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Color Display by the use of Nematic Liquid Crystal

Liquid crystal has properties like ordinary crystal from the photometrical viewpoint that it has fluidity similar to
liquid. ~Among those coming under the same classification, the one called nematic liquid crystal has been drawing
attention as a display material. The illustration on the cover is a newly developed liquid crystal color display in the
Central Research Laboratory of the Company. This operates to display color patterns through the technique of
uniformly oriented nematic liquid crystal molecules which are changed of their orientation with electric field so as to
control their apparent double refractivity.

The device projects on the wall of white baloon a latticed pattern that changes color according to sounds. This
was exhibitted in the 1973 Electronic Show and gained public favor. Besides this performance, application is anticipated

to decorative illumination, character display on a large picture and image display.
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Development of Superconducting Magnets and Cryostats
for Magnetically Levitated High Speed Trains

Eiichi Ono - Masatami Iwamoto -+ Osamu Ogino
Toshimi Kawamura « Masatoshi Shinobu

Central Research Laboratory

Itami Works

The Japanese National Railways are now developing super-high speed trains to run at a speed of 500km/h between Tokyo and
Osaka to cope with the increase of traffic demands. The project will be realized by the application of entireiy new technique what is
called superconducting magnetic levitation. ~Mitsubishi participates in it positively by endevouring the study and development of the
equipment.

This article describes superconducting magnets which form the heart of the engineering of magnetic levitation, and technical pro-

operation.

% blems posed by cryostats contained in the setup, introducing the stages of working out them to ensure high performance and practical
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A
Superconducting magnetic coil for light-weight crvostat.

P

Inner view of supercon-
ducting magnetic coil
of light-weight cryostat.
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(a) MSW-120

(b) MSW-300
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Cross section of Mitsubishi
superconducting wire.

ducting magnetic levitation.
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Dynamic test equipment of supercon-

& os1A2ast O B H
Specifications for light-weight cryostat.
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EJE - -4 36 121 305
Cu ratio 5.2 2.5 4.5
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= 3.3 @R 514220 b OUHE

Specifications of cryostats for dynamic levitation test.
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SA4kx sy FME SUS 304 SUS 304 A 5052
ZF v L G v LR Ty Afs

(a) o314220501 (b) 23142241

Sl 971’2‘251 b
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Three kinds of cryostats
for dynamic test equipment.
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% 3.4 ZEH o51A280 b OREGHA
Designed values of cryostats for magnetic levitation.

t A | B C
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i
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3.8 PCM ¥ o51422x b i a1
Superconductive magnetic coil for PCM cryostat.
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High Power CO. Laser

Haruhiko Nagai - Takaichi Higuchi - Masao Hishii
Shigeru Ando - Toshimitsu Akiba

A trial unit of high power COy laser has been built for the purpose of material processing. It has three mutually perpendicular

directions with a beam, a discharge and a gas flow. The CW maximum power of 800 W with an efficiency of 7 9% is obtained under

a condition of COgNy-He mixed gas pressure of 26 torr, the flow velocity of 60m/s and the discharge length of 80cm. It is made

known that the gas temperature measured at the down stream of discharge region increases proportionally to the current, but is almost

independent of the sustained voltage. An analysis of rate equations based on the model of two levels and experimental results reveal

that a higher power is effectively obtained hy raising the gas pressure that leads to increase the saturation parameter rather than by

increasing the current.

Problems posed in delivering high power are specified ; discussion is made on the application to cutting and welding of various

materials.
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Main vibrational energy levels related to laser oscillation.
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Schematic diagram of high power cw CO, laser system.
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K 3.2 @InligessiE COy Ly B
High power cw CO, laser.
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V-1 curves of discharge.

4.2 BB » b rkfEoFHE
Photograph of discharge viewed from the direction
of gas flow.
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Characteristics of output power (groov type cathode).
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Kamakura Works

A Corrugated Conical Horn Antenna

Motoo Mizusawa « Fumio Takeda « Hirokazu Tanaka
Shinichi Betsudan

Communication Equipment Works

A corrugated conical horn antenna is a horn having grooves arranged symmetrically against the axis inside the wall. It provides

a symmeritical beam against the axis with few cross-polarized components over a frequency range of an approximately one octave and

with low sidelobes. This horn is useful as a primary radiator of Cassegrain antenna or as a launcher of beam waveguide. In this article

it is denoted that the radiation characteristics are represented by a variable x which is to be determined by the dimensions of corrugated

grooves and by a variable £ which is to be determined by the diameter of the horn aperture, the length and the distance of observation.

