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GENERAL CONTENTS

COVER :
RF-Unit of ,].OGHZ Band Radar Provided with Integrated Circuits

This is a RF unit of 10 GHz band radar integrated on a 37 x45 mm?® aluminum substrate. The circuit is constituted

of one phase modulator, three directional couplers, one 4-parts circulator, two mixers and three terminations, to which

five diodes, two condensers and three resistors are attached by bonding. ~Compared with the conventional waveguide,

it has dimensions reduced to 1/20 of the latter, promising to serve as a microwave circuit for future communication

equipment and redars.
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Microwave Technique Applied to Satellite

Communications Earth Station

Mutsuo OGATA - Masao SUYAMA
Masakazu TAKEUCH! - Shinichi BETSUDAN

Application of microwave technique is indispensable to the satellite communications earth station. A large antenna has various pro-

blems such as obtaining of high gain and low noise, simultaneous transmission and reception, and simultaneous lobing function. To the

transmitter and receiver a small amplitude and a small delay distortion are essential requirements, moreover, a wideband characteristics,

ease of maintenance, flexibility for frequency change, compactness and long life are demanded of them.

The article describes how these necessary characteristics are realized in the antenna and the ground communication equipment.
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Recent Developments in Radar Microwave Technique
Communication Equipment Works Masaru WATANABE - Masakazu TAKEUCHI « Hideo SHINOHARA

Hideaki MATUDA - Shinichi BETSUDAN

As the field of application of radar becomes complicated and diversified, the requirement for microwave technique tends to be

complicated and of higher quality.

The radar is roughly divided into the observation purpose and the tracking one. As for the former, description is made on the low

sidelobe antenna, the cosecant square beam antenna and a few microwave circuits. With the latter, mention is made on main angle~

finding errors caused by the antenna and microwave circuils and to realize high tracking accuracy, on concrete methods of reducing them,

together with the examples of actual measurements.
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Low sidelobe antenna pattern.
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Primary radiator for Gregorian antenna
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Recent Trends of Microwave Antennas

Takashi KITSUREGAWA
Yoshihiro TAKEICH! « Motoo MIZUSAWA

Central Research Laboratory

With the expansion of the usage of microwaves, new function and better performance are coming into the demand for the antenna.

To satisfy electrically necessary conditions imposed by the system under the circumstances, it is a question how to realize the antenna.

In this connection description is made in this article about the technical trends viewed from the points of turning it to of high gain. low

sidelobe, beam shaping, multifunction and beam weaveguide.
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Dual circularly polarized parabolic antenna for 6 GHz band.
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2.2 h—pY7rL98 PUFET
Horn-reflector antenna.
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27.51m cassegrain antenna at KDD’s Yamaguchi
Earth Station.
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Model of focused-beam primary radiator.
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Diagonal horn-reflector antenna.
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5.1 B L-67u77

Fan-beam antenna.

® 5.2 fEBFAE f—YoL08 7UFT
Omnidirectional horn-reflector antenna.
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Several types of beam waveguide.
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Beam Waveguides
Yoshihiro TAKEICHI « Toshio TAKEI

Described herein is the beam waveguide which is one of low loss transmission lines at a frequency ranging from millimeter-waves

to the light. Its dominant beam mode has a small diffraction loss and it is feasible to have low loss transmission by using the waveguide.

Study has been made on a reflecting beam waveguide ; such transmission characteristics as the relation between the roughness of the

reflector and the transmission loss have been sought for about a dual-reflector type beam waveguide. This type beam waveguide suits

for building a phase transformer and permitting necessary bendings with case in actual installation as a beam waveguide when used in a

millimeter-wave range.

Furthermore, since the improvement of the efficency of the launcher. the important mechanism of the beam waveguide, is indispensable

to the low loss transmission, consideration has been made on a mesure to clevate the very efficiency.
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Amplitude distributions of several beam modes.
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Diffraction loss for the dominant beam mode.
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Diffraction field distribution of a phase trans-
former excited in the dominant beam mode.
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Reflecting beam waveguide.
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Dual-reflector type beam waveguide.
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Distribution of surface-roughness.
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Calculated transmission loss of a dual-reflector
type beam waveguide.

PO oM & 400 mm
MW ko M 30,000 mm
R EGm D 6 & 0.06 mm rms
D I A - REERIE [T i Gl b X I X B
GHz dB/XH dB/KRY dB/gimi
50 0.47 0.4 0.035
75 0.20 0.035 0.08
100 0.28 0.002 0.14
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Hybrid Microwave Integrated Circuits

Teruo KONDO
Yoshiaki NEMOTO - Kenji HORIKIRI
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Studies have been made on impedance, effective dielectric constant, attenuation and temperature dependence of the microstrip line

extensively used for hybrid microwave integrated circuits. Based on the result, further investigation has been made on such passive

circuits as hybrid circuits, directional couplers, filters and terminations, and, mixers, diode switches, diode phaseshifters and Doppler radar

front ends have been integrated, the result of which is reported. Also Doppler radars of compact, lightweight and handy type FM-CW

system using ordinary integrated circuits for a low frequency section are taken up for discussion.
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Structure of microstrip line.
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Experimental attenuation data for microstrip line
on alumina substrate.
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Effective dielectric constant against frequency.
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Temperature dependence of effective dielectric constant
and resonance frequency for microstrip ring resonator
on alumina substrate.

K26 18 & 0@ E &
Temperature dependence of attenuation for microstrip
line on alumina substrate.
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Characteristics of band-pass filter.
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Characteristics of microstrip termination.
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Balanced mixer.
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X 3.5 SPDT 4q4~Fa1ws
SPDT diode switch.
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3.6 SPDT gq4t—FaA1wF Fith
Characteristics of SPDT diode switch.

3.7 14— BAERE
Diode phase shifter.
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3.9 FM-CW #= Jows A
Block diagram of FM-CW radar.
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H 3. 10 pussv—4 OFEK Handy radar.

X 3. 11 fJsu-4oovbiof
Front end of Doppler radar.
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Solid-State Microwave Oscillator Diades
Keiji FUJIBAYASHI « Akihiro KONDO + Shujiro MIKI + Shigeru MITSUI

The article describes Gunn diodes and. IMPATT diodes put into practical use and also a manufacturing method of vapor grown

GaAs crystals that are used as the material for Gunn diode by means of Ga/AsCl;/H, process. How to improve the mobility and the

impurity distribution posing problems in operation is indicated together with representative characteristics of the X-band and the IK-band

as for Gunn diode ; the parallel operation as a method of delivering high output is among discussion. In connection with Read diode,

typical characteristics and parallel-running characteristics of the K-band are guoted. Taking account of inductance and stray capactiance

of the package, computer simulation is executed and the design criteria is displayed.
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Relation between substrate temperature and etching rate.
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Frequency characteristics of output power of a
K-band Gunn diode.

Sy bl Loy 12

~<L oy b3 <Ly b4

3.5 #Flevvb Avdasad-F
Gunn diode connected in parallel combination.
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Electric field distribution of read diodes.
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20 GHz Band FM Radio Repeater for Industrial Television (ITV)
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With the advancement in society and the renovation of technology, it has become an intensive desire to extend the operation of the

ITYV, that used to be limited within the closed area, between points having a considerable distance. The theme of discussion in this paper

is about a 20 GHz band all solid-state radio repeater developed for accomplishing the above aim with a compact radio relay system. The

feature of the divice is that 20 GHz is oscillated at a bound with a gunn diode and its output is used to phase-lock an IMPATT oscillator

so as to generate low noise and powerfull microwaves. The modulation system is the microwave direct frequency one in which a varactor

diode is coupled to the Gunn oscillator. A receiving mixer is of low noise (NF=8dB) provided with a Schottky-barrier diode. The

construction of the device is integration of a parabola antenna 300 mm in diameter and a radio repeater for the ease of installation.
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Transmitter (receiver):model A.
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Transmitter (receiver) model B.
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Block diagram of transmitter model A.
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Cassegrain Antennas for Super Multichannel Transmission Systems

Kamakura Works

Seibei TACHIKAWA - Motoo MIZUSAWA - Satoshi KAGAWA

Yasuo TAKAMATSU - Hirokazu TANAKA

The Cassegrain antenna with a large aperture has been in use extensively as a high gain antenna for the satellite communication

earth station, but the one with a small aperture is also sufficiently applicable to a super multichannel transmission system. Herein are

outlined warious types of Cassegrain antennas as a result of study made on them for use in the latter purpose.

Of them a Cassegrain antenna with a 4-m in diameter main reflector fed by a diagonal horn in 6 GHz band and one with a 3.3-m

in diameter main reflector fed by a conical horn in 15GHz band are in service on practical routes of the Nippon Telegraph and Tele-

phone Public Corporation.
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Dimensions of the conical horn.
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4.1 6GHz # heduo 7ust ORIK
Dimensions of GGHz band Cassegrain antenna

4.2 6GHz & ntdvu 77t
6 GHz band Cassegrain antenna.
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Scattering patterns of sub-reflector of 6GHz band
Cassegrain antenna.
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Near-axis radiation patterns of 6 GHz band Cassegrain

antenna.
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Wide-angle radiation pattern of 6 GHz band Cassegrain
antenna (E plane).
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£ 4.1 11GHz # 7o57 MhpEbi
Characteristics of 11 GHz band antennas.

|
WEA s vy BEEEresLv7ny b7 4~ FB

A #1 VSWR
1.04 BUF 1.045 LI 1.05 BT
(10.7~11.7 GHz)
11.2GHz ki) 5 Fif% 50.0dB 49.7dB 50.5dB
(G AER) (45.520) (4226 (50 26)

—50° 60 30 59 5
X 4.6 6GHz# ntivy rost OEMARS Aa—y

(Hm)
‘Wide-angle radiation pattern of 6 GHz band Cassegrain
antenna (H plane).
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Wide-angle radiation pattern envelopes of 11 GHz
band antennas.
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Characteristics of 15GHz band Cassegrain antenna.
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15 GHz band Cassegrain antenna.
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5.1 Lo % m—v 87 hedLu 7o57
Lens-horn feed shaped-reflector Cassegrain antenna.

