(6) X4 Aev- s
(7) F-2 WBg&

BMAOTMARS. LeRzT B Th 3,
5.3 EHEHHE
TRCOMEEE 10 HATCrTA 5, I NG - B - TR -
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BRELD @ A A/, —BIHIRE - O HIE % O HWTCdH O 1BE,
WSEFEHO nout A LOBEZTR S

5.4 LTYRH

V22 MIC L F-2 DR, HE, HET 5720 TED viag
$ 5,

(1) Avzas 52 Pyt BN LEina, FEREE O
5% Laa
(2) Brzaz 52wt EEH B 21928

(3) Axpzaz 52 b
(4) ADLzizz 4yl

RIRE A-AD0-LD2R2
voza DFE wot B, AT F-2

EEA
(5) Ruizasz 52 €y ATREEORE. B L2z
(6) Cuzzz 12Egk  MAEHELE L2z
(7) Nuzzz 12ty FREEEEHRH LT3

5.5 FiCfE%iE

WG F1204E)— T 1000 EEOEER b b, 000~999 DFHAR
BCHLNTWD, [EEESE 3,000/3,600rpm ¢ 1 Fic B3 PRI
20 msf16,7 ms T 422 EDFEMIT, 20 552 x50 FEOTECHIE ¥
NTV3, % t5wo ICEE LADERAS, FHBL A 2L, A
Rt L Aol 1 LETH 3, S yotasts 1E10ms/83ms TH
B,

6. WETIENLEER

MELCOM 84 ¢ RERIEHEAR WA L, MBS nofiksiingins <% 2
LRI, TCIEORES - BE - AHENC LR F-a BT LAHEC
e LClAxh2,

WICTESTOE,  PESUTIELLEISEE o A J R SUTIRIES 2t
513 _ED F-z FRICDW TR,

6.1 MKTIE

BESEIER OCR (Optical Character Reader) f # 145 g/m® %
BRAL, ciCREEHE a-FeOs & 1o Ric LENR X WA RS 2
b5 BB B BR 2L5AT ETIEOTEICEIRTAETS b, iR
ZEE I B 520 U e TH B,

RSB ERR 6. 1 ICRT,

6.2 REETEREYERE

6. 2 GRS b BEONELRT, K 6. 3 CRTTES

(#frmm)

-

S INENUESNETT

297

AY
\
N - A EESTE

L
I

7
148, 5———ed
210 -

1 ! 297
; 355
6.1 RSO IIETE

Dimensions of magnetic ledger.-
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) ERORNE A RT, BEIUER D BEE 217512 LKRNTS
htniz, ‘

TR ASL-2 D% 5 ALY Abwf ICB% B FETAD, MHE
FFC X 0 BE) 0-5 i X b ¥R 254 mm/[FD, 0mo5w3 5 WgRINTE
b3, BE vl & Read/Write 36/ Awy TCHRIEZ 5 AHHIT
F—5 OFELY, PR CEAZERTRDILD.

6.3 TROGEEXD

TAEAD a13512 HEED BT, TOMERZ 5 ABVEHRIHIITT
CEEROETTRS,

TEMED (rE PO L RD 2FEHRSD 2,

6.3.1 =5 xT4vs A4 T7AVF

WS 205175 AL, 0 ab547 LCKICEILET ~EER
SEL, KiICZ 5 Axhik k sBEMICBERIE T4 »ZERD
%3 5,

6.3.2 Xhz=ANL 54> T7A4AUF

TERBETHICE S AXNEMEER 0L, ZOMUEID VU
L, 9Ctws ECHBRDEFRS, COEIEMERX Jofss T
457 %,

THEIC IR 6. L CRLAL S K, BKfTRllv—o 200 5C L
kY, TOEDEMKEIFITRBINT B LR TE D,

6.4 FAH

THRFREMIEL TWAERL D, o kA JUER D IEO T

6.2 WETLUER Y B

Inserter of magnetic ledger.

Cak AR
SEATUER

B 6.3 RAKITHERE b FE ORI

Inserter of magnetic ledger.
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ETES AXNTHLHHBECA S, CD% 5 ABEHRIC, 252 6.5 =EAH&

% ; " ey » - — — N N "

%?‘ Fawd S1v J7 ol OEFRTHRDN, HHEWETIC -2 OIA TUER—ETTIEE ) EEOTIHRETE S AXETH L, ST Iy
HBETEDND, HidH G PMEHT f, 2f C#AEh, 2f= 1oF BECA B, %5 AMIC F-2 25D, HHIHHET 51205
125kHz ¢ 3, HBABARIHES20 7%, 138120 A6 1o FEWER L, BEFILMECTERZ LD 5, & 6. 5 KA
7e Bl RO Word BificEiAE s, [ 6. 4 1R ¥ Jowr BEFT.
¥ Jowo MERT, 6.6 WMIRXISA7LEDF~ 5

X 6. 6 ICER 2b51F LD 5z FIRA TR,
DISK :
BOL U Z % BILZ 2% BV YR 5
WiE
SEHEEAL
7=k
J
e \'
M4 v = 4
' A (<)a—F
pIVE EOR=—Fa#
1
e
bt
b A
B3L T 2% B 530 FALT YT ~w
—
[ 3C
3¢
> | [ —
Z EOW | brmrey
- ‘g | FFos
[
F4 b S4 b0y
ARTF=bHors NI R E LR
M64 HARBIo,sH
Schematic diagram of write circuit.
Yoozsaox
~e o U= ETYT BREH

¢ (4w, ry Blosas
D BOveag (4v i)

EOW EOR|—
T %
(v -z = 27—
2% hovZ
|
DISK
B2vuag B3av sz ADv 2z ALvax
EOR(—) Y F 4
R Fzv7
MB4AGZ 7~ b
§ FEE

65 HAIEBIows K

Schematic diagram of read circuit.
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HERA NS A THD !
1 et ™
EOR
7131
EOW :g
PR SR BEU T 4 %
8 4 : %
O ) I N ! :
EOW 8 4 '\ 0
EEBENTAF o7 ____-__2,______1__,_- 15""};/
7 8 4 N
i 5 1 e
T s T e Bt 7 s
6 2 1
R S IO N R e |
8 4 S 5
3 5 1 J ?
..-__.___....«_8_____..._..——;—-——~ 8
2l 2 1 =
8 4 S
1 1 ‘—-_2~__ 1 \n
EOW 8 + ‘ :
EEEEY T Frvr | | 2 1L 13 3
i
a 7 @
= x & 3
Y A % 5o E
% 73
S {51
17
7
il L~
E 6.6 2t31473 1D F—2 K Data format on magnetic stripe.