These variables are used for the investigation of the radiation characteristics. In addition description is made on an antenna in which

this horn is put into practical application.
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A Color Display Using A Field Effect Type

Central Research Laboratory

Nematic Liquid Crystal
Yoko Uchida « Fumio Ueda - Hirotsugu Arai

Display devices now in practical use are made out of discharge tubes or Braun tubes, which, however, have a drawback of poor

adaptability to recent electric circuits consisting of integrated circuits. Then, development has been positively tried with a variety of

new solid state display devices, and further color effect is called for in their operation. By using a field effect type nematic liguid

crystal for a new processing of the electrode surfaces, there has been worked out color display technique of excellent uniformity that

was hard to realize in the past.

Although the liquid crystal display has a few problems left unsolved such as slow responce and highly accurate workmanship

required for the formation of the liquid crystal cell, its feature of being able to effect color display at low voltages to the extent of

6 V promises application to a new sphere, in particular to a large picture area of projection type.
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A Study on Two-Dimensional Automatic Mesh Generation
for Structural Analysis by A Finite Element Method

Mitsubishi Electric Corp., Central Research Laboratory

Mitsubishi Research Institute

Keishi Kawamo -+ Hiroko Araki
Masahito Nakamura « Kumiko Minami

In the structural analysis by a finite method a good number of input data must be made.

producing these data automatically with a digital computer and also a producing state of the data through this method.

of the method are given below.

1) By paying notice to practicability and trying to minimise tl

Herein are described a method of

The feature

he data to be used for the formation of the automatic data, the

shapes of the continua as the object are limited to circular arcs and straight lines, 2) patterns of element division are made changea-

ble at will in conformity to the shapes or stresses of the continua, and 3) not only the mesh generation but also the load condition

and the boundary condition are devised to be formed automaticall
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Sludge Freezing and Dewatering System

Central Research Laboratory  Tetsuo Moriguchi - Toshikazu Honda
Toshiharu Matsuo + Keisuke Nanba

At present a combustion method is used for sludge treatment, in which the sludge is burnt and disposed of. It involves, however,
problems of deodorization and desulfurization to prevent a secondary public hazard. Consequently in many cases the sludge is packed
in concrete vessels and thrown away in the ocean. The cost of the disposal in this system amounts to a considerable sum. To cut
down the expenditures the quantity of sludge for treatments is to be reduced as much as possible. If the sludge is frozen and melted
again, solid sludge is dewatered, its grains are roughened and the quantity is decreased. Furthermore, the specific resistivity of filtration
is decreased extremely so as to permit the reduction of water content of sludge with ease by using simple dehydraters.

In this article is described the principle of freez dewatering and the study of its effect on sludge of various types, and also is reported

% on the result of investigation made in parallel by building a set with a treating capacity of 2 tons/day for practical purposes.
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Effects of condensed electrolyte on the freezing pattern.
0 5 R EADT 2 HRBEL 2 oMb T ) &RHoINTE &
CHIBRAEINT RS, T, FHESMCBET LRI bR
BN TR D, BECRSH SERALCERES Aok X 5T
5,

SAEIC X B HIROBIAZIR 2 EBMCHAL 285 R L R <,
Longsdom® b 80 & Dk 5 % 200 Billh, 300 BEICRARE S
HAL TR,

¥, conBUoOBMEE, M2 30k KiERyHEEEs L
SHIE L D KSR U CElFE SRS _ 8~ T+ 5 25, BiRPo®E
Bk PR EL @D b A<, FERERE LCERI N
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2.1 AHROmHE Lo i
Characteristics of sludges.

DR GRS

1553 5

A ® wt % % ~ 1em
] 99.2 3.7%10 67.9
DA mEMEEEAIGT 9225 e e
: : 23.2(74) | 7.2x104 49.4
} 99.8 4.1x107 88.7
iR E 5 IR 98.26 b
/ 8.8(1043) @ 2.4x10% 60.2
99.6 | 2.%107 85.6
Ao RHERIBIE(T) T 95.44 N— S -
oo 19.6(7 5%) © 2.0x105 65.2
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Ay FRERIBIR(2) | 97.28 o —
[ 9.8(34) | 1.3x103 54,3
Y 5. 99.8 2.3% 107 88.4
BRI BE AT IR | 9726 e B -
Lo 11.2(34)  1Ix108 53.6
ok 100 | 1.3x100 92.0
e n BE oK TGO 97.98 e »
: Lo B 18.8(8 4 | 1.2x103 61.3

FAREAROMNI () TR L 2 BRI R S ICE T B I ET s R ©
HYBFERICOWT L COMETOIER Lk

10 0 EQ 40 ) 80
g [ (min)

X 2. 6 RERGIED PR

Sedimentation rates of sludges.