5.2 #2twh htduvross
Off-axis feed shaped-reflector Cassegrain antenna.
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Y. A. C. Radar Speed Meter Using Gunn Oscillator

Kamakura Works

Kiyoshi SHIRAHATA - Taiji NAKAMURA - Nobuo MUKAISATO - Késhi OGISO

Y. A. C. radar speed meters using a Gunn oscillator as a microwave source have been developed. The radar speed meter referred

to is employed for a speed detector operating in the automatic shunting yard. It is application of the Doppler effect with microwaves.

This article makes discription on the outline of the Y. A. C. speed meter, its principal performance, investigation when using the

Gunn oscillator for a practical unit, characterisitics of the oscillator manufactured and irregularity of them in case of quantity production.
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An X-Band Microstrip Latching Phase Shifter

Kamakura Works

Sagami Works

Kimio MOMIYAMA - Kétaré HOSHINO

Shojiro NAKAHARA - Hidetoshi KUREBAYASHI « Akihito MIZOBUCHI

Conditions called for by phase shifters which form one component of the phased array antenna system are : compactness, lightweight,

low cost and- high reliability. As a phase shifter to meet these conditions a meander line microstrip latching phase shifter is adopted for

the investigation in view of materials and devices. About the material, compositions and sintering conditions have been studied with

Mn-Mg ferrite to find excellent ones. Regarding the device a current-controlled method differring from the old practice has been worked

out to result in the development of a phase shifter to satisfy a variety of conditions.
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Structure of a 5-bit digital phase shifter.
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5-bit digital phase shifter.
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Hysteresis curve for ferrimagnetic material.
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Driving circuit for the current-controlled phase shifter.
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® 4. 6 WHHIWTRC & BRBHER

Current-controlled phase shifter.
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Application of Microwave Techniques to Electronic Range

Kamakura Works
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Shyojiro NAKAHARA » Tetsuo OBATA
Kyozo KOBAYASHI « Kunio TAMURA

The electronic range is the application of the microwave to the kitchen utensil. The dimensions of the portion of the oven where

the waves are present are large compared with the wavelength when it is considered as a circuit, thus a nuinber of interesting problems

being posed.

This article makes description on those problems handled up to the present. One of them is concerning the microwave leakage, for

which regulations for the safety are expected to be in force from 1971 in Japan. Studies have been made on the door with latched

handle structure and choked one, and also on the shape of the finder to peep in, the result being introduced herein.

Another one given is the measuremment of electromagnetic field distribution inside the oven as a quick and accurate method of

checking the performance which is accomplished by the use of liquid crystal.
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Choke construction of microwave oven door.
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Electromagnetic field distribution in an oven without a stirrer
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Electromagnetic field distribution in an oven with a stirrer.
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Type VC Low-Voltage Vacuum Magnetic Contactors and Their Applications

Nagoya Works

Kenji MARUCHI - Hiroyuki OKADO - Yoshiaki NAGAO - Humio MATSUMQTO

Because of their distinct merits vacuum magnetic contactors are extensively used in the field of high voltage installation. They are

replacing air and oil type apparatus of the similar operation, and are expected to spread into new fields. Nevertheless, they are handi-

capped in the sphere of low voltage engineering because of the disadvantage in economy, dimensions and the employment of bulbs. This

prevent them from being put into practical use at low voltage. Under the circumstances, Mitsubishi has developed type VC-600 low

voltage vacuum magnetic contactors by overcoming various troubles concerning them. They are put into practical operation for the first

time in Japan.
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% 3.1 VC-600, VC-2x 600, VCL-600 T Digk & Hik
Ratings and specifications of type VC-600 nonreversible,
VC-2x600 reversible and VCL-600 latched contactors.
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® 4. 1 VC-600 i {2 RS O RS

Construction of type VC-600 vacuum magnetic contactor.

M4 2 VS-IC6AWHE21 5T O &
Construction of type VS-1C6 A vacuum switch.

B 4. 3 VC-2x600 i im0 B2 R i o ik
Construction of type VC~-2x600 reversing vacuum
magnetic contactor.
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#£ 5.1 VC-600 I o B ¢ i%
Operating characteristics of type VC-600 vacuum
magnetic contactor.
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Variation of opemtmg time.
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¥ 5.2 VC-600 1 i s 72 R e Al O WA Bl
Operating oscillogram of type VC-600 vacuum
magnetic contactor.
£ 5 2 VG600 I o # & |- 5
Temperature rise of type VC-600 vacuum magnetic contactor.
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5.3 VC-600 & {EIEHZZEREMIEE O U« Biatkh 1007354
Interrupting capacity test oscillogram of type VC-600
vacuum magnetic contactor.
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X 5.4 VC-Zx600 Ji LM U« Witk 120954
Oscillogram of chang-over interrupting test at type
VC-Z % 600.

F 5.5

KM OBE U AR
Interrupting phenomenon of alternating circuit at
air-break contactor
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B 56 HZE2fwFiC X5 ZHMMEKL B
Interrupting phenomenon of alternating circuit at
vacuum switch.

WAERER 2T 20 LM 25T LT UE 5 B & Wil
LELES 720, BIEO Y- of—dor ick Y BEELESISET 5
BB 5. SPERER-CRRRS R Y LSS, E5. 5 0RT
X5 BT O B AR S AR I S 0 B 0 pETH B opt, LR
21w T T AR 2B U s &, 5. 6 KT & 5 ARERHSH
REN AT 2 ACRRCFIC R D, C OERL i X b B
FREINWREEEORLEIC A S, T OREBENE & RO
BHHE, FRH{trROL L ERb kY, VC-600 BT IC
Hico CRFC N FPEBL, HEICRF*»TE - ko 56D
c REWHIERZRL, COKE X IEAMBIC X - TE 1T k5%
ENBLDTHB. BHD -3 1olf—du2 2 (=4/L/0), LM
Bon b, BERHC 22 3 BB © R S g ikaesk
BBELLERTES,

v=1ezge I

~

z it 0<g<l

K5 3 EAMANDOEIRE, Y- 1uf—5uz OEHMIEL b R
HHEEOKELFZEHELLIDOTHY, £5. 4 R{HART» VC-
600 T ChHfA L 2B S D R EIEDERE R TH 5, T L DFHE
POEIEB I Uty O X 5 ABEUAH RN T 2 5E, A
b OREEERBIEE R BT 21T 5 BELEE WL b,

CORWRIERIMT 25k E Laid, (1) sLazic X353 @
(2) AUz22 k2D (3) 1057y KEZ DDOERD B2 7L22
Rt DU TR E 72 G R R ER O TR [ 60T O B R

AR EE, FEk LAREHEESHEBLEY Lick s, KfE2H
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K 5. 3 BEAFOBRMBI v-I1ob-dvz, REEE

Loss coefficient, surge impedance and surge voltage of loads.

(FWWCEHI 2 A X LT3

“ o % B OB p-vire-sux] Ro% R E
g 7 Zo (k) )
t~% SB-E4P A EE 0.54 6.0 6,480
37 kW A BB 0.55 3.6 3.960
x—% SB-E4P A B 0.55 4.0 4,400
7.5 kW A Hi 0.56 2.3 2,576
X% SB-E4P A i 0.55 2.4 2,640
15 kW A B 0.55 1.26 1,386
— % SB-E 4P A KR 0.68 1.24 1,686
0 kW A B 0.65 0.65 819
ey SB-EA4P A R 0.56 0.70 784
20 kW A B 0.58 0.33 383
%= 5.4 FEAWORBELD KR
Test results of surge voltage of loads.
Lol $—CRE kV | 4 SBE kV
3 B 2 5O £
& & w QAR L) (W% 4 2% )
A FOoBIR ORI BIR X
;Bf};f ip Tk £ 305 25 37 | 023 | 05
100V 3.7 kW R | s | 27 35 | 024 | 05
A 23 1.9 32 | 022 | 025
5 g
T AEE L | 23 | 24 | 024 | 03
SB-E 4P
00V 75KW | 5 gy | TR 47 1.3 2.1 012 | 021
i W # | 80 2.4 29 | 018 | 0.23
. & A 5.8 1.0 1.7 0.10 0.16
J gy
ik AR a | s 1.9 25 | 014 | 020
SB-E 4 P - JEURRRIRS SRS RS ——
00V ISKW | o gy 1 e £ 4F | 105 0.7 1.2 0.08 | 0.13
TP m s 14 20 | 013 | oa7
0.5 2.2 31 030 | 04
1.0 27 40 | 035 | 042
FROAV YT 7 b 2.0 3.0 5.8 0.40 0.51
6.0 2.0 3.2 | 033 | 040
10~600 B EIE LT

X RHEILE 7Lz ONERELTICIET 3 b DTH 5, A
Y22 REEIC X 2 ML 2R La b OTh b, 0¥ Lk
TRk O REBEOHERD Y-I 108 —4u2 20=A/LIC D #+
BEZHHLD
EolgT

Noguz S Eigctne e, BEEEL2/NELE
THbE:, DS LD EDIERFHT2»EME LT,
b, {EEERM I B & 4 B 2 L o IR s U e B
B eEOIDVEEE VL Do & DEERFE CHFIEELED G D L
bk, BERPREBIEEEL LN D, (EEEE—AFICHL
BHEABRAERILENTELY, ZOWBLECHELDL, BB I
VI X125 5% bbb, CEEET S E 200V Tk 265kV
Y, COERMEELREEEOEED—EOHBTE RS
VC-600 IBIC 5 \nC, B IERL: @l”‘én%mfmc i, u5u
2 BB IR S MIC T oS L5 LTh B,

IZI 5. 7 & VC-600 BB o RE TR %, K5 8D
W P HAAL R ER PR T C OREEEREIETAL 2vfoy &
EH A EINCHERE L, ChIKHTHROBECRB LI THD
COREBIRMEECE Y, R5 4iC R T LS CEFELIR
WENT/REREE AR Y, BSOS L4 ¢ 2 Gk <
b
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NP, NP, U
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5.7 VC-600 ) » R IE (R %
Surge absorber of type VC~600 vacuum magnetic contatcor.