[ EOR (End of Record) {I—#o —a OKTHEKL, F (4) 73Yr-wav Jodss6 (SAPP)

—-2 ORBICHBMCEAEND, Standard Application Program Package

EOW (End of Word) {31 O Y #EWT S 3~-F T, TO SERRR - SEFOERE Sadss O Aur-U (LTH D,
MiciE 1 BBoTEE AU 5w 21T8 D 2-F bEEh 5. (5) 7tuI>

SR A AIERE - T B AL RATRICRITE & 5 70, HERD
7 MELCOMS4 dY 7 k&7 ] —EI% ZASNEHF 5 BERE I ABRIC FE R T Hesk
B EEO R 2 0 ERTHV T 5,

MELCOM 84 @ vyoto1r & #HHHAETEIUgE LT, RO s 6 1 U
EHFE R LEE T, FRICTHEHBIC Jodss AFARLD XS : kT
BRI Tnd, MELCOM 84 DRI DT M Lchd, WIITIELEERD

MELCOM 84 @ yotoxy RIRD X 5 Kb, ek b, 4% CE/ANEEFRERO o1-offut TH - i

(1) Jodss E5E (COOL) HEPSHMICHEA XY, SHEOERETHORT AL WHUCT 5

Customer Oriented Optimum Language Lebi, TIERES SR, BTSRRI CRHES L

BEOHAGAI LAY, 1~ AERICHD 3 Jodse BAET RTE, WP ETHEBOBREROMPARET s LKk -
b5, o

(2) 2-74Y74 J0d54 N

) we o . o F S S T - $ % K ﬁi

0-Fzd30d54, 1/O Jndss BHBED Jodss H13DH 5,

(3) #Iv-5vi0dss (1) A&, F50, Wi, AR : =EEHEH 44, NO. 6, (17 45)

BB, BREEEFHASEARD 5,

L N e aas

1510 SRR - Vol. 45 - No. 11 - 1971




UDC 621. 311. 21 : 621. 316. 728

RBEEN (¥ FEREFTMND BT KEE

2,
&H OB AR T A
Flow-Responsive Generation Control (FREC) Device
for Uji Power Station of the Kansai Electric Power Co.
Head Office Keiji GODA
Communication Equipment Works Masaji MATSUMURA
Herein is introduced a flow-responsive generation control device delivered to Uji Power Station of the Kansai Electric Power Co.
It is a labor saving apparatus of a new type, in which complicated automatic flow responsive sequence is set in as logic operation by
treating the control sequence through the application of a micro-controller.  According to a priority order previously set up, the device
will start and stop automatically and regulate the loading of five sets of water wheel generators in response to the water level of the
reservoir. These sequence programs are stored in the read-only-memory of the micro-controller.
7

HOTHEORAIC X 0 KER KD - RIHRERm e & biokd
FEERRNC I\ TH R RIS ARERO @R AEALTH 5, —T,
RERBEA I HEPNC D TSI X 2 SR, Sogss s
KX S IALSROA I EABCHEE AN TWE, TN
L BT (B S EITY BB ARE I 9120 Juho-5 %
WL, B o—rox 20T e LM 5 2 e X b,
7o HIENEAK p-roR RHBALEH L\ 43 OB T TH 5.
O ED b U ORE X NARERLIERIC LR, 540
FEEME LokZ Sokhic X b BghED), EBEke X CEHN T
252D T, ThED Jod56 % 2120 3vb0-5 OHHILEH 5
Y- AL e v-rroz il -t 3,

£ A6ES A, B S THERBT R L iR, 2ho
TREAFHZN®D 20T, CCiZDOMEPBNTE DTS 5,
FICHii - 2, CABDw0En, LrbgeEELH0 58

% BB ST TIAEA T & RN A C S IR E <
4 EbDTH 5,

2. EBOBE Map of Uji Power Station.

AR g R

2.1 BEBESKEECE
FHRFEITIERMY ® T oAl & LHEENITH OS¢ & 0
K OEORL, FHRIIC BT % AR ANFET T 2,

5
50
hd

2. 1 ez D d Ry, $8K, HhAHBANREIRCE W Tk s BRI
BRI S h, Lok 5 ARMICHS U C DTN 2 s L, ETE L BAHES
FEEDOMARL L B S L T 5 & 5 RWEHRAE LRTE = —
Feo EIBNEAKERE & 14, AARBMESEIC & b IC EBEDIS X U E T i )
FILOBEEEZ ML, FBRAFTLEACHEN A L S LA ff{‘#/ 5 i ;ﬁgg TMEE S g
DTHBH, LT

C CIRAAM S B FIRREITO H @A RO R M 5 O 5EE T

HA 1 RO KMIBEIE T ovbo-L LTRBHTH 5, Thbb,
5 BOFEHEE T kT 5 ARICIS T CLEEEAHEREL, L
b b5 bOBERNRERCARTIERE L ENL, SAEES H A s B

53 v0TH 2, 2.2 ASSAREO R
Block diagram of FREC device.
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2.2 EBOBRE o

§ 2. 2 [ E S AE & % 0 BERERO KRR LD TH
2o FEREEE R EFTECE S O HEIS A E L TE D,
B AGRIE B 3 R E O MR S T cc Chbilighs
Crieh b, HEGABOMEMEZRD LB TH D,

(1) BmsokEE

2120 Jubo-5 T, BEIEAK v=roz ki e Ly 5
EE

(2) okfuamEsER
PFM Az B BREHAZ) 4-k7od 2L X bsovvza BK
PR

(3) AR
SRR AT RS, RIEE IR X U RIZRER

(4) 1BIVE 21wF

BIE 21wF (8D), EEERIER 2105 (43-1) I X UHBIK
#2157 (43-2)