FEOROBDF 1 R b KR 2 R D 2D ¥ LT LE 5,
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FEME Lo MR D 2mm @ puz=ms A () Wi 100 ml
(gk: 156 mm) /B % AL, X b SEEE-E 150 5CREN I
—10°C ¥ CHAAL T LB I CHRECHRE L DB IMERMAEL 2 b
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Micro photographs of etching sludge.
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Effects of freezing time on the specific resistance of filtration
and sedimentation rate,

__D?'(PJ—PI)\(/
= T g T 2.1

EL, v REKpEEE
D : BB 4k 765
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b b, BRSO, HITASAM Lk DHT 0 SEEHN

NE L ARD, REMSAKROENEDT B & I IRERIREE
NkZDEEZLIB,

B —RASRIC & B TEIRAAHE - B0 - A - AR - M

(c) 554 (d) 1805

2. 8 BiskREREIAS B o MK A 2 B B
Effects of freezing time on the gathering of particles.

~2, BTORMMERBIGEPOKE RTOMEBTiIcL 2 b0
TH D, Kb XCETOBEHEEL Lo & CHsEEET 2 &
WTFoMXbckE B+ 5425, M2. 83k UM2. 9%, 8
LB e T B R oM KALE X A BRI - R oZsikE
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FhRERAS 50 & DIF-CREASEA Rt L, ZhI O
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3. HEERIEREOHE
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FEWEL, AHERTEBOLN R L L, EFEER R Lo
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A, BRSINBCRE, TBIRAILRE, BARHICKEIZhT
w3,

BRENBREER 3. 1 KRT &5, b-Mud THIRE LT

T:
RRE Q:
T
B
i

K 3.1 t-tfod o KX

Block diagram of heat pump.
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LTI~ 4ECl, aufobticE e D Awd LEHRHL T

50

Qo o B B dliE
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~1/1000 L3 % 72 0, [ ABAECT2TH Y, BAHMTY
GARLZT0 GRS T 5, o TRBOHEAREEAL TS,
(2) M
AU DL BRIk D E B Y TH D, 3.2 tx D%

R4 78/]\-3—0

] 1%
MEEE 5 2%5
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VAVAAVAV‘VAVVVV YVVVYVYYY
{

3. 2 iRl LB R

Flow sheet of freeze dewatering system.
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e
Exterior view of sludge freezing and dewatering plant.
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Specification of the plant.
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Freezing and thawing curves in the vessels.
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Dewatering of sludges by freeze treatment.
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GaAs HHEHT EY F+< v ILiE &
=R FIERF K B OBE 2%

GaAs Crystals Grown by Liquid Phase Epitaxy

Central Research Laboratory

Hidejiro Miki » Mutsuyuki Otsubo

Growth technique of GaAs liquid phase epitaxy has become indispensable in the manufacture of microwave devices of various

kinds. This paper deals with the above growth technique using Ga solution. First, study is made with the effect of oxygen, of the tip

temperature and of heating of Ga solution on the properties of liquid phase epitaxially grown GaAs crystals. As a result, it is made

clear that oxygen is the one to determine the donar concentration of GaAs crystal of high purity ; heating of Ga solution under hydro-

gen is very important to decrease the contamination of oxygen and to obtain the high quality GaAs crystal. Next, discussion is made

on the properties of the epitaxial layers doped with donar and acceptor impurities.

1L £ A »% %
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RIS TAM O BAT 2G5 R <, Wik iz dE o
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(DT, 1EFven F—IRFE OB MBIk L A
v, & bICEcR, HENELORROIEETDH > 72 B
W, MEHEHOE LA 25/F X f-F OFPT®icLd, 5
EUERRE N 05 pm BDUFD 1Patuw JHES C & TR A -
TETCWS, COX5AbTT, GaAsiil IEs+vwL MEfit -
zwrvas b JATHE, v-fd1a-F % fivd t-F, 1ofebdri-F
HRECHbRTE Y, FHFAA 2B RCRE R DICh > TE
Twnd,

CCCHE, #EHiE GaAs 18a%uel $55, Hodtd-F, 1uivbd
{A=F %FE Lic 2100 WRTHO €230+ MmO KE B 3
LRET R TR - 2R EHET 2.