X 5.8 VC-6007E 1&[EL&£UI’L£<J et (IR LE ORI )

Type VC-600 vacuum magnetic contactor with

surge absorbers.

6.1 #HiEpES

VC-600 BT A % ) LT 5 2w XA RA /X L,
PR & LClk, 2928 adwF @ Ro-2 OBERE L 115
BTH LR, No-R BLUBIICE L, R a2 174
2T % OC, IEFICEAMCH Y 500 Tulgelith b B2t L
BT EEEEL T3,

6.2 BRWES

VC-600 7z JEM i Al 1 BOREKINAF M ABAAN LR 6. 1
IR T T DFfRD b d K freld 50 THlalmei=r-cii © &,
50 JHIE C A=A rasL 2 HFHET IS a w7y 28T 5L
B, MMEHTF3CLRTE S,

6.3 HZEHa

V5-1COA BRARZ 5 WELE 21T CH B2, Thiktho
R L T B HEIE 1J74 Fou B O 24 7o B T % BR
L, BEMORM R MEENO TG Ih TR 2 0T, HARR
REbLDHTHEFEL TS,

VS-1C6 A JBREZE 21vF D ZZEIF 1075~107% torr FEJi5 1o i
BN T 548, 107" torr BYE D FIANY & -CRIVE afws O BRI
HEAERZOEIC B E o 7 < SEBIRC, MURBROIZEE 1075 torr
FRIE L2 B:nzao

F6. 113 3HE 2{woF OREHGOFELRT. ched e
Mm%y ET5 e, Who i 6’3?‘ FEELTD A FAt
1073 torr LT % FCICIXEL &b ISEFTL, Bvnb Dl 504
CHEET 5, Tk, HEAwF OEEFITERE Lo Wi 2 LEE
TNBEHICDH B %0, BnOMERIEESMCFEE2ZL 5L
x5,

PLED# XY, B 2 ey OREEFMICO W TS0 LT T
k3 LERLD,

VOB [REERAEER MR OEGE & 2 ORI - AUl - [P - BR - a4

FzO6.1 VCE00 I % Ay 7 7y 30 B 55
Results of electrical life tests of type VC-600 vacuum
magnetic contactor.

1,200 A/ #Bod —~FF <4 1.5mm

PR (FED £ ok 7 <A (mm)
10750 | 257 | soo5m | 7575 | 100 it

A S

34 550V 3,000 A
pf 0.32 lag ON, 600 A 1.4 1.2 0.9 — —_
pf 0.64 lag OFF

3¢ 550V 2,000 A
pf 0.24 lag ON, 400 A 1.45 1.35 1.25 1.1 1.0

pf 0.61 lag OFF

16— k-
-
-
-
-
-
. o
o
o
o
= Measurement pressure
o 10
= at rated carrent in
@
& 80°C
BT S
1677
1578 . . ! i
0.1 1 10 10

Operation time(Year)
B 6.1 Iz ol &R
Life test curve of vacuum.

6. 4 E""#Umf E BERMEFROHESE

6. 4.1 mEEHElRE

VC-600 9% CUJ HLC»n B2 210F €1 6. 3 Cik<A X 5
i FBIEEE S B 2%, Ro-A EEFMET BT & IC k> CHEED

BERHETHC LD TE B, Thbb, VC-600TEOFMT-IH
B UMTE W A2 KO RT 2T EFW D AOHE DERD B3 L,
T DT A= [ LEZE 2wF O 0w F W M R
3, *O, Ckg BIEON®ET A LE, B 21oF OFLAY
BIEF L vZ %o

T BRI O B & T 5 1C i, T2 21»F OBHRE]
&% 2~25mm Bﬂiﬁr}é& (VC-600Jgo> OFF :[Kfigc) "y, [
SR (VC-600 J-cid TR » A7) W BiEREn L 16
kV LSRN EEBERITE A, 10KV DIFChETiE e R
R ‘

6. 4. 2 BRWFGHESZE

VC-600 JE DB m REEAD A-Ats L DIPRT
%o B2 24(w7 OEAMEROBRAER 2mm ©, EXANA Mm%
HET Bic i VC-600 B2 BlkEIC L, BSMFEERED 917 &
(R4 12 2HEST 2.

@ o3 BEARST LS5 mm K HELCn» 3, 01T 28 1.0~
08mm iC7 o7k ¥A5 017 ORBERNIT DM i T o1J E %
Lomm iICHET 2. 20X 5K o7 BRI LT,
142 2103 OTH) 0w P ICHIET LT 2 ISREES S, #is ONCK
HECHET N2 & E—HIC R - e & F 2%, FZ2 2107 O R
kb,

7. BRCA®
VC-600 Bk = 0 F hje L+ Witk a0 LC,  HEIESRT
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SBHAOT &, BAFR & OEFET, tusot BRICHITT 3 £7.1 VC600 5 o 4 i £ # ~ D i
CEMTE Do Eiey JUE 2{wF O Lo WAL ERIEE (di/d) Maximum ratings of type VC-600 for resistance loads.

iR & A EREINE D, BEEACEREMEE LTz =M CE N E R KW BOH G B % R KW
AR FORMCE 2 b0 LB LN, T3 1 Ik BIMEH i U N R R,
DEAREYRLT32, £7. 1 3LU0F7. 2 ciBifAfKek
U: :]TJ?—'TJﬂ' ﬁﬁ@%ﬁ@}@ﬁﬁﬁﬁ%ﬁ?‘ﬂ’o 600 200 400 460 120
VC-600 T %#RVET 2 2tws 1%, ZiREOH &L AC 250V 1 = 7.2 VC-600 5 15 BRIk B T
AJOIL KzuatwF (Lt OR JEHE2Y) e TcE 52, B Maximum ratings of type VC-600 for capacitors.
PiiREOE A, AC 250V BA o L fiavzfst (X3 OU FB4E e mE @ wA T KVA
B) THIRVET Z2ORBFENRTH 5 2®, A3t SRD HERME
220 & 5 AR OB CHBT 32, KTEBUNE R % 200V oV sov oV w0V 4oy
O BERD L, F7.3ic VC-600 JBEFMEIEDE&D kTR 170 340 420 500 100 200

W BB D %R T o
% 7.3 VC-600 i DEFHEVER M~ 0 K TEH 2R M
8. & T Surge absorbing circuit for type VC-600 DC operated

magnetic vacuum contactor.

Bk, VC-600 ETEAREREMIE O, Mg, Wik vka
. e . ) T4 A B T EmMY o 6N

P X OEHALOAFEEHIC D WTHBMN LS, CHAMEES T~
» COHERERPEMBOMADOBEIC AT LER 2o DC 100~110V R=2500 0W

ABASHEREEC X 2 EEEOMER Y L A AERIC X D EE DC 200~220V C=50 uF
2 , PR 5 % ) T
HOBE, SRBATE IS L UATEROIAEH Y, HEX HV. T -2 HBEEARE DA AP~ VEERR Y TR D8 50 5 AT B,
BIICHER VT 2 WRMIC LTIT 2 2w e BT 53 DCH 5, 2. 7 — 7 HREHE TR 4 A GRS L BTCERET o

e o I e A e e e g e I e P . o P NSNS N
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Automated Dispersed Traffic Operation Control System

Hiroyuki TAMURA
Takao MUTO
Hiromi KANEKO

Central Research Laboratory
Itami Works

Kamakura Works

An automated dispersed traffic operation control system is cited as one of the most practical and appropriate measures in turning

the transportation system in cities to automatic operation viewed from general conditions. Through rational allotment of the function

of trainmounted equipment and the central office and wayside equipment, an automated operation system of high reliability can be

economically realized. In particular the amount of data processing with the central computer is fairly made less, and the data trans-

mission from the center to each station is to be carried on via station apparatus only to result in the economy of the expense on the

ground equipment. Moreover, it is the distinctive feature of the system that the automatic train control of individual units is feasible onthe

stage of practical use; and after that it permits easy extension to the combined system including the train group control. Thus the

system constitution is easy when applying to the lines already in transportation service.