® 2. 2 #EMICEET 3 &, BEER R b i,
EHRTBHEIBMER LD 2222107 (1) T— ARl EL5, KFE
W% A S A, 5ADS b DB KMIIEREY T 5
&, HBISKBORIE 2197 (43-2) -CHERT 5, sKFRELaE
Uk L A% B KARHIEEE O (55 b KIHEE B 51 IR BED
EEE L, *ORENELAD X 5 CAFHIE £ b (77M)
ZHIET 5, BEEKEOERIE 2(07 (43-2) THBIRAGRILA %
RENEHE, HRIE AR RR TR, b O ANERC X ) M3
HIOWERREEY B L, BBEAK v-roz (Godss) Kfit-C i
B (F kPl OREES S X CBIEEIERO REEO 5 iR
B ERE L 7o SRS AR SRR & WS B KB R S T B
EIEORIT B AR E X USSR ER o REFRGEC 5
T FRENB,

® 2. 3 GEMERONBEETFT. Lh b 5FHO MRS EBIEK
BeH 5, @2 4 FEHBEAED Ju- BRRT, kb HBIGK
EROMN 120t AT 1Zob, FEHAEER 1zo b, G 22wt
B & URNIEEETH 5,

2.3 EEBEoOHHE

C ORI 5B OKEIEEEE Lok 5 AN (EEIHAR) I©
U CEBHEE), Bl X COKTREIE S 77 5 70 DR T,
B ABAERRO L B0 TH b,

(1) 5HOKMREEE AT 5 ANICH U THAEET 5.

(2) 7k% 5oKfinC X b KESEEBE % R - BHEEIET 5,

(3) EEHOBED 5 bAlEEEIE O —HE b Ok
HESERR B A COKREET 5,

(4) 7% 5 KGHETFIC X Y RFHRIEFR O BEA BB L 25
A1, SEERO 1A ARFRBEE Y BB,

(5) H@GAHEIER, 20550 1 HAEEHK bYwT (86-1~5)
L i, AT o S R B & RIS R T CRRRfIcT %,
Thbb, EEROREEE TS TEENICT 5. ABEIC L )2
BAAMER Y, HURBIAME 2o Be b LIRS g
HEEET 5.

(6) BIcHET 5 HEHEIREEE L f2 b CIEIRRIEL i
5, FHREREIETR, BEFEREL D OHL 2O BMEEESL
MR L CHEHBAT 25, BEISASEE 2 MM L CHERRE IS
LTw{,

1512

2.3 FEMH
Main switchhoard.

2.4 HBSAKE
FREC panel.

2.4 JkirEAERE

5 BOREBICH L 1 G0 ALFEER L» kD, HEILK
PO LE ST, MEBBEIC - c X VIR TS,
2.5 1k tsusas BAMHEROMMKNE, B 2. 6 FRED
W% T, ¢ OERZRDO SO THEENL T 2,

(1) kixeEs

(2) HERERR

(3) PFM¥—fizoJ

(4) wHBHEHLER

(5) mkE

(6) HEREBEIE
¥, EEOBLAMHREIROLI I TH S,

(1) KR 10~40 cm Hf F{4&

(2) SeeAfEER  O~—30cm wFHE

(JE 7k iz 13% EL 80.09)
(3) {HJ1 Az ALz 0.1~1.0 Bhw e
Az RIlE  0.1~20 Bl s

(4) HHER AC 210V 60Hz
T DEBOBERE 2. 5 1CDW THBICHIT 5, 65GR [AH
FEBED fi4 F—o CEBIL % fi7omsid—2, 7T W x1~5 AT
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o
sl

Mg

-

. | ‘ (WLS)‘
2Nler(CLOSE) g l4 | !
# 1 65CRU™ 77w 2 e ls
(OREN) S dmdm 1K
| 24Nlow RER & :
& 2 65GR H 7/:\}312—;()}3 ! N1 -@ \
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Elementary diagram of water level regulator.
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Time chart of FREC operation.
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Stopping Flow
Flow chart (Part 1).

Starting Flow
9 3.2 0-Fe—b (2O1)
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Flow chart (Part 2).
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Flow chart (Part 3).
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Instru

Block diagram of central processing and control unit.
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ction table.
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SR S o~ }" %] 3
5 ADD o Add
i ADI B Add immediately
%&( SUB i Subtract
’ SUI g3 a0 Subtract immediately
@ AND iR Logical AND
I‘P ANI T HE TR Y Logical AND immediately
— | ORA | mEim Logical OR
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4.4 JHIEHSRE 1Zwt

Interface unit.

4.5 A Yu-1Zwh

Input buffer unit.

4.6 M Yv-1zwt
Output buffer unit.
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The Latest Bus Protective Relays

Nobuharu TAKATA - Yosuke TUJIKURA
Toshinobu EBISAKA « Nobuo EDA

Moy

The bus is a juncture of electric power systems. Though it has a less fault rate than the transmission line, if it fails once, the effect

is very serious because of a large area in which power supply is suspended.

In view of the above, it has become a trend to provide

means to protect the bus at the end of transmission line or at the power consumer’s premises where no consideration has been given to

formerly.

The article introduces, under the circumstances, three kinds of Mitsubishi latest bus protective relays, as follows.

1. Type LABS-1-D voltage differential relay

2. Type TABS-1D phase comparison type ratio differential relay
3. Type UABS-1-K ratio differential relay with overcurrent lock

Lo A »° &

BHREOIAIC L b AW, FHEOOEEFHE LTOREOEY
B, —REFBEE R oThk, COXSAESTERIC, HEEK
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(2) TABS-1-D 1§ fu#H it ¥ L amkiRsg
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FHETH Y, (3) BHSEHRBMTERY EHM L L AT
b2,
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Fedd o TEHRFEE A X e Lk
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BINED 20T, M3 LCREEAHLEREL TRV,
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3. LABS REEEENMER

3.1 B 18

3. 1 jc LABS i##EROEH% 77T, B 3. 23 LABS Eff
ERROEREHTH b, 3. 2 kAT &5 K EHREERY CT %
AL, 2 CT 2841 b GEBEIE) K& 1ot—4ur DR
HIFE XS ALDDTH D, BIEHERL, vrotw L Auza
VR i X2 KEEIMHIERE & w8 Ry 2~ 5% 2 BPX-10 A Jp A
T1FEE (3¢ H), 3 XU oq0a Ly - Cy - 3852 t5u2 TR - &5
B Uu- EERY »5%% LABS Rtk (3¢ WD) i X
bR E B,