2. BERGHCMESE

Gals #H5 O Wi 1820wl BRIER -+ EIHE 2315405
B XU vk BRI R B 3, AFEBRTE, EHE GaAs
ICzfupl G EEE S 5 HEE f- EfhELE, Ti fudri-
F, 1oy bdqd—F H 1€sfvsL #EROREDOBGE 2515105 th
AV, B2 1 cEREROMBEERT, WEN- AEilE
h-y €, EAGERBEMEARCELLTE ) REICERD
KFE A2 T+ LTER LA, SABRE LTi#MibL
K A2 HHV A, i E 1T 99.99999 % Ga S 2 4% I LB L %
Wi, v-2 Gads iR EIEME L d & 0 (Gat+GaAs) 7

* R T

1
=] -
WA ?I’a h 3
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] - — l H: gas
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21 ZER#FEO YK E

Schematic diagram of the horizontal epitaxial furnace.
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wFud L& HICHEBEINCHIERD TuFud Tt 1oFud LT
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HEOBER 2514 & 2351F 34T, BEEERE 2 WX w2 d
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R E BB 3 LARKICHUFED &3 % BB L 18stvel R
BETAh 5. MTEBAFHETHTAS,

Cr F-J HHEEM R Fo REED ++97 BES X UCBHET,
van der Pauw o519 % 413 bridge type o Hall %8R o HlE s
bEH LA, n* HER EORERBD +4+07 BESARIKEE L
BZ L% schottky barrier diode D& E—EIF ki & J. A. C. Elect-
ronics # impurity profile plotter ¢ K4t F5> FH#_EICEE Sow
PFBTEICk o TRDE. 14y LA FF- Rl Np & &
U rotda Rt Na ix, 77°K k32 f-u REFHIEL,
Brooks-Herring o310 % AW TEE Lk,

3. TESFYrIRREBOME

Itatuel REBOMEIREMBREE C KEEE X
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KELBLATRERZ TR > ZHET, (b) & (Ga+GaAs) 7
xR o Hy 2 B¢ ESRAKRLE 2 Th-%20 b 1fa%us
W IERET A RBERDOIDTH L, »FROBRCO-TEKE
FIBIREASE T T #4107 BMEDIE- TE24w1 BHE LI, W
RS IE A & 017 BEOEEEIBLILE, (a) &
(b) &L THS LRERD (Ga+GaAs) &k D AU S
FAHEEE GaAs IEa%u4 1 HMiRm%E B3 5 A TEbBTHECH ST &
b b, (Ga+Gals) BlA AELEL A CRER TA- 45
& Boihd 1atvel B +ou7 BERT REBMERS 750°C
D& &30 em=S IREFTH 223, (Ga+GaAs) 1A+ EFRIAS
WPF % & IX10M em 3 BED 1Ea$uw) SEEMNEB LIRS, (Gat
GaAs) ¥R % KT L % D5 & REBIBRE 800°C T 1atu41
REEXT % - 2 BAOREEOBRN o —A®E 3. 1 iR,
REFRMIREE S 800°C & 3N iF 102~108 em™ f—4 O #4197 BB
DRERBE IENA SIS 2 ¢ & HWAEETH 3, BEREMED Y
DT $+17 B 37x102em™, 77K 1€ 3 1 3 8 B [ 244,000
em?(Ves DERAEE L TR 3,

3. 21 Ga A GaAs ¥ X ¢ Db AFNE*F h %
BeoRRULERE L +5u7 SR L UBHROBIRE &L 2 %
DTHB, 1L FHOMRIL Ga AN IC GaAs B+ & vz D
HARFMEL LAWTEDEIREXTA-ABED LD TH 2,
52 % B Do kSR I (Ga+GaAs) 1% FIcoR L A B, AZEm
WefihokdtBohidbDTH 5, Ga@liEic v-2 F] GaAs %
FAMECABERICEESY Tho2 B 1R $+)7 BE 4x10¥ cm™3

® 3.1 1fsfuel BOBEIISHE

Electrical properties of the epitaxial layers.

1R

Sample No | "17°K(cm™3) (cm?/Vs) Np(cm-3) Na(em-?)
LN- 4 2,7x1013 136,000 2,5X1014 2.2x1014
LN-11 3.7x1012 244,000 7.5x1012 3.9x1012
LN-20 7.4x1012 189,000 8.5x1013 7.7 %1018

~28 2.6x1013 142,000 2.3x1014 2.0x1014
—33 1.3x1018 166,000 1.4x10M4 1.3x1014
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High Speed-One Side TIG Arc Welding at Low Gas Pressure

Manufacturing Development Laboratory

Toshio Yamamoto » Wataru Shimada

One side welding at a high speed poses technical problems for the prevention of under-cut with surface beads and for the stability

of back beads.