L o A 2% &

FIHGENE O HIM LA MR TE Y, MELEANE L AT
C 38, M OFIHERMO HE L% 35 ATO RS A L X
h, X5 CHIRAEER DR Lo & »FHE & Mg 5 CTC 0Ff
TR b~ FE L2055,

BEke, FUH BT 7 MR 2 S EFMEHICR Y D LR
TSR, THESIHHEIE A2 OME LE iR E 2 e, BhEs
D7) d17 Bl & EiCZOBMCGEEDHT 2068 L,
DEHER ANWERZ BTS2 c 2 iz b CHkch 2 L EL DL
NTnZebThbo L UIRHELHIC I U 2 i il 2 10
WULT, #EN 2 EEEIE D25 ORERTEEAMEC o T¥ %o
AFSCCH, HINC ST 5% 3 & 3 5 SR OB A1 7 HE)
L@ o—5e LT, SEMRE v256 2L Y B, TOME,
R, B vazs BT 24 D ua56 KOV TIRR B,

&

2. BEVRFLDOHE

2.1 ¥EYRFLDOEW
EUDICREEINE v276 KX o CTER LY 5 LT B5HN %,
HELMICLTEALERD D, KELDFELT, BHEICKTE 4
~E2#HBETE DD, MEOGHILEZEMNE T2 H DD 3,
(1) g 4-E2
(a) Ruusdmne
(1) BfEX Y b - BEEOWE R TiicT 2,
(i) PFEFBCISCAREEZTE S,
(b) il
(i) BUH d1f OFLhics LCHE 2 AERHRSHIC L b,
Z O RR/NBICE 80, IpicdRRCHLT 5.
(i) ZIHERLED oD ATC il
(2) #BESHL
(a) BRFEE
(1) FUH@ERED =-F & LT, Swya BiCREEHD2RAC

*IIRAEDT R ERT R SRR

BB X5 RIEIE e AU, P IEHE R <
F5 X5 AlliE T F RS

(b) &Ik
(1) EBEEEE zoXAERNERBY b, FEHED ooy
HHHE & A BRI 5,
(i) hdufasErsicB LT, ARy Ve b L,
B e % BT 5o
2.2 FEHREVRTLDOLE
BEBEEE vaTs EHIKT BRI, RKELS DT TRD=2D
SR T DT LR TE B,
2.1 L LRI e Sy HOw filE 5 o bk

Comparison of centralized operation with automated
dispersed traffic operation systems.

|
WE -1

&0 Ll R { R R

Bz A% <

[T PN 4 SO N (4 FIHLARELHE X 4 ¥ 1CHE » TIE
e, KA A PE o TR W TwEABE K, FH
AR 58 CBBIHE BHEC G el % QB RM

g~ T

[O TR o e . p -
S ORI T K Sa FThekiCkoT, BEHEEL
Lo ELEARL{TC LR
TE Do
PRSI I L e e % Q © ATC i ic X
¥ 7o BBHE L 72 B4 back up T, se&ic Fail-safe & v
% & B TS e EETH 5, F L RIS B € k2T E ARER
ZHMFROFMICL-T, TOX it 3 Lattin- b e it
5 hBERoE A HEEPE R
FTELERD D
SPIBO MR, EEH o~ o P HHIEEBRA I L
b3 MENE, F-Xx HBRW, it EFIBHE O
ERELELT S, #uBginbTredtd 4,
W R, R IC (s O PORTBRTSTRS s IS XU F 20 B

R~OREAEREROF TR
5T, Ay RUE R PIHBG A2
WHETH D,
AT R T X v,
ATC, ATO, PTC ¥k
WS LTS o

TR AL B A TLHEET D

Fail-safe{t,, RMk# %
(2P I, B D Fvon-line

WM . . - N PP
B real-time computer, appli- REBLTED, B85 VAT AN
i

catin software %4&% DM DIRRITLEMELTDH S,

FAREHDLECEHRE N,
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?;J'f Lot

R, g8
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2.1 FIEHE 2256 @ Jovuo [ DS
Block diagram of usual traffic operation systems.
£ 2.2 HHOBREIEE vazs O
Various methods to realize automated dispersed
traffic operation systems.
PellE] Wk B # fiE 57 Bes
HEROBEREZ ATC K | - HEFON hk S bR+
ATC, FHlll | #5947k d D, 3 2%, KRR ICFEEEC
& B
AR R ET 5,
HEEF L L N v Fpdl . bR Ny '
ATO.HBHE l_ﬁ"‘é«rf Tjﬁlﬂﬁ'&-ﬁ‘ R fuibrs ot PPN i3
CTC & (ATC % MR, W, RELCH %L, one-man control
+ o %BETATOSEN $ 2, | WML L Do
A BT (kR dedili)
PTC (Prog- Fl Lo, PTC ¢ | « BiET 0¥ ) 28K00 ICikik
rammed 13 % BRIME 7 ek i % < %, one-man control
Srain Con | #i5 . (SUEMR RN AAME L B
& (ATC % RS R oy nas ol
s HEhs,
ATC, Fahill | ek S ROMMBEZH 5 | - futiES A0 2t kiEIc
iz BIEN ST 5, [43- -3 (I8
ik D RBHCESEEL | - BEF, PUERRROP D
e b, ATC o HiIB s % R KRB E R 5.
A5 tRE-TATOORE | « A4 vEh I LTHi %A
ATO. hiid
cre | g m??i EE- P, @roR | LESRECE bR, §h
+ |aw | PLUMAGOHEAKNIC | 44 il ERBICH
e | ASLEh s, IF B ERTE Do
Lo FEHobnE L AR
Fn IC SRR AR AL § TN
+ FLEOBAEMAIC S IRIEFT | - ERF, dokiia RO )
NN R % £ 5 o BRI E B o
o 4 TEALICK LTED A
PTC. Bghilt
ﬁ(Aﬁﬁ; BRI L b, £ b
sy It 24 ¥ ELR ZRACH
" EF B EsTED,
- HRBGHRE ORI 2 L
5
(1) & Rl

TRCDHHEER* K OB LI LE 5L 32d0T, ¢
NTRSUOTEOEHEINE L FIRFCEERRHT 2 c e 28TE W
e, FIEICHITE S OBNZEKT 5 C L IITRTHETH %o

(2) SrEBHIEE

82 DI OBV ITE O HIHEIRC 204, SROFIHES
ROEFT R BN - 3 2 ki, M LoREE % L CiczoEil
WHCBE T3 HNTH 5, HHR TR, vars EOBERELHE
R & - AT S B X BRI A D A E A
H5,

(3) & s

i 2 DFHE OFGEIRVR D BB LD b 2R O T OGRITHA - 31T
BIcwkas g, TXCRILEALHBILES E T2 b0T, £
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RIS

i -
Lomputer

TC, Display.
£

2.2 SEIEREGEBEE v256 O Jows ¥

Block diagram of automated dispersed traffic operation systems.

RIS ROBREZ EE LS 2iEHRERREREe L, dtckd
BISSRALEE: b SHLIC 72 B 7o, KT G R E S 0 iE s
A2, LaL, T2 1KELAELS 2BEAFREILE,
B XARECH b, BIREENSETHET 2 iR E2h
T3

MEIEIE va5s KBER &N 2 R E 2T, SR 7
& el RO i R®R 2. 1 ©Rd

2.3 DEHHHBECRTLOHE

2. 1 chEsk R w256 @ Jowy MEART. ik, AR
CEEREE, B, SiEESR) AfocBAIhTn 3 vazs
TH Y, FIH LA, B B LN, PRI LA & HEIE SP &
Brdewrlt, AMRLELZREYRSCTIDOTHE, ThiC
W LR 2. 2 i3 HEME X 20 SR & HELER 256 © Jo
wo lERT. € CTRiEx OFIEREG, BEEoRESEE (ATO
OO PTC HFE®O M) Hoiate |, FIgdfifl, &
B R R G IS T 2 DT b

2. 2 C5RT vaTs B, AHIBRE vase D—D0 goal &
AbND u256 THY, Huzrys PERCEETILI A>T,
S b —2EIC R vaF 6 B ER T 58 % <, Building block [y
C—BFOBBED LAY EHTHIT 2 LW EERF- TV D,
BB BB Lo A, Rl G0 B LD A
CiE->T, T2 2 CRTH > OHEBIE 0250 BEL DN D,
SHIVAE va56 RT3 Mx QIO W T, UTORK
ALk,

3. B EHEHE

3.1 Eiy]94 #iﬁﬁig(ﬂ(ﬁ)(v)

FlHA 417 &3 0 CGETT 2B, FIHE O EELTIT I~
OFIHEHD HE{ED T TH B, L LAaroHx ORIKIC
Lo ThUBFHEOFESIC X o T 447 AFAL S &, BMEEET
LT\ 3 SFE 2 A I 3 5 BRI 7 Do

TN O TMYERL & 2 R, FIHERE 5 ¥ CHHT 228D
Lo, 2D BEABECD bbb B DI 50v1 TH B, —iF
TEFIHE DR~ R U< HIH 407 2 T TImALT o8 M i
Abhnk S5, RRCEWTHRE/NO dr e BaEL, Tl
BRELEL AV S BICIER 417 IKRTLERD o

Swua B0 HT) 47 SO IERN AE LT ],

(1) EIE 417 BTz & Bic, T FRTIH O AL & ililiEns
RoET% 254 %,
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(2) RN OWEEN R~ OFIH ORRMFEED MEZTT5 5o
DZpaBT 5T eRnTED, (L)DootifaEide Lop
POBIHARIFEZMAY L, (2)0-0oi#Etinte LTk
Ol A ST 5,

P DBk & LT, T 2 2 ES BRI E T e

DulfES) & REF LD DREFRIC 2 & b, BT 5 gD
A1t PHER I NRIC E ¥ B,

Svua I - B ZEL T, BLOESAEDEHEE A3,
PO IC & B B v BIRBRTASC A Y, CoBfcEd
PGS BOME RO b &, RIFEEo IR LT
W s ZEEASLEIC A Do

E[T) s17 FREO 7030506 BT CREETLOOCHL0C, T
CCRERIEE v, ChiSBEARIHBo A NBHIIRD  F
DTH b

ATIER

(a) FEFEEHD

(b) EBLHIHEFS

(c) BEEFA

(d) BT E & #e RO %#EFT LTwv 2500E

HIDTs

THEFIE OS5 % BT LT 2 K700k LT, & OBCfla
WX %0 % £BUCHS T 20 BHRED b BFIH~ O HIEHHE 4 R
DHTEHEZ B,

I b ) AE B AR L A RS BEDBIIR 2 b T Jowr KER
3. 1R+

LU ECHInG %58 U7 BB 20+ F80s =0, M Rl ruiuis
KL L, HRESSEOREECE B XATRT B v i
PEELcbDTH Y, AHAOREZRTIETS L,

(a) M LHIEHEEAE & BT E IR A 2 SEIMIcTiia T2 C e ic X
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t
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3.1 M RHIRESEE & Hh LR GEOBIIR
Relation between the function of control equipment on
each train and the function of central control computer.