Type LABS voltage differential bus
protective relay.
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3.2 B %

Y- OEEERE Va=k » Ir (Rs+Rp)[CT oo (3.1)
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Ry : CT 2R y—Forb 30 @asm CT 2 b 2Bl
FCoEES) ()
ki BLBT, BEROSEELT208E LTS
X LICHSEEE Ve ks 5 CT —ROBHVREE Lnin 12

I in= (ﬁl[m_{_jn) CCT iy ooeevremesmmneenenes (3.2)
e

Lo, : BIE Ve il 5 CTj LK HER
Ip : EE Ve Kbl % yu— EHR
¥/, CT OREMEE Vs i, Y- OBERET2ELIS X
SIc#LT, KO L5 ICEET %,
Ve (15~2.0) « Vg eoovvrmvrmmereremsseniiriens (3.3)
LD k5, R EFIHT L TR, CT OfFf

CB1 CT1
[c o] AA Linel
CB2  lCT2
@ Line2
1
i
)
I
1
i
P CBn CTn
SR @ A Line n
{— L.._J—_.‘
Vo L R
L5 VR1
TS F L .
T
BPX-10A%z

ANEE
R 3.2 LABS i # % 5 © ¥ ¥ @

External and internal connection of type LABS relay.

Vo
Al

3.3 BEZDH R 0 K EK

Principle of voltage differential scheme.
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Heavy Current Trans 79y CT 2,000/5A "
40VA nZ20
#9 SEARIEIM 1.35Q
IN(PIER A EER0EE 1,000V
A E— 0sC §~s‘40%/5/~2,£g3/smcw)
. £1 S 2,000/5% &5,
EX AP is
Hh £2, N S,
%B LAY el
E ﬁg( 0SC
35( - {vA\
H 24
;—{v
2 i
;‘;6“\
AL
g7,
‘V
£8
(V\
T = } “LABS—1-D"
J %?OS(_‘ 0SC *BPX—10A”
0s¢c * o
1~ P 0.55Q §
Re=0Q 0sC I % ' @

E 3.4 kBEFFEAEEC X2 LABS BAEERR o SB[ EE
Test circuit of type LABS relay by means of heavy current
transformer.

RURURR

0OSC NO., 24
I

RN

3.5 HEEHEED tu0 (GEE Ve=100V)

Oscillogram at the external fault.

]
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T

LT

0SC NO.23

RERRRRRERRRENEERRRRY

3.6 WHHHRD tvo (EFE VE=100V)
Oscillogram at the internal fault.
FEL AW ERERL DT, HMTE3. 4~3.61c khh~3,
B 3. 4 BRI X 2B THh, 3.5k ®3.6
1, ZNENSE - PEFEHLD 52t B Ao0550 TH 3,
3. AICIEAL 28BS %, R (B KiAThE
Vzk x 40,0001 x (1.35+0.55()) x 5/2,000
Vask « 1902=880Y) coveeeeieiimeeiieeaeeeeeenn (3.4)
EmBR, RMIERRERD KT, Va=100(V) & LT 52t
BHERL %o
R 3. 5 DHEIN 52k Tk, ZEBEE & 318(V) (E-o ff) 7
L TnaA, HWARESTFSEN 100(V) LTF 20T, yu— &)
EL T,
3. 6 ORI At T, 40kA O A NBRCEREER -
2 fHT 1,540(V) 9, AC2000(V) LITTH 2L & #MRAL 7.
3.5 Zof
BERB L, 2 WRHRIC BT 2 BTSSR k3 CTE
HOUHARRABETH % 23, HPFHAICILEE S, @0,
BRSO LR, 2 RO — RS RS @A E N 5,

4. TABS FAAIABILEAT & LE SR Bhb TSR

4.1 E I

4. 1c TABS Bi#EROERERT,

—RICHERED) Y- KW, MHE» 2R, @D o
fo51k, g CT KEEERESICTREL L EBECEL 2 v
BT, MR L CREEICR 525, MoFRREEsiic R LT
BIWELIC K B2 &I RERD D, TOEBMRTE FaEE L
T, BUGTFORM & FEBERICIEE L, PIMRERIC A : D hy
HOE N, EHOEAZFIAL, PIBESRHC I IRIE 2 % /& <
L, SHEHEIRIC B » 2 k% (T3 & v 5 AHAEMGA ¥ e

SETR AL E N

HEEeem) yu— OEER

Hpl=n]Ip| e BEHEE oo, (4.1)
R A A & 2T L~ OBER
Il =l IR| = e JEEE coooovemeoemoeieeanenenan (4.2)

H(42) oMflE R, R @D o7 Ly kTH3,
e l, X@42) 0 Ip 3RO X 5 iCEREE NS,
{W%%Eﬁ(ﬁf Ip=0
R Ips=Ir
zoie Ip: Z=EBHER
Iy : ZMTEMOBAME (BESAME

O RGIRAEHEESE - BH - 48 - doEy - TH

H 4.1 TABS B HEA & thasmilk TR
Type TABS ratio-differential relay.

ol

1L

@ ; @ @ ] | ° A

I EJI:, 1[,; 1‘§ {_g]le+17 |z B
L L L i 172

A S A S N OF

e # o (o) s

(a) I8R5 & (b)yhap &L (R0 » 5354

X4 2 A - A5k R R o B

Current distribution at the internal and external bus fault,

TETBHEA
N e=1r)

vl
LW I

2
&

BRI I
(b) shapeisies

B 4.3 TABS Jg # ' 5 o i % 5 M
Ratio-characteristics of type TABS relay.
In : MIEF<, BAEMICEE 4. 5 oMAERE Er i bt
B3 2