Regarding the under-cut of the surface bead whether or not there is a solid surface ahead of the molten pool plays a

decisive part. The anthors of this article, from the viewpoint of week plasma stream and high temperature cathode zone in low pressure

arc, have made a study on the molten pool phenomena at low gas pressure and has made success in the extension of the limit of form-

ing the normal beads greatly toward large currents and higher speeds through the control of molten metal flow inside of the molten

pool.  As to the back beads, it has been successful in stabilizing them greatly by making use of the characteristics of a low pressure

cathode zone and shifting the arc energy to the back through the intermediate of molten metal pool of a large thermal capacity so as

to form molten metal at low temperatures on the back.
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Change in bead shape with welding current and travel
speed by moving TIG arc.
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Behavior of molten metal in the crater of the welding bead.
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Appearance of bead under different surface conditions.
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Constriction of cathode zone by the nozzle.
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3.5 #EFHE I X B ARk 2
Penetration shapes depending on the character of heat source.

BRI h b b F A Jooa KK LA
A<, BEoBkicliginisa w3, BikmoREnck 2%
DI, fe—RE O BRIL X Tk h s, B{bodfe itk
e L<CHEH~0EHN BT LELE 20 h v, ¥4, &
WETELUEEICE, IEF C-F 0B o0 2 55MIEEL <X
P - NIRRT N S, C Rk B igko gi—E BB
alﬁx,IZ;_,;:ﬁﬂJ\% { 7o TiERibE T~ n‘dw% BRE L, ERbo
EEBGAMRE AR LCHRTED, 2ok A KIE RS
HRDIEKIZAZE TIG 0B FiRBobhiv T AT, Ik
v &S T JDYXU)J:’trFT‘S_’ E B3 RRITEOHE & E-F BB
BRAICEE D DITTH

3.2 BET7T—20/ RAMKIZ LB E —~ FHBEOHIE

TRRNB B SO RO TSRO 1A - W X OB 38
AT b0, BIUHE U-F HEn#boTRERHT 2%
W, B3 4R LS AMED g W CEBRBO I LT
THINF— DM LR B o ko FTH 220 DR X D EBfRIRD
HFEHPNXL BB E DL, Ao ROERIFHELINEL &
T, 70 BO—HAKE sAL RIS NG X, BRI 2t
BEDIERT BICE b bF, 7o REBRAFmMAERL 3T
B5ECOEBMEMINIC 2D, - BEXRE (R T
VBT EHHALICR >k, T b3 BETHR, VAL
WHEFAL TR D 2w, J5io FROMERENRAR L, Tokd Th0F

— WERE R By hb b b T, Fody KRR +—J TIG
: HEWEENRID L LAEEL CW 3,
EES O #-F TIG & o il 7—o & 1T X 5 [Hl7E
o (D) #-Fu TIG & i

3. 54
rm_\%klﬂﬁflf:[k»rtthgz LZcdDTH
, g h T LI L B (mlli_\)\#%k LhEvon, 5

14 p—0 T EE s L UEEIHIC X 3 B OFBIEK o> &)

ROTHERBLHCHHETH Y, BEIECAERRLR>TRDe T
NI LT (a) @ A WO GEICBERE L (L 28w
RABLE>TwE, THEDEDICEARE 70 EXRFLHEDE
WL TRV T %o o7, EEAAHIDIEED &

1167



B 12mm B

P=32mmHg
\ s X RE
(BT
2 0k (BT
< Ty —hy b
1.6} g

V {m/ min)

H H
¢} 200 400 600 g00
BEER A

X 3.6 ffxo ABBEI X 3IER U-F OBIESEM:
Welding conditions for normal bead by various
heat inputs.
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Behavior of molten metal in the molten pool under
inclined torch angle.
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3.8 Hiro b7 ERAICEHT BN E-F OBIESRE
Welding conditions for normal bead under various inclined
torch angles.
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Change in bead shape with arc current in one side welding.
E-F R E L BRI OSMIC B RBIEBROEILERT S
DTH B, (2)DXSCEE-F HBRELAEVWEE, TabHE
¥ E-f BFBCE T 7ud-no bt ICh > T 3 b0, Bk
oL T(b), (c)DXdBE~-F BBEINELS LR

1169



DL, FEEF D yod—ho b TS 2, COC Einb, 4& of
-~ I’lV)1fl\J?llL0)f.'>7" D ORI AL E— 1 i~ iiduic 28 % L
PN B”J HLB

B4 3 BT & 280 2 e ST o KT EEScE v T,
AIGED —orn D8 25 A LABED ob—a B4 ORSETEIG
THBER, Zor OIOBAE (B 02 s b, s—a B
BOERHS b oL-2 B0 BH~OERILOEERTEEI D b
THd,

PRSI WA IC 31 2 RS AT o Hifl % B IcR L
bORH 4 4 THLH, 70 BT eBCik r—0o Bick b
: & LTEMAMBAE T, FROBERERIBRENE (AR
D3, XD ERERIE G REEE 2 AL - K L s BB~ T I
E-FB RT3 (B, +habbEMCHL bk ABMRELE
HORE CERSIR R BN & LT, ik - THEMCERL 3
DRECDEEDOFHE L W2 225, T DDl 2 EMHicst L
TAHREMCRELT 2 Bif%s 5,