EEOGE

(A (&)
M 3.2 HEEEO 30,2 K

Block diagram of automatic dispatching.

DEIEFIHB SR vase - A - A - &9

(b))  FRESTEES b BRI~ OIERERBRO A CfT A bh
Oc, b EE (RN, hIETE R &) OB
T

() HHE Nt O/ WS © BT 417 WIRIGHE L T 2o
REEDBTLCENTE S,

3.2 REFBCIHULES

KL, HUFL DA D T5w bh-6 I 7 B PR B R i ITV
s REEL, FEA~OREOHT Y ChihirTHEL
T, BEBICIGE CARE L R RhLIEST 5 C L ATE S, FEHER
IR E 72 RO 2 HORE ), WIS RE R A X € Tk 2 ¥ER
5, H3. 2 CHPERICHT ML Jows MERT. TCT
EHROAMFICE T 2 WkEL hRFBcRB e s &, 1TV
2l LB R OB BT b iR ik o fas BT HIC
ANT 5, 22HOME, FMEOMEELLCEET 2 HIRAZE L
<, W R O IC B 2 RS 2 BRIk 5.

BT O A, BICREEREOLEPICILL 5 20540,
TESAFIHE OB AERTE L L < % & D 22 B0 28,
Wb 2 2 VEED, FIHE s47 cRETRETzcE 2800 A LA
wEwn ST IeR LTh, ARcibib.

AFRETEERONES L Lk, S%IERETs B
kL vars 2R LT, HBMNCES2 AT 7 2 hkbELbR
%o

4, SEFBESRTFLICE B L OHEEE

A1 BEERERE

SEITHIEL & DFEFEC X DB 21T R 5 20, ROEHER~E
ABOWED 729, B 5 \EEDMIRELP C 5 (G BV,
G % FIRF 2 & # B e L ATC 3R X RATL L v b
., TOREMRZTIIEI N T 3, HEMIERICH TS,
ATCIC & % o~hu HIIHEIERICAH S TR L £ L 6L B,

EHERIC T 5 ATC i, BRI & e ciiiliz & b,

BIRORERN AT R Y, 2256 &k LTHlilg e Ay
R, HOREEEE Lk, TOERE MBI 2 E T3
T ERAAETH Do

ATC ZEHRENMEIC X b KO T2 KjlEh 5.

(1) ATCHi -34m

(2) ATCH 1-%Em

ATC M L¥EEoBEeR, TERER % v <285 L, #bid
FlHics LT, J:um!-’?%l%ﬂ_@fcbbVc)rFLLfDEIW BY R-cHIBR e %
W, TREFFECYEE %8 L <HRBEFHEICS 2 5. FIE OBE
AD D OgER, M - 5 MEOLRM W & 5 BJEHIER X, WiC
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Block diagram of ATC system
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Block diagram of control equipment installed at each station.
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Adaptive Control of EDM Process
Nagao SAITO « Kazuhiko KOBAYASHI

In the electric discharge machining (EDM) a servo mechanism is provided to control the electrode gap at a constant value. But

with this simple mechanism only it is impracticable to cope with unexpected changes in machining condition, and it is desirable to have

adaptive control in the system.

This article reports on the experiments in confirmation of several factors affecting the stability of the EDM process. It has been

made known as a result of the experiments that mean working current is to be controlled. By changing the machining condition such as

the pulse duration, the peak of discharge current and the pause period chiefly in accordance to the electrode gap condition, the adaptive

control of the EDM was examined. One technique of the control, a device DIAX optimizer and examples proving its effectiveness are

also introduced herein.
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Photographs of machined surface of graphite electrode

for various penetration depths.
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Current Limiting Arresters
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Elevation of reliability in electric power supply is demanded increasingly in future. In line with the trend the part to be played by

the arrester becomes important, more and more. In addition, the improvement of its performance and reliability is nevitably demanded.

Under the circumstances, it is very effective to make use of the features of current limiting arresters, that is, low protection level and

high interrupting capacity.

This article makes description on test results of basic characteristics of arcs in a slit, an analytical method of current limiting inter-

ruption phenomena, and the construction and characteristics of the current limiting arrester developed based on the information made

available by the above.
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Relation between arc velocity and current.
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Potential gradient of arc as a function of slit width.
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Quenching material and arc column potential gradient.
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Observed cross sections and currents of arc in slit.
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3. MFEh7T -2 0RTL v BERE

WIFEC AT & PR BRI ORI S h 3 7-2 K2WT
Wi, BRREEEE feul OHFCLELRTEA © F-5 738
biico L L, JHROMWEL frud PO 70 BRESKTEHIIC LD
MET 70 BOME, @HFAR3IN3 X5 AEENARECH 5,
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g:ix/gA:V_Ldi/dt._r[ ........................ (3‘ ]_)
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B I OCRBIEN b A B, 7o & NREOBMER E 7-0 WiTH
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ek 70 OWIEBNC AT 2 2 E2bh b, —F, 7—0 DG
KR > CTHIT E DR EF SR LACBEREL TV 20, B
FEE D 7o D MO & PO s X UBBEIC X > THibh 5 34A
RBP—EBEFET DL LB TE D, LeHoT, 7-2 OFBEE
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Simple limiting gap for analysis.
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Section of arc in a slit.
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3.2 BERG

(8. 5) BB B -CH D, MHMIiZd AL T
EETE A\ T TTRAETRFHE T (3. 5) &y
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¥, X (G.5) KHbI 3 H R OEE 2 B IR E %
WCHEY B LHERD 5, EDOHEHICE 3. 1 O $£vv7 O Faitu
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Voltage current characteristics of steady arc.
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E=k/]o, to==ho 20N/ Ry]T oreeeeei 3.7
3.3 @ (B.6) DEEBHIFHEER L2 DDT, 7—0 OEME
KR ERBERICH LTR—EE E %&b, B o UTickh
FTEMICKEL LoTn3, EQ{EIFR 2. 5225 80 V/em, 74, ®
ERSABECHEEHEINE O, ThbDfEs LUFTIky
bhice DEEHE, G 7 db ks LUk OFITRO &
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<hp DAEY 7-0 O 1vswt— EHEEDOT] bp 1T 70 OREERD
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TokELDE, L B3 DEIN o & LedoieX (8.4) 2/
W5z ik hIREHK DI,
hp dAJdt= Ry A rveviriinniiiiiii (3.8)
zT ik ADPELRWEEEEL TR (B.4) B 2THITMH L,
B BT HFwI B REELAVE L X (3.8) 2/
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ERDBDT, 70 OWFER hpfby TH B, 1 KTEKHD 72
DFFEFIFI 300 us L LN BT, LR > Th OEPRD L
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hp=33 Jjcm?

BlE, Kb emEmike vl B.5) o Hfst e o
AW T Feib SR %, 3.4 (a), (b), (c)DBHT
. BHERE TR (IBM-360/75) % flv», Runge Kutta Gill
OFEIC L Y FIEY: i=x=A4=0 7 b3F 24 % % BliE-C step by
step DHEFD 21 Th o b DT Y, K 3. 4 icGFERE 70 B
DREZELERL TR 5,

B 3. 4 DI ERIERE R T FERCHIH L 2 #vuT OffiE
i, [ 2. 2 OFEFEROND b Ic 75° KA R ERE v 3
g0 bovhh, FHREHIIR 2. 1 vk, V=5E=RE
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Experimental and calculated results.
EHERPE () DEECRTEIE W icw—8T 252, TiRHE
BRKEL AL EMBORNECHEKENT EXXbh 5. UL, &
HOWBIC K > T 3HEIOHRDOREX Eb D TAETH EDIC
bbb, AR L ERIEROMM L ZEMICE AT
E—BLTw3, &K, BRoZE{ticowTi 2 L, BIE ¢
0 7 b ERECRIMIEHCE £ 2B/ £~2 KT 555, BESKEED
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PN EEREEDNEN, EDLS5KC 7—2 DETFEHERLIE
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DLDOTEAEL, HIFRUDZECKHIHEEPET L, DTS
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% Fowd OLERML R B,
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(2) HEAOMFERADZLKELT D,