BEEIPER - APER O BRI, —Mc B4 20X 5 ck
B BEONHIKEHCIE, R4 2 (a) IR X5 ICHAERD
HTHY, Lkl CHEBER Ip 7, BWMEHONEHEAD,
AN E RT3 o NEBIIRFICIE, IS~ > TRHFHE
HF2EH2A S Y, LrdmAERMICKE X RELL, BAER
Wik Aab, CT REMT 33 2B H 5, oL 2yEy In i3,
CT i1 GR2%) AARTRBRIEOCH 22, fafidhig, Himes
CT Hiha3 R 5 HROBEERFKLET 2 0T, EUERIHAS
FDNAICE D & 25,

4.2 (c) ik, BT, Zh—fheEBinE, HAZ - mHL
DD 5 WM TS 5, TABS BilkBaE, K4 2 (a) &
(¢) ZA—OAMHERE HEL, (b) 2i#gdKe LT UETE
330C, TOPIERHERR 4. 3 (a), (b)) KFRT L5, AL
HEHRICE DA EDES I TEEL, B3R, $kh
Ip A0 hEBECER LS iCh> T3,

COKSaKEL S s FHEAENRVAN * H4. 4ic R L, Mo
(a) REEER, (b), (c) REEEERT. 4 I & Ir & HENM
T, ENER AMA-F CLEERL, toHN Ep & E R E
FRHEMECL T, B OIE 5 KD & & ORIEL Ry i Er %
Wi, ctic, ~D&hbDMARELT, Ip=Ir ® & & Hif
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13.46

A
9.621 /|

'\/\\M/\

AL

&
= 1‘.,,.—
.
5]
%’—1.94‘
5
[
—5.77F
~9.62}
- CT 2000/1 100VA 7220
—13.46r )
4,13 ETFEIc X 5 CT WABIBOMTT
() E B
200 9 icT 30ms LT
(8) Sk
LT-4-U BATER (3T 3HDUA) © 16640 x @ 166
X BLFF 350

TABS-1-D Wk Ak

4.4 XERHEB

Bk 3. 4 ik ke, TABS BFERTHIA0KA 282 &
b BER Lo 72> DHINE, B4 5 0REEREL, RDIE
DB o~ THBET EDEITD 5,

R 4. 10 i KB R EEE 0 RBEME TTo 2fvF SW & EX
BC B LT sar ThiE, CT#I~48 XDHAL, CT#9 ki
W 3E%T, cok¥n tvo 284 11 IKFRT, 2197 SW 2
IN Blic 23 LT 52k T, 290 CT X b AT 5 il e
b, TO iy B@L 12IRLTYw S,

M4. 11 0 49CT oHHAHINERTH Y, B4 5(c) Db
FEF I L BERA—E A2 TnB T ERbRE, $9CT ORIFT
B, EHER Ip &t LTHbbh, Ip 0hHEZTH
BE Eg 23%&ELTEY, B4.50C) 3EMENCT LT IE
LinZ & REFEEIN T D,

®4. 12 i, PEEEHRORT, ZWER Ibic X b MGREE
Ep #4THIEL T 2T T 5,

4.5 TTEEIC XD CT HARFR

4. 13 @&, CT A% EFESEsIc X Y F L e B ao—
e s, ML, HEMRESLTCT fEMmLeT ittt
VEo TR L & T, BBERE, Bh 90° ofiffhaicgErl
<AL, F4.5(C) L4 11 0 #9CT HACEERIL 28R &
HoTEY, CHLOELEFFHALLZ LIRS,

4.6 Foft

cpFHRE, CT Eiskiz-Th X, CT @ yu— flicHil CT
3T 3 o©, o CT o kM-Ccli st X b CT H
HoPsTE S C e, ECT AMTH S5 i, fiEe CT o
AR TIRESE D 7o, BEHAO R, 2 BRHO—EREAR
e kb, 2ERROSERBAGCHBHATES,

AT D Y-k, Bk LABS WEIEXEBEER: L bic, &
Ee ST JL- O ERTHEEREINTE 5 AET AL T
5,

I5 165 % & & 517 x BLfT 165

5. UABS-1-K BBERR v 2 {+ x b EEHETER

5.1 & 32
®5. 1, UABS ¥ (55 EHRIRREMKEZR O ZTH ), K 5. 2

1524

\
0 10\()\2}0 030 X 050\060 073@30“ Uo 110 1 001,30 1/«)—1 UC\.{ o 170\ 55180\ 2.00 5. 10 25 EXT N
mrn:: {see)t x;o‘,
A S

\i/w 2. /"\

FRFEAT 70 26 (14,000 G) — R 10,000 A FHS IEER 50 ms B0

CT wave-form analysis by the electronic computer.

RZED Jowr MTHB, cOMERE, B5. 2WW0RLTHE LS

RERHEC, Ui SEEA2 W, Ar (lve 280 5[ﬁ!¥7'§1
LA O REIC T & 2[5 TK0 FEER TRl 55 o0 s kR T
2. ABLECHELT, B5. 2KHRLTHE L5, 3$FJ]}(D
TR E & BT, ik Y- 87 G (UABG I yu-) TEHT 2
CENRTES,

UABS TGk B s y— &, E5. 2KERLTHBT 8L
LT OEYERTBIEN & L, ZEH G1,G2 ohy Bt i
Ty b T B LRETEEES LEE LT 325, Ao CT 23
DEBVEERS DI, BEFR JL- 51 B EAFRICET T

EHAC NS ORMHT—EL L Rofc t 2T,
5 T3, WhWBEER 0wy AREFRHAL TV,

b DFEERERILL 2025, 5. 3 ¢ R & M7 RS
%3, M5 3Tk, 5. 2020l a1u RC oY I,
QBEHGL.- G2 DHNDOKRENES BEHAIK LY &Y BLT,
—>Di%l 94w RC KA LT w5, E 7 BER YU~ 51 2 AR

oD & 0w

B 5.1 UABS #% # & %
Type UABS relay.

G1 G2

DCLIOV

878 ‘87G

oc
G1,G2: 641 OREREEN L~ ]
L1,L2 #34% (8%) 87814 25§ ) L — e UABSTEY L =

TRI~TR3: &F b 5% 2 (ocw,@:’ 4 n/)\
51@ERY L~ RCIIPEI 4 0] .
27 FREBEY L - 87G 1 4SRRI Y L e UABGRS Y L -

® 5.2 UABS. UABG i 5 RHIIRE Yu— @ Jowy
Block diagram of type UABS. UABG relay.
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&l ZEIL

O %
T

Ll 74-%1L

T
L2 74-%2L é

@J

1
e o e i it o et e e ot s o e e ]

. 878
i}
. "
TR1 Ny gl =
] § T, e
P
Z
&
I, 5

TR2 (7772

3 i ! T“‘ "J

5.3 [R5 IR R AR
Principle circuit of type UABS. UABG relay.