CDXS KERNBERICE > TH E—F BB E I3 RETH,
ERILAIANIC Y 2 W ERENE ¢ 2 BT 20T, B hicdw
EROEREBO T X 0I5 [Fo T Hi ¢ o FEkic

AT YU RE D SnfE . FRIFE 1. 5mm T LoD, HNO B BEERIC X » CTHERL - kX h 5 A&
SAVEER T 120mmHg, R 2754 O, FHEEOREIERETT 50T, I E-F o FE 24

FETRERE L 250mm.”min

LCHBORFFNSHET 5 2 1c, B U-F BN dzsthics L
B 43 0 E £ RMTOAMSECEY 5% 5 (A i * A

I DO TR TRIE—ELRZNE LS FlEED 3,
Metal flow pattern of inserted nickel wire in one side welding TRIDLSABHNOFEENZES » 5 BT hHs bhutn 3
of gap joint. PICONTHELTHE, IR A 2 KR LE LS IC, 3 E-F 10

HERO— L E-F BRICHFL LT 23, oS
ILEIE IR FEEATER I CE Y, FEL0BRRIERLEZVD
TCWEFBRMICRIR L, $AR4 1 o(b)KRLALS I,
F E-F WTRET 2 RIAS BRI, B L 3 E-F BRI ffar
STV, THBLICH LCHimRD X 5 KB 72 % AL HH L

7‘&#}’;@7?7:&, BB CoF T X VREFAOBHNABETS & &Y
\ , FEE D HEHRRIC X - TREFH OEAR % BT 3 0T,

mi’%kcctas;t FOBRICIEEROZ bbb - b8 L&

_@- ‘/ & BTH2HBEh 2y, BEUTRR2 L5k, thick b}
‘ ) 5 ( ek A

WA RIS L K E B
B 4. 5 HEFI ¥ 00 20 2 ZOwHETE, AENRET

= 4. 4 (REKHOJTE TIG B ic B 0 2 mRI4 R o251 THBELABAOEGREZRT IOTH 3, KTETE®RI%L S
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Welding conditions in one side welding of gap joint at
various gas pressures.
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One side welding conditions of gap joint by open TIG and
constricted TIG under various travel speed.
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One side welding conditions by open TIG and constricted

TIG under various joint gap.
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Tracking Resistance of Insulation Materials

Manufacturing Development Laboratory

According to Various Test Methods
Shdji Hirabayashi « Takeshi Kawakami

When organic materials used for insulation outdoor at high voltage, their tracking resistance with the changes of environmental

conditions plays a vital part. This article describes the results of comparative studies on the tests of tracking resistance with a variety

of materials.

Investigation has been made on the surface temperature when the tracking occurs by using the dip track test method

which is considered satisfactory. It has been revealed that this test represents very well the tracking phenomena anticipated from the

chemical construction of epoxy resin. Also it has been attested that this method well corresponds to outdoor exposure tests conducted

for five years.

L A # &

B THEREEE - BAMbcEAT 3455, BsigHoBkic
o, HEBHBEOM bowtod EMBBETICA->TEh, RO
O tsuFod oRBEE LTk, SHEORBRESS D, ¥E&0
HMZEATHHI I AO®, TIEC ™, DIN g $E il L 2 7k
RHERI TV 325, i rSetosd T S MESER S L E
AEn<w 287, B3 LY 20FHIBEN S X SRR & ot ic
BIL#RT 30Tl RVORIRTH B, T, FF—Mfic
IHERAI LT 3 KM Fswtos ¥ BREWEE BB L7 /R
COWTERL, ZOE, HHO MW Fsetod BB E LT
BHERAARGETH 5 &# L bk, DIP TRACK #EECHTDn»T
X, bowtud BB EHOFE & LT, FBAERFOZMREO G
7 b R IC LS b & oBElk 0w TRET L AR E B 3,
X LT bsutud M HEERBOEILL WS BlAR L, CTh oS
DHEEBHER &, SEHOBARERERBHR Lol onT
BEf L7zo

2. REMS v+ IHERBEROLE

HBHEOW Fswtod tE BBRFEL T T 204 3§ bE ~
HEINTCE LY, EXREATEPREINIEITLES> T A
n, BB Lo, 1) EREALOEREL XSHIET 3, 2)
FEER X, 3) LHEREECERE TR OIS, 4) 3E, ®
BB E, REOEREEBRININETH BH, WENLREB
BRI TN R RAOEHG LI 1) 50©, HERERLLHOE
¥rBEGEE—DORBIECHETEAVLZDTH S, SE, chb
OEHES bREN L EL DL TED W rsofus tE BERED HEE
#fTh - %o