(3) 210 DRI Jowo BEE L, vputfesd 2 HW
%D DT a1 BHLOI S 145 ) 5D DAL,

4.2 EREELORR

BESOMT EFREROL 5K AEVIES BLwOTHEH, —
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I ER Frod TRIFE Tl k5 A — AT z0d 0L
BEERAD, MFEE AR E UTHE D IR 7—0 M Ch i
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LRDAT ED R BKREFTE SR & 7—0 OBET)R Z O C
EF2HERECZ, CORGRIEFEHBKEL, 7-0 KA
WES LW D bKOE S KFRENE, B4 1 X KEH
D 70 B 7= ROMF EE Ldpd okl &D p—o OO
RECHs, 7o WMD5H, AOHWHOMTEL b C Oy
DHFEDE SBKEADT, ADWH LY HCOMWSRL H AL
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RELT, BHRECOWL X AR EHNPT AHIC 7-
O RMFTEORENHHCBTLESE L, BEEAEEBrX) 7-
2 WIREDOFHOBHEH AWM TR B ICh Db b, £OHs
Ty BMELTEIDLEILNE, BIADIBRE/DPI GG
i, 2DX5% 70 OFERGERLh AW b, CToOB
GEP I, 70 B 58 ROMT FWSICE Lk 30 7—
I REBEETARELT, 7-2 2H5REEHT S X 5% £oud K
BETLORINCENbRD,

4.3 BRUOBRE

FRATEEERICE W T, 08 7—0 1CTF 272103 S B M
X VERF L« i 217% 5 € L XEREINE 2, 7—0 BAEICES
ADESAHED Frul KBTI, Volkh 70 BINESLD
H2LTHECHBINABBIC S AR PIBSEIC 70 B2, C
OHFMOBLEREVRERR VIEIN 3 & FiIcik, BRI LeWisc
ERnC L33,

2EOBRE VERIMOBL LM ICR, HEMICE T 28O
MEfEKEL L DFERVCE, BRCHIAYHE ) kxS
LRV L IKHEETD E L,

4.4 BERXWE

M EHT 7—0 PRSI IR 288, M il 7~0 OB
THcfEo THAR WALEL 2. 2, 3 BOYECR, HIT & OUIHH
WORIEE Uie S, HT DR X CHBT 3 &, -0 OREE
RIS & A EfTTAbRAWT EBHE XN, FEEEOREE £4
53 Tt 7=2 OEEBICEES fin 2 $owTF DICIKE T &, BT
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4.1 F-ARHTEHD 7—0
Arc in a tapered slit.
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Section of improved interrupting space.
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meY, MEHOMREERER sI-A D5 b, &) DHLTERELE
28~140kV FTORAM o52 K2V CHEGILE N b DTH B,
B $owd ORFRE®R 20 h L, B L e WihAE SR LA
s JvAZE ALEN T, ABMEFEER 10,000 A,  BRIEMENES iE
X 25 uF OPIRIEHER TS %,

5.1 # &

SV-CA Jp MEuaid, 28~98kV HEmAs 12w & LT
TwB, 1HE LTS5 1ic 28kV 120 DPIEHEER % 7R T
PR LI OER £vuT & 2D LT ICHIE X7k 2 R
e, TR 4RV BB e L, LB U Chskic iR L O X
Nd. %7, WIPERAHEM 23vu7 & G S o IEb I
Ly AnEh BRI Tw3, [EER BEO 2470y
Aot ZPEDONEECIERET 2 c L ick > CfTAbLTE b,
R E R~ X RS IRE R 2 RAKIECHA XL TR 5,

T T 3 ARSI IR
3
R

5.1 SV-CA 7 28LkV 1=y TR0 ARG
_Internal construction of type SV-CA 28kV rated arrester.

RV AV BdkV L O8kV 112KV 126KV 140KV

5.2 SV-CA® ﬂﬁ‘%—?%ﬁ@%ﬁ;ﬁ (52 28~140kV)
Type SV-CA current limiting arresters from 28kV to 140 kV.
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5.3 SV-CA Jg BEER £rv) Rl & R 7~ OBREKELG
Current limiting arrester gap’s configuration and arc
movement.

5.4 —HEINT L 14KV £pu31mub
14 kV rated gap unit.
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Oscillogram of lightning surge ope-

ration on power circuit having 3 kA
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Oscillogram of lightning surge ope-
ration on power circuit having 33 kA
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Oscillogram of switching surge
operation.
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Development of Electrostatic Attractive Plates

Central Research Laboratory

Kydichi SHIBAYAMA . Katsuyoshi IISAKA

The electrostatic attractive force known as Johnsen-Rohhek effect is applicable to the force transmission mechanism with various

technical instruments.

Investigation has been made on the J-R effect of the electrostatic atiractive plate constructed by adding a little quantity of conductive

carbon black into polymer binder. Based on knowledge thus acquired a new electrostatic attractive plate has been developed ; it has

not only large attractive force but also ease of fabrication, good reproducibility of bulk resistance and possibility of economical production.
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Equivalent circuit of the Johsen-Rahbek effect.
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Evaluation of electrostatic attractive force.
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J-R effects of sample series containing carbon black

and insulators (applied with DC 350 V).
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Contact resistance dependence of attractive force
(sample : A-series).
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Applied voltage dependence of current and atractive

force in sample series containing carbon black
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Applied voltage dependence of current and attractive
force in sample series containing special semicondu-
ctive powder (sample : B-2).
4.2 PRk T AR O T-R H)F (DC 350 V EI)

J-R effects of sample series containing special semi-
conductive powder (applied with DC 350 V).

at * - S 3 [ ‘7’& ?J ]
13 Flg/cm?®)
B-1 0.20 1,800
B-2 0.20 1,300
B-3 0.24 1,350
B-4 0.18 1,100
B-5 0.18 1,200

) 1. eRBEOWEEDR 1 0o R
2. METARY EWHE cmys

To

F4. 203 DC 350V coWEF|HNERL, WwihoiEhd 1,200~
1,800 g/em® DERFRT. R4 2 XU R4 350350V ekl
% RJ(Ry+R,) % +5 L, A4 1tDnTlE0.08, B-2 % 0.57
LhB, CHREREHERIINCEATHG0 Eo3ee 232, FHBIC
BEERECHLTHAOE{LTY R KEDBT LS, FhZOMD
HHEAER L EE TS L, B2 ¢HMNINARERFIOKELY
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INEEST R, O8IIic X » T TE 2w X 5,
C OWFFE-chEZE L ARk Eid ok, BoFik & O RME
NE &, FREEC X - THHBEN D |MERDENR h-Kvdcwr BT

AR EWARTHR L, BREEED S T &S

IR E D - T

O TEMIBRZHEO v, CORDKELHEBRTIIAELR
TebDtEILND,

BB R A TA R T b L7 1.8 kg/om? O &I 1) %
o %, % R OMAE L 6 O /NI L M o3

wIVCHR L a o s o 2T 5.

b b ke

Tothzibhd,

ceTitick b 1=033, n=6, A=452cm’
AL, N=18kg/em® 43 & T=255kg-cm »fE3,

T = tNRAR -+ ov oot (4. 1)
oo PRI
N : $E%G 1)
n s O
A MR
R : g7 HEER
, R=285cm %
TDfE

BEMWCTSFIAT AR E S TH D,

CHEE A B

ATEEIRIEE ~ DI A S 3 HRERS oW T, #ER
FINFRME B2 720 DR & LTS [ & BROE O IS
TEETHD T ERHID, CNPERIED DR
REESTEHE R T A L ERS B 2T L. COR
BB, EHUEOFREA L (BENICEETE, EHicgEL

53 KRESOUBRIINE D> TN D,

(1)
(2)
(3)
(4)
(5)
(6)

% F X W

R. W. Dudding, et al : G. E. C. Journal 33, 2 (1966)
I 2R BB 3, 1 (AES8)

A. D. Stuckes : Proc. IEE 103, 125 (1956)

JEEISGEE ¢ 5 994676 B The General Electric Co., Ltd.
C. J. Fitch : IBM Journal 49 (1957)

Weh : BT 17, 665 (1743)
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UDC 535. 41 : 778. 534. 1

rl 5% iy BE B TP PLEPPT PPTPPPE

FATIT7 4 —DEREL~DISH

-0 ZHD BN TLo oo KRG RCEHBEAREHRDO—D
THHC LR IO TSR, Bl 7-01 £EFIHT 20O
F LS ARSI AIN L 5 L LT3, TLyb0ZoR T
Kb T3 -y 2581, R RIE S DR & B
@ﬁfﬁ&bh%% P Ll C R, ZeRINERS o2 sE

ZRIETE OB cfihbi b,

O UCERT & L & & HICTEEL TE 7z hodso4~— (ho-

lography) & #ABRAD 2%, K05574- £D DD TREV,

woF574— DFEHIE 1948 4E D £~ (Gabor) OFFZEVIC XHh D
%735, 196242y~ (Leith) ¢ »A+zo2 (Upatnickes) 7)>»\f*f‘)‘c®$lJ

HEWSP L p1F7PREAL, %7 1960 4ELSREL 2 D
B2l LY ZBACFH T itk >T, Hh0d524~ DUER

SHEIIR A T o SERRILRTSHRO RSP, WMloLERE, K
RS RIIR OFRERTT L, hodsoq— THHINSES EcELbhk
o e LBl AS K x ETIREIC A& D, & OWHED b A TIHMIE
FCRELHFEFT DI 0L TINA. LaLERERTOTEAX L
CEGTNEIC D 2 b b o, R~ OB E AL b i
BTL @ Anderson bic X % hog52«- IHEHFHBT AR 120-2
276D FES, Th e THABWIEHIC T ERIRETD > o
IBM Z0{le % IO 23 5 23, PIEREEEH T Av,