BRQ y o5

L

Al g

Bl

oF

&
i
foul

!
1
1
:
'
)
i
| .
P BEHC v 23

5.4 IS ERIREEREY:
Ratio-characteristics of type UABS relay.
DEMICRT 5D YIC, 24-4L1 e L2%—Dicg w, =
B foo Trl~Tr3 2—oicE & w», b BEHEORTERS—
BELLE T 27 & BT =D D LAL BIHBTIEL T, Bk 911
OC D% tsvziza Toc ICTEEL, Yu- RREIRNCRBIE

FEAALTWS,

ZOE5 L THELNS UABS JZHERORAN A 3, &
S ADX50ChB, ThabL, BEGLL-L2 0FEECE, &
TRD X5 REEIG R L 0, B~ ROWERHEL, Bk
T, RN —EU ETAREEE 223 DTH 5,

UABG TRb#& FHR RREHEE S, MAED) yu—- TH B DT,
LWidBid 8045 525, CT LLoHBEEZHIET 5 Fsux BAS%RM L
HHLTna 0T, 2F UABS I I RER TR - &
EHEINZ L 0TH 5, ¥ 2[5 2CEFED 27, 64y— %, 2y
JEZ 85V . 30V ICHEL A#ILIE yu- Th B,

5.2 # %

(1) UABS 8% vL— ¢, CT oEBRAHIET 3 2.3 358
ET 5o WO CT (X 400/5~2,000/5 A, &g CT & 100/5
~800/5A ZRL TH 5, HHEsERE & ThiF 1,000 A g
L5,

(2) UABG Biti#k yu~ AL Tw 3 B S 1C i, 5546 2
1,000 A FaHIDBEIC, Hifkik 60-100-150 A % 385FCx 3 X 51C 4
wJ 75>"hp'}f3§®o

5.3 8 M

(1) LEsepkpk:

60 9% Mifl%E 2 T w5 CREER)

(2) @ER 0w Fitk

- ZRC30A ELTHD

EHE DR AT 5 A5 ilf=25A <30A
CT 5% 5 AGREREE 10=50 A >30A

30A T CT RAML &\~ T & ORREE

(3) mhess

500 9 AF7ic T 30 ms LIRY

6. € T v

BlE, RiTHL <PRESILL 2 RS R ERE S thlic, 20
BEFBN L2, b OPlEE, TCIREMAgE LTHAZIR
TED, ThbI UL- OFRKCD 2 - Tk, FEHSHOBHREN
Do O THE L, HABIRA e & I gFHMERTA TR 58 (HPL)
BIROP 7R 7O THHFIBY, T T BT 2 IKETH 5,

2 £ X R

(1) 7R ZB0EERRHC X 5 g aEss, Z2®|E 33, No. 5
(A5 34)

(2) % : CA-6 BUFRATMERC X 5 RGBT, =2
A 33, No. 6 (1834)

(3) =pH, ok, B L FHEEEE, =ZEEHEAHW 40, No. 4
(rg 41)

(4) RS, FIHB, WM, i@, #EEI : WA 45 FBERES
BEPESZIRE S AE G370

M it e e i A NN AR

D BHAGREHEESR - W - b - e - 1T
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$5 Bl AR B bbb bbb b PP PP I TP PTTrD

3180 thoTWD, [6.2.5], B41 Hicik TPS-43 O #AED
FI6.2.6], 6 AORUETWHRSELAECE, 18H% 196841
HECICIAT 52 &35 b 71 B [1.2.10], 1967 49 A DEET
— R v DEEAD DFE L BHHDH b [6.2.8), T FFE10
ArEtic s L s EAs Il cafMi g g b E bk o7 [6
2.9, 6.2.10],

ZRIC X B & BEEE S Aot (=3,000 MHz ), HIJ1 3 MW,
pEaBEsE 150 NM, BREIESRE 75,000 ft (77 L BAEMTEEIRED, #
EkE £3,000 ft (& A ZREENE T A, IEEHK 0.5°~20° T,
PETAOBHRES -6 O - BED 530, FEED Jows K4
b E T,

FuFT FAHEEEH 20 ftx it 14 ft (=61 mx4.25m), JF{Jii £
_A BB 110, s X I5EINCBARMOE X (BEHEALHEE) §91.2
m, BT 3ty #EHCHE L THIEER 1B AHTEY,
BT 2T BBECHEALTHAR 6 e R Y, 64KD E-s KK
LTwb, M iti-u #HELT Lt-s & LAY, LEO fi-u ZB
B 20-s AT A LOTHREML, RO FHO & 5 CIHZE
(b ST 3 M2 bR EHICESY 5 X 3 RET L Tw 5, 7057 Fl
BRE1E-s CkFciEnd ®) T, 392dB, # 6t-4 T 326dB
TH b,

TSR 6 Fop T% TWT MBS ZH L, Avz FHE Foa
MTI, #4F 0-3 INESOBEEERED, L—4 ¥k PPL 207 E
IR E N, h-vi CHEE EEBHTE 5 “height window” BT
HOBE FIcERT fiay 21T L EESRFCERIN D,

HESTECIRLS SR e 5—a MU & 23 7 ftx Ttx 9ft(=213m
x213mx2.74m) O vz L ECED b, 7oFT & 2170 B
e RO L BE AL, WEed Bikiy3,5001 (+1.59t) T
AL 4 7,000 b Ic—FF 5, 3,000 @ IC, 1,200 8 D +5uT
22 ®Jiv, BT 12 472 [6.2.16], MTBF @ 200 K <
Bo, MKEREE2 6 BEELI7TRLTL80 FL T 185
7z b 35 EIREICS 7 b,