2.1 BRPRZJER®

IEC fhic Yl U7z Fikc, REIFE 50 B clidss 2 BEE® Wi +5
wFud 168 (CTD) L KUY, bswtud W2 ERT 5 6 0T, CTIG0
Y EEEHEANRE TS 5o COHENE, HEEED X CHRCECERA
ENTIHBETS 288, —RCFHIEREI B E b T
%o

1172 * d:=BERINORSEDT

2.2 BRFESHEZDV

EiRE % 100 T T L, B ToM ez 5, DIN
CRAEEDRHEL T3, Thabh L~10§T tsvkod BT 5
by, KA, 101 FTHE LAV bOE, HARERI T KAn
(2mm B F), KAz (1 ~2mm), KAz (1mm BTF) L¥ET S
0T, RBEMETH Y 3-0uf THRIFFIE S bERETNT
VR ERENEET S B8, ik ) FHIEENZER 2 E RT3,

2. 3 Dust/Fog %@

RPFMICEE 420 F5H000, 29— KXW FELLEHIE
FTOHERCHIET 3 HiET, FREOWED LWL I TN
%, L LEEROTEHIZN DA LS T, FIRHb 223 E WK
B D,

2.4 FEENERMT — o HREET

HWEEM, HEEEY, rf- 2ELTHESE, 7o THE
EEHREET 3 T TCORETCHET 2 30T, oFBREC LS K
R, b L REMESCERZBREE T ovfr-vaw THO
K tsetd B EE3, WhWBEo KETORERE L 3R
A0, Dry arc ik X 2 HE8:CH 525, Fswtod BEEE LTHHEY
v bRTw 3,

2. 5 Differential Wet %®

NEAEBRBIC L5 D E h REDT, ZTOMLCEMERSICK
h k-T2 EMEE BERCHES S, TOKE 120F- IR
EFTwE, BEEROE S LAL & WT(Watt Minute Tracking
Index) CHET %,

2. 6 Dip Track %®

2.1, 23Rt 5, A ofETE YO
1o D —o0s BEEEAEREE L, EEAEERCTH 2 EHE 01
96 NH,CI* ZEERHF] 05 %) wdrpm 0 Ba-v ETFEET 5,
Y X ERES % —E B0kQ) K% Leftc, EE—ERE
et & 3R, T 25 | oY 3 A% Dip Track Volt & LT
FR LHET 5. CoHEEEBRE 2D D, MEOE WL &,
Thabb, zoos WHARCHAY T IBICHESEL, EEERD 2
BEEENS &, EEK vuFL~vsy PEL B L notk, WEE o
vFL-vsy OFHARAEHCID Y, FHKEE, RBERE, FEMH:D
Wi R, %43, Dip Track BBz dborkHE—3 T

Z3EE R - Vol. 47 - No, 11 . 1973




gt

g

£ — Zdrpm
\
0

2. 3 Dip track ik

fol}

000 C'JULM,/*J
T

2.1 Dip track 7 o ¥ B W
Mechanical schematic of Dip track test method.

LR

i

A IIAAATIAR1ED

L

R 2.2 Dip track #: o [ ¥ X
Electrical schematic of Dip track test method.

Electrodes of Dip track test method.

H 2. 4 Dip track phjljsgssg
Measuring equipment of Dip track test.

F2.1 %W

Bk X B et

Tracking resistance of insulation materials according to

test of various types.

wmor 7 oy o vy M
i) e ovbEaR N o | i 5 3
N PR e DU, \ETHS
(C.T. 1) '\ (hour) min ()
A 120 | KA, 1.0 0.1 0.093 6
; -2 T L v =600 KAz, | >30 3.8 0.867 73
Iy 595 | KAz | 23 3.5 2.74 182
;L AIASIE L s KA | 18 98
by TEEY AT 150 | KA, 1.0 0.4 0.105 12
NS EPEE P 585 | KAs, | 20 1.5 1.8 245
By iy s 2| 600 | KAs | 24 1.46 183
v C >600 | KAz | 07 0.7 0.187 6.7
) AF v v 365 KA» 1.5 0.3 95
= F v v 378 KA 1.5 0.3 95
J-HEHA b 260 | KA, 0.7 0.2 0.348 51
828/DDM >600 - KAz . 0.9 015 0.0413 32.4
= 828/MNA =600 | KAa. 1.5 0.16 0.08 : 104
¥ 828/DTA >600 KAz 24 1.8 0374 | 82
¥ 828/HHPA >600  KAs. 29 20 0.175 98.2
%”g‘cxzoa,/HHPA L >600 | KAse >3.0 | >1,000
[ CY175/HHPA | >600 | KAz >30 | >1,000