—J5, D H5— VTR (Video Tape Recording), EVR (Elect-
ronic Video Recording) % Hu.l> & 3 38 & [T HEWIIC & H O TIHER
THDE, TDLkshL EFKECEEY4DOOH 5 RCA o
075704~ IGH E5 74 FodR gz or5e (1969 4E 9 A AEIIT “tuo
atysu” Selecta-Vision ¢ Frilz. BIBMEL-TS. V. 2BES,) A5 1
Tl -1 BRI X 2 H LW ElfcH 5, HEH IhTw 3 Bl
BRoX 5L bbb,

(1) Bmiads, <&, BT ko Thbh 2T iy
OGS H Y, EEEEEA~O 7-91 245 & v 5 BEHER A sk
R c LR TES,

(2) hodso - OISR & U-ClAEfili A S >4ns L
B o e RS, B, EfHEE-CLA D KEENCED oo Blo
0J524995~F (Holographic Tape LIf%I5 L« H.T. 20E85,) %
PHFE U o

(3) BgEHAEorzHT. oMEXIAELLATIE, #EL
Tw?, FeBvriddlECHY T3 HT. 55 b 5IEEE s
FETED. TOT L RWEOFEICEMYRRKTRECZS L,
WE% LTA L EiChdTRL & bck, HT o) EioN
#E, FRHEHEORIG 2 Lo R d35,

(4) H0J304- OFLCRABOBE L-¥ 2 2HL§ 2 2,
FAlicRFAFim D He-Ne | RHEHTRETH 5,

* S TEET (B

2, SVoOFEIE

11059574~ O—REAFEMZHHEL TH5H S. V. IKidvw3 D25 H
FoXScBisrd Lvhvs, EEIMcH 2, S V. O
M C hod504— O—FETH D S. V. BEICHEFEL T B L 2,
H05957~ O—MMFEBHAEE L+ v X s iclbhs. B
REBEILV 52 SV. DR AHICAZ LI LR, S V.
KOS5 20— FFEHIC & » T “aoviz OO T¢HB e RRTH O
LiEbh3,

S V. tsdsicEsrR2. 1 cndhikcffabhsd, CE
M. ¢ i h5— Tva-Fw F 228—(Color Encoded Master) DI, h>
~FUENAS, H5- VIR, RAGUHE Jovs HOBERESE NTSC
FHREE» LML T 16 mm E15 oqus KETE-L B L b D
TH 3, CEM 0EEvzss kowTlkcEikdsoc, T
TREHROBE Sovs (B OX5ADDELEICELTHE. L
vi OEE DI AN CEM 08 b - LT3 &,
C.EM. |o#s (AfciEses,) »ba0E Lol b
L7ed & EF7RM e 2> TP R.CFc A (A% B &3 5,)

Ly 2 SRS

P.R.C.F.

AL~ k)

thy Ea

X 2.1 RCA @ hodsr4— G E54 LBk E
V5L (tuvoatsay) OFEH
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% 7 AR B o LpPPEdPPETID PPPPTT PP TTT

T 5%,

P.R.C.F. &M 94 LERE 3=Fwt D46 (Photo Resist Coated
Film) OECihicEHRT 2 23, €2 CTREMREOERGR E
J4lt & LTEL, ke BLu-yoFThiaz P.R.CF
As (A% « b$5,) 43, PRCF K ARFHIO0
SEFERR Y, BB e, P.R.C.F. L EREOTE
LEE %2 3, P.RC.F o, K02 gchflte BRL
ARBTG5 LT &, ko skm KH, KI 0%
s&(Hz+zD) g A on (50 5L 5B~ b,

(z—K) (sin e+ sin B8) =nA
T CBTEHEEXNE IO LI, ThabbermEEEy T
5L,
_dn
dz

(2. 1) RS - i =0 OIEFEH A AL B 5 A OO AK
LT L 0B EN Y 54 5, TRk TRl LD, sfhEDOL
* IR ORI+ Em & 2 aE 5 k5 AMERERO N T 2ER
¥-Ch L33, P.RCF cBEZDOLOMIL (i T2,)
#1F ¥ LT kogs574905—73 (Holographic Tape Lifg H.T. &I
Fo) HTE B, HT. 3 S.V. K\ Clfutl fodss TH 523,
CCTEMYREE 6 KHBOMP W LER R R 2T2b D L
T#, 2DX SR HT. 28D E0MECHIED &L, i
D& ELMOGHHLEMEBIEN T AR EE S &, PEELHO
FHENCEHTHEEE T, Lo CTRIAENTD L DARIKHEGREES.

y=votdyv 7L vo=5i;‘“

R
V—.—“ﬁ

®(2.2) 3 H.T. -oZef At & ER o () AT 3 C
EERL, ACRRRTEHEAD D LSRR ZEEEREE S
e H T.2MmICSHLTnde zhb h~DZHIT >- )T Z|T
HHCEEEI ETH ARV

C.EM Lto—EARHT. LCi, ARBECcicdhoTh A0 L
HAHTHAOEEEO LE L kY, ZOZEEMELy 35X (2.2) O
BICE D AO=h & —ROBIRICE S, Lca>T CE M L0
BragmcomlcEing, BT ceho&haedisd s
x DT & B ARHO LERER L CHEE I Tn 5, LTl
FE(DICBARZIFERH L 20k - o

2 L(b)eRcbrzceld, BT AzilicHiTsadbh
F Lok & OEMREDL - Th, £k o HECTITH ARDNE
BEbbAhv,. AEALECOBEMABIE—ECREhTEY, A
BOMNBRABETTEYXLALTHLE, DL & FFIF L CUE
D16 D X5 ICAHUTOE S EEASET L TW3EE, FI00k
07546 ZHEETS Jv I ERENESE LA H T. 2 —EHECHi L
< (BRMICIEDF i) BEEHET LB TE D, 0BG, H

:'}T(Sin QASIIL B) rrerreereeieenees (2.1

A e e (2.2)
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T. 2WMEERELE e Td, BEOB & HE(LT 52T T WE
DXL I DENARRZLD L S5ACLEAV, D EALHT.
P EONBECHIEEETCITLABRAFIET X0 TH S, L
HoTRIE(3 ) ABEZEL %,

Bl a7z 8. V. OFesRFE YR, fods5s ORTE 2590
H—25-0454 (Fraunhofer Hologram) & MR, 2 b O % SERR[ME &
CHBELZDDT, Eb—FEMAREIC RS DicchieEBL
TRV, K2. 2(a) OFE:BWEL XME s L 5RDDEN
55 SV. of& L FARRICEE L BRI CERERYERL, HIR
L7 b D7 hiodse Kh b REDATRARKROLERZWOR,
LEASREER AR ch itk b, 70056 XS V. D
BEoH.T. FHGEEO LEchbdhb, 8 OBEREDNR & &
B —BOHMTHMMERLS - CEPFEEELE DT, b LOFE

— RESC Tt

b)E &

/
i 7 R 4

N N PR
. et . —  EETE/EE
I ey
2.3 I5%ufi-Dr-H0s50 IC & B EEER &

Zef8 A IR O SIS IR
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PPPTPTPTYP PPPPTY PPPPPP PR Prd &% i A7 D

TR DIHZ ORI B L i i < (MDD B % 2 U 2
B0 & i Lo OHEEO (i il & TEAIC 200 -u AT
ol @2 30WEAELNG, HgEOROICRH S HE 8 ol
PG 3 % e EEEC (2. 1) 25

sin B
o
A

HR O VT OGRS 2 BRI T Eh
SELEID) 1 2B pgeL Ena

L 7cid o TR S35 M)y & 2RJEBoMRRR 2. 3 o
X3k, MRy e odHR oK LN B,

TOWE hogss WIRIEK (v+4B/A) big/h (v—4B/A) DY
ARG ENCE Y, GHER o RRdeEL b5
Db, FOANBIBAL 248/8 D E—t BIEEL, D E-b DL R
RBops 2248 OFEPHDET L 4 VT @ B ik B
RP LR DT L SNILOETRRE O, Tihbhnk S
B 7 AT O MIIC K DG B L B B

BI>BAB  reecerriea s (2.3)
hod5s & EBHREVEFICERET 5061 0 KL & MFHER, vud D
FER D MR IR D 2w b B Do

B D F05594- CHEMNAE <, WHEHKEOTHIC X -
T hod5s6 V- Twikeo Lichio TYRH LI < (P (% o
HOFNHE WS P1F07 K E->CE2. 3D X 5 A LBRIEO 43 1
ASUHEC I Y, h0F57 4~ DRI L L e,

3. kRFS74—~DFEBEFE

25wt~ Dm-hDd54 BIEBC, SHHOTELEOHE b Ch
5T ERRF LA, DAL, BIDEOWFR A F e )T 238k
HECH B D hodss CHTHBLERTRKLBOLEE ) b 5,
b EZEEER 3. 1(a) © X 5 ICEHiM O B
(zy M) W AL, R 10 A & OBRE O Wik 25
CRICHEER DEEC, hodss BEGTKO LE L A5,