2 D% 1969 45 A b 9 A ICh T P o SR EES I f[E 5 fE
o LESERBRENLC &b, FehBHICA-7 b0 LHE
X3 [6.211~6217, cH5%H[6.2.11, 62171 DFEELDL
B yust O D b AL S bhd, [6.2.16] 1 & B & BARIETRH
ok LEE, EAEENEE 120NM 2 b5, ¥ 2B ARR
[6.2.11] b X 6 ATH 3,

Ll EoRikiE b haod HERETS > THEOMRER T T3
27, FHEOEM L-4 OFMAHERD L O TeeREL (AN
Lo

6.3.6 FOf

W shid 1962 48 1 H i RE B2 R~ HicB@EHA 8 D v-4
TRRLA T ERD B (6.2.2], WRREEAIELE 75 NM, EEEE
15000 ft, po57 EHER 12rpm, 10 F—p CEIMATEIR 35°  HIEHH

1528

e (HE%) 4300 fs, (HE%) & 500 ft (¥ A RIEMECHTEY) TH -
s, ERLAD LI TH D,

6.4 ZERRE LT AELH

wEECHHAE D B b, RRE (Royal Radar Establishment,
FE -4 PrH) & AEL (Associated Electrical Industries) #:&
DF-cERcA SR 3D L-5 OflFEEEL TED, KECDL
RTAEE DR A, 196245 H O TEIENT O RZEERN T,
ST ) ORI IGER S Tw» 5 ) BRLHAS 5(6.3. 11
Malvern @ RRE 1€ % % RIS L\ 7u5T DEF[6.3.3, 6.3.5,
6.3.9], ML L\ 0 B & 2R TFEE 7u5T O 5 XA
(6.3.2~6.3.4, 6.3.6, 6.3.9] BEL15 (F6.5), (AEI #ix
% O Marconi & &HFL 7225 —IGHIICEET ).

6.4.1 Type 82

Hit7e 244 4%k Bloodhound I FiO#ER L—-4 TH 5 & DFEMR
»H 5 [1.1.6],

6.4.2 Type 85

Type 4502 iICHFM D KE N 3D L-4 <, BEHOBR - MZEE
MR © P 5 Linesman/Mediator icffibiTnb & \n 5 [1.1.6],

6.4.3 Type 4502

WE10cm # (S Avf) OREEM3D MR L-4 T, E-5124,
o5t GEE 66 mx i 137 m, HII4AMW T, 2k HREODDT
$5 (116, Fik, HARHEHORBEE .

6. 4.4 Type 40

Type 4502 A LRBLAERO 0T, SfAuf 0em #H, E-s
127, 7usT 40ftx 1525t (=122 mx465m), HiJJ 3MWx2
&, Az iE10us, PRF (& 333/238/185 pps (Rli-7% 1k “pulse pair”
= MTI %3 3 &\ 5), KTFHE -6 1R 06, 7u577 [HTE S rpm,

ik [6 3. 4] 25 (INTERAVIR 1968 49 A %)
@65 AEI#t 0 7o 5 7T
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Y PUTPTTTP POPEPD bbb bbb bbb £5 il AF T

S

A

PEANPERE 240 NM (10 m2) ¥ % % 200 NM(3m?), ¥EHIE % 100,000
ftCtH5 [L.13, 1L.16, zid haosd HEE: LTREED S ©
TH B, REOHUEERRITH B, AL 492 7oL+ FFic A
EL#1p54824 U e Bhzesliio—3a & Ui & 1ok [6.3.3),

6.4.5 zofh

RIEDIEEC, DE AN BLIIAHD 7usT 2%
WA ICEE L 2BF22H L-4 707 OEERD D Eh 3 2%
[6.3.7], BHMETRIHTH 5,

6.5 {AE TH %+, CSF #

252 TH #k (Compagnie Frangaise Thomson-Houston) 3 J U8
CSF #: (Compagnie Générale de Télégraphie sans Fil) % ¢ %
HD3D L3 2 FHT T B, (W Z OB L s —iSH
i),

6.5.1 TH. D. 1955, Paimier, Argos (TH #) (X 6. 6)

IR IR dh—o R T 5 2 ATH 7o5T OBEMRLN, 7
v7T BARRX 16 mx 6 m, FifH 46 dB, [liEsk 6 rpm, REAEE LTiX
FIUEE S Ru¥, HAaiee0.5°, FEREMFEE 0.5 NM, Bt
PR, (ROCMIRIZEERRE, Az TEASEAER S B, P4EiIc Thomson-
Varian 3to> o512 b0y ZEH L, HE, 20 MW,  ZEEIEERE 400
km BLE, M58 20° Ll L Eb N B, BIRETX 195548, Sk
(% 1963 4EC%H 3, Palmier OFHERER L 1966 4EIC 153 b N 7e (52
1968 sgic NATO o flizeffifi-c» 3 NADGE i 5 &g xhTsk
Dy flic 9502 MECDEHL T B2 EECAF LT 20 5L ki
DIE5, WK % Argos & ME R, [B1-1.1.3, 1.1.4, 1.1.6,
6.4.1, 6.4.6],

6.5.2 AC 12 (CSF #)

BB 23 cm (=L {u ¥ 1,300 MHz), M7 3MW, ALz 184 as,
PRF =250 pps, #E&PEHE 150 NM, #EEIEN 60,000 ft, 7-57 e
33it=10m, AF t-4 18 1.6° 7ost G 61pm, THHEM
TIfAE% R0 [1.1.8), TH 4 © Palmier # L Auf KLz X 5%

Xk [6. 4. 1] 225 (INTERAVIR 1967 46 A8)
66 THH ®7us7

ZXFE L-d towT (202) - BB

YD LEbNAHMLFEFE 3D -4 TH 323, HFFHPH< Palmier
EDFERDTERIRETH B,

6. 5.3 DRBI 23 (CSF #)

AHFE D 241, 214~ & Suffrer D 602, Duquesne D 603 fjiE D
s LICEKAR b-F-t BRLN, ZOHICE ST TWE DR
ZFHRIC BT 5 CSF #o> DRBI 23 ¢ %, FEO =782 Masurca
W22 2 D7 OHZEHTH 355, WEOEH #5228 Clemen-
ceau, Foch OMfiTCcH 5 L chhb, EHIEEHIC S i5HE H#R
T5eOEMRDH B, HPH L Ao (28em), HONIE MW, hu
v/ bov B & 6 RORHIBHEREEC, EHIFEHRO2» D
BB Rohd, 7ust Bl htdufo B EEbh, &4
KeLCRITEAL S il c 2 203850 b b v, 7o5T 3B
DEFRICH L TRB{LE T B, TEORA R = Fh 1967 47,
1969 4E-¢, Masurca =ty $H#E 1970 SEICGRAFIRIBIC A B FED
HT LB TH S (LI E1 1.4, 6.42~6.4.5], &% 3.2. 3
TRCh R e 0 225K 248 Colbert C 611 % Masurca & 5 #fHc g H
THY, P LT Ed0LEbN S [3.5]

6.6 BAX, RF

DRETHHFEEHEF OB X0 3D L4 2fREhTw B,
[6.5.1] [& Defocus U7 7o5+ OXEREMWEEcH b (1EF 38 48),
[6.5.2] IKiZ B~ 3ZARDHEVEERNHE XN TW D (40 4F), %
NIC X B & 402,850 MHz, iz IF 2us, PRF=400pps, 77
500kW, 7oux7T filf8 24dB, AW U-s IF 6%, BE -4 EH2°(C
N% 3AK), ZEHFHESREEIBOYOT, FIEHESTAS 4D
ZEH 3Tt OFEREAS R 06dB LiFiIc X2 ko F7 A-
D 22 - iBMRRIRS - e - I « SRR b
BB Faoan L L BENIER2RHE, 1 BE o AERRIHY 30 us
TLlAva < 922 LK 5 BEFALEIATRE & L 7c o SEERIYIC SN
26 dBIs X UV 15 dB o UESRHALT, ThEFR 9% HX
R 92 98 Ll OB TR E-n B 1/20 (==0.1°) D EZSFEET
Hoi. EBOHEIFHNL MBI HE I ThA K,

7. REMEEARX

7.1 #5 E

3D v-5 DWEFE: LR ZEBEEOMETRET 5D KA
W TH5hb (VE-s ZORHAN), SAETHO % 7L C
FUI7ort BFRIOMARZEZFIAL CRIET 208 - & b SRy
THDE, CTHETHBN7 E-s BEETIHHAD AL 0OEHKT
ZDOERTH T, TEMCAIEENR LR HFAERSE - O
FEL WIS B CHEL CERMCEEIECRA TV L BT
CeRTED, ChicHLEFOHNL, RECBRIHENAN U
-6 BTEEL, ZROBEFCHEFRIOSEMEEZDL DR M
OB THEL CMELEE L DT, V-6 EER EbFEi 2E
E-6 3RO 1R LA wCcllgsribonsg, ZEOH
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£% filiT /% a5

3

iy

5
F{E
7.7
AR
7. 6 Sletten H0 A
%gnaouc
us CHANNEL 1(T,)
CHANKEL 2 {Ty}
DUAL CHAKNEL
ROTARY JOINT
J
 — I
«
S
2 T TRANSMIT- CHANNEL 2 HORMAL
¥
& neceiven SOLATOR l MIXER IPR“"PL SO SurRuT]F AP /SR0Rn nov 30 M
a i
a
° VARIABLE - RANGE T
g - 1, VIDE OUTPUT
3 PHASE EEL_H - AZIMUTH PHASE ELEVATION 0ATA
LOCAL 0SC SHIFTER DETECTOR
2030 | . 1o HENGHT 710 HEIGHT
Mbz COMPUTER COMPUTER AND
] T INDICATOR
X
b
=]
@ | TRaNSHIT- CHANNEL ¢ RORMAL
31| Receiver ] ISOLATOR l MIXER lpnsmpx. S0 Wb CTFUT ¥ "‘P'-/mnm acvR 30uhz

- TRAMSMITYER {2800 Mhz)

Jowen]

Signals from both ends of Sletten antenna array are used to obtain tricoordinate information.
Inputs from terminals T, and T: are fed into matched receivers converted to 30 Mhz.
One branch from each channel is fed into normal radar receiver; other branches are fed

to phase detector, which extracts

height information from the detected i-f signals.

ik [7.2.2] 3 X ¢ [1.2.10] &6 (IEEE Trans. AES, May, 1966 & L U8 Electronics.

June 27, 1966)
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KREF L [(M7.3.1, 7.3.5, 7.3.7], SA{EEX 40 #2)tric 525k
A I, 41 EREIC B DI P BB 2S8R L, S
43 ERE CHKMOBMARBS LG I N, Thabb, EEoE
HEDQITHICRE L 2 BB HORMNIT 2EBOS(E,  HE NI -
EEEETOD ANY2F2 HRHE, 1~37 -t OEECTOEM o
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B2 OBIRERE 72k 48— 20-7 O EL b D,

10.1.2 zofh

2. 2.2 I8 @ Maxson #: AHSR-1 o X 5ic, PPI@EmoMHlic
BEPERTIEmEEMARIE MBS (711, 7.1.2, 7.1.4
7.1.5] (A7.4), %kiBEo PPLHRE LiC HEM% SR
REFTDHEB6.2.20 b coPFCRERT D LELL 5

10. 2 ZRARRENFRLROEEHE

FENE R AESE S B ) ZRITmMA DD (ZE PPD It &0,
B OB e eERT 5 A CH B, 2. 2 Hio Sperry #o
V pop H3TPS-34[2.6] B X U 7. 3 HiD Sletten HR[7.2. 2] T
i, 710d BNCEE X A EIEREc X 0 -k iR 2 b LTRE
2 e RICHRFEFEREIND, 6. 3. 5TH 0 W TPS-43 Tl 7
05 B F«al HARETH B4, ERCEFERIATRDR, 7. 4
EOBHHET - SHEEBHROBEE, F«Uan F-2 OHIR F Tz
FERRFTAbNS [7.3.4], Sletten Fis & U TPS-43 OHEE
PPI [i"C area gate ¥ 7z & height window ¢ PFIEN 5 Ee AN
K% B LcERS C &ic X hTEOAEERET 5L, XOH
IO WTOEERFEREINS, bk X 52k Bbhd,

10. 3 BFREM=RTER

SRTAERSED F0an WALE R L, chi DIAK
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