TDXHICLCTEXL hodss E& 2L3nA Y—v Ju—b (Fres-
nels’ Zone Plate, LMK L-¢ F.Z. P. L3 ) EIES, ® 3. 2K
FT LS D) Lo 5 WD Lok DYEHEE DD X 5 A
YDOTHDL, ThHEF. 2P LOo— y KFEESHAAALT
2 &, REEICENAT Lo~ KEWNEAD LWk LoED
ol TAHRHERE, HFRL hoJss LB SRR &
T 5. 0756 HER (FZRER) FoolR LA LT
OHEIEgCINE f LT 5L, vickT SLFEANER B

e s et
VEN S -1
VPEEBEA ST EERECAS o The Y, HiELO—dEn

H0J57 4~ OIEHEIE~DIGH « HH

B 3.1 Fmd (BIOE) &EkmB (i) cx

% F.Z.P. 0

Rik+ 5 —kEFE
PEHSNA v )
ok
if
O //” %y

__“\,u/}/:’—f N /
5 p

B AT B— R Gk

~1.7.p,

3.2 F.Z.P.cXsluliy

b DI C NICH K DS, 3. 1(b) RT X 5 KFih
LERZHICR Y, 2olERkcsibns®,

2 OO
ye 1 7 [ (3.2)

Jele L
_ nAl—flcost @
- cos? &

A2

. n2A%— f2cos? &
cost o

B

_ mAsina
T costa
Cn FIEOREELT S
H0J56 KT 5 EREEEEy &, F.ZP. 22 TXGB. D »»b
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BE 7 B D P PPPTLTPP PPPPTPP PPPPRP POPPPPrrd

B 3.3 #iodss i 5Bk & BAOTBO
=R

/ B
fFnisd ERADBE

K 3.4 ouxukodss OFeske FHi:

Kbz & REFIREES H LR, —BkREEn e LCEREKR
Fo—fic sl 5 HEt & BEEIED AL D b T O DM BB
v FRODIFEBLETH L, R (21 b20—2TH 52
3. 3KFET IS ASRIIHWRRICE T 2 —RAnplch b, m P
& QAL BICHEDONHO—FTHHTHE L L, Q LF5MmHK
DR Kos56 HE QM, QN A58 LCxEb Y, P~DOMjgEo
Asbilhe R, STaEb b & L, Kk (PR—PS) #ik » D5
Blernilk#® o, yIoncREHLTIC LY, o vy HHEAD
LR vay vy P R OZREIEEE y B8 ON 5,

=4
PES:

8 (PR—PS) cosy - sina-+cosé . sinB

va=o— - = s e (3.3)

—- (PR—PS) _siny-sing+sing-sing (3.4)
Vo ay A A

YA VRV e 3.5

DEoREs P CZo0FEENASHT S L Le¥inh 2 25, K
(2.1) FAfgic, PRfBEo LiHREREO et Fme 4 %¢
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(LrmEmil)

(elBE%R(2)

3.5 iogdss L HER
BB OISR O K F REREIEIC DO W T b I T 5.

Bl hodss WEsl) 2T LEOIE & SRR O 5 0k
5%, Bh LX< Hwnbing suiutosss (Fresnel hologram) o
i, RO Ww kRS, KL OO 5 1B ISR,
259 uti—D7K05546 CREFIZRICTER & LTCAKT 50K L,
2LALK0S56 TRE] 3. 4 O X 5 i ik & BEEERORNIC Lo 28
b, REHE LCAMNT 20X BETH D, 3. 400D
B X5, PklLo—EmEEREFR hodss LI F. 2P #BIK
LTEY, HEDLichon F.2P. BIREFEHTX+TEN
ENOd L OEDOERLERPES (K3 228, COERIY
A b VIE, MEA b & EHE L ORI A 2 O-CEERR
DIE S EFIAHT 5,

B3 2hbbhrdldc, —MRC fodss 2»bOo—KEFLR
HO & EOYEIL E o L A F—DHETH B DT, K054
L 2HEBRIRLECLEN AR (ZCehErEd 2858 L 74
B—OXEHIFR) THd, /b 2, Bk TRAAWHDA
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PPPPTPP PPPPPP PPPPPDP PP PPPdd 52 #F AF 5

MoOMEZEHTL ks TRAD LI A2y, HIEDY LIk VREFENTE ¢ B 0T, i Kod5s LITEND SO DO

fRERRICESTE D Y, EROICELST&h4TECRTE TH D,

KEHEB BT ERTEL, M 3.5 RE—D fosss TR FZP loCTehED KX, BAHO LA LRAILLS

EERBELTHRE LABETH 5. i F.Z.P. ol D, #HEATEE 2 EHREFEL TCE AR YE
Kodse WCRLET 5 BRI EIC DWW T, B 2. 30X 5 AR B, TOXSHRRBPNDEDOPRr FEH L 21 ER2T 60D

BHY, HE VERAFHERZEHTER W (9590F-07-K0J54 5/NEE, Thabbr0 F.2.P. ofhEerEDbT,

KO Th fodse 2V 23,.) 23, £t osTHEHWES
BECETHHEL I E VS &, ZOL5ATCERARL, Kodss
FOSME R R Z N ENRBIE ORBRA LD b, el f i F.2.P. ofsiEsEcd

FE o416 D A—h—- w056 & LTHBE L b TR, Agfa »
. . . e e o 4. 1EHREE~OLH
Ho10E70, WWETS 35 b, &b icififarliEe 2,800 4/mm < &

rzl,g%‘ .......................................... (3.6)

WORMRIE R ATT 5 3, A VENCH 5, Kodak #o> 649F % h0s5s OWEHMIEE~DIEH & LCTREEx & va5s BFFFEE T
2,000 Acfmm & H\Tnde D EIHRIE TS % 28, %flize D<we O B R, RENEZRLRSG—RE IR TH ok DXL
T, & ZEEL Dqus O 2208 @ 200~300 Z/mm A3 F & EC S V. 2B L CHMTRTTRERE R B & & b T, FHEREESESE
I hodsa6 JHE LTRIZ BRIEC, 4-v, Ruoo FHBED 2106 TH H~DIEH AT T 25 E o 7o S.V. 20 % O ho— Z1RHE
100 Afmm LUF-CIE & A ¥ hodss KIBHHcE v, 2DHTh DREEITH LA, CRIKROEHEENL, BEAL FiCH
RCA @ S. V. s OB FII L T B, C T E L RARGCIREEEE £ ﬁchﬁ#&ﬁ‘% vass & hFT LT LT

16mm R Dbs CiEgk S e CE M. i, B2, 1(a)O%E E, Lovh 2hat & bd CRINCT & 3 AlBEE % 7R L 2 Tic Bk

FiC kb WE 4416 A @ He-Cd - N P.R.C.F. [ic 532
ho, PRCT 12 @O LE 215-5-7 1 22 bLoab Ol
GkEEE, ik Lx-uﬁﬁ%’ e oo) FECem OFEXICHRFL
Teb DT, PR v-F R T L RO o 72 DTS EH
HBeab, THLITEDRIGEUaE 5 LOOHRTE S, ROGFEE
BACA Tpm, S 01lpm EnblTnd,

CDFES EDOEICTH 150 pm DIEXIC ZolfL & Awt L, T
NEEABTCEILD ZurLe28— B3 TE D, TD ZoTLIAE~ &
/27 0, 50 pm O £ —5-F LR THEA 0-3 THIET S C
Xy LT 3C¥ AR5, LARD —wynoza— 2 bETHRo HT. =
AHEP-TE, 200006~ 2E5EEFD0 1 ARDEVD HT. @ ozt '
2~3FL Lvnbitd, L BB

cokyn HT. oy ofFERcd b2, K2 304k Fomom

BB 1,000 Zx/mm ©H 5, H.T. GEEERO L 5 i £y A
z‘y((*it ¢, BHEROE X DI L > CHRDNIERZETT 5 C [ 4.1 RCA o b7t Bduvz5s (S.V.)

TR o Ly X y
e — LB b =
4/;‘ PR -l y% N . >,

(a)C.E.M.

X 4.2 BTL o LCEAEE 18y-
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4. 1 S. V. Htk: vzys OBERRT. CE M. 0fafgs v
276 LT LS REIRZSDOREGH EShbhbh v, H
4.1(b) nXohpDtvwbis, CEM {EHOE ZDANF
e LCRATEDO AT & DRERETH 2 25, WENOEE S HE
BELEHEPIUROOEBTCHMIN, HFEBZZOEE0~3
MHz ® R-2/8uF AN, HE XUFRESRZHFN 35 MHz, 5
MHz DR RRBETT 2. Lr s, COZO0ERPES
LT ET £~ T NTSC HRD RAMESC X H 16 mm HE 5 La
LIS T 5,

L7c 8o T C.E. M. (Fil{g o _kic 3.5 MHz, 5 MHz o f5%0% 1c )2
PRTCLERE R b DL R D, HT. z o C.E M. offifis
RELEDDTHEh b, He-Ne - L LD CF a0 OIETH
hiC C OBEATELS N, FEES L Hp L UROBEBICHT L
t, NTSC LD 54 BB AR EIN T H5-FLL TR 7o57
DTN Z bR B,
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FREEDEBIED b ORFIRcE 2 L 5T, RCA ¢
T3 DEOWMEMD 12 BREET NI S0 \L UTFch 5 LE-
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FEOFHN LA aey~ ©H 5D, FEA M UHA L%, S8k
CEE D6 ZHA LT WS, ok TR LELI T ED
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DD MY woA B K0S5s B EDOIEED—BH L4 X4, 2
Yoo D ED MBI A & FIEOBMERNEE X LT nw b, (L35
D hodse BHE x, ¥ HINC U-F~E—6 BRFT 5 200 Fon i
FIRRIC X o TR X3, RS 7L— I X o THAINE L B, BTL
DHFICL DL, KoJs5e OEEOH 3232, —FHED 21Ywso
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