BHERBEIC & B MEE M B0 FSutod - K - 1L

(T, BBt an@iEahcwr3an®, Hclk, EFE0HAND
R E LT, EMEEH GuEr Toa00 auith BE v-4) 05 26 iR
miscecky, F-2o AsvEpLi i YEHERENS LD C
&0, AFERICOWTd, KEEC 0mA KT 2, »b®
DEBRFTIHI LT 3 & \» 5 i D H 22209, HE#E &2 —
E (B0kQ) 1 LA B HIEpial, s sRtEss itz 5 £, MBEIEIC X
DHE 1aE~ 2 KE L ENDBH, ¥, BERBEEETIR O
LY RRABR D SuFud BERKDPLTWENS HUD, il
BRI X 2 AR %, BRI4LEL D 2o B OB 5w
o Mk EHEEEL LTRA LT3, #BHoEHFR 2. 3,2. 4
oy

HHBRBEC X 25 HHORBERZER 2. L KRT, oM
Lhbrdksc, CCTHRY ETFARBOEDZ RV AW
L, ¥7%, MSotodthd, BIFR D00 LT D 0T T—HIcHEiRE
LTwA LT, W psutud oMb 0RE T, WiEZR
R AHE T RE, KEOEMERED bR D, Tabb, Dust/
Fog thns3ef] & D33 kv &R LT, A% S BRE
IR T 2 &, FAEMERRITNIN 2 BED et WERT
CTI600 B Lo #iTdh, 2oo 5 1y 2T HE, DusiyFog gkt
0.15~FURIRETH b, FPMIHEIENE S F v, M5 D REET,
Dust/Fog H:CMBIC Fowtud BEIZRC LTLE SHETY, b
sp¥ud FER L HEE R, oM E R,

i 7 -2t AHBRER S W -0 oI EH Y HE It DT, §
IR 4 L, kb Teslitead s, Dust/Fog kTl
JEDH tswtod i HT o MBHCR B &, T 7—0 HEFER E S0
v Mk & OBREEV LS cBbh s, BEERECHERE N2
BED rsaud KHLT, Chbd Foq7-0 I X 2F0 & 0Bl
Wild bk <, CORBIETHETRE TR AV & OWERD 52392,
B HFEBRTD 2,

Differential Wet i & Dust/Fog i & o] iC iz,

[Dust/Fog tk(hours) -7
=[0.55 x Differential Wet 3= (Watt-minute)]*
LS ERD D OGN VD, Tk, WoHT b B
E DR L2 EAHEIN T 5, S0 Fuz O ED
T, A0 XCHIERERLRE X5 TH B, HIEW pseFosd
HDOBAHBOBTHEDT, X LICRHOBERDS 5,

Dip % & Dust/Fog #: & 0B %R 2. 5 Kind, M blfbiki
k5K, EhF-aREOEE, FHORENDEL L -OTREH
EWSEETRT LA, KR HIEAELh T 5,

3.0

[\
[

—
<

Dip track volt {kV)

i ' ! : ] i LAt
0.30.5 1 35 10 307 1000
Dust & fog (h)
2.5 Dust & Fog #: ¢ Dip track & oBdi#
Relation_between Dip track voltage and Dust/Fog hours.

G
G.1
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3. Dip Track 3k(c & Bt

3.1 ZEBEOCEE
Fowtud OFEEN, BT B RILEEE T TR, B,
K EORBERNE, FERNTIC X 2 502 TFOER Y,
HxnWRNE:HATWEH, RRES L ETERSHTHLS & ¥4
AbhD0T, fur5tysy (IRV) CHEHERFEMRE % WE Lk,
MEFRMER 3. 1 KR X5, ®EERHT 2 Wik b ok
T3 C R IR IC e THERICENRT 5 Y 0T, HBEHIKD &
BPYTHD
s InSh
RIS - 2~55p
iR HRT B lzysgry (@EHE 0 1mme)
S VR B HE~800°C
HE MBI E IR CH 5 oos #1 LTSS L ~ 2 mm FLEEIC
Y, COBICHBEREL T 2HEORERESHELEL, ¢o
RCERFO BB EH o KX, BEC X » BRESRc X b, i
Tk h oI TIHACTE Y, WEIRECS - TH, HpBEmE
bFhcait s, MEEMEEATAELTED, LdksT
zJIxE’?ﬁLﬂi loTh %, MEREXETERTS 5 Zo0s #e e
-0 G EEAES T AR R ET O R IS LT 2. ERGH:
X2.6 Enf’ﬁ’\fcﬂ:{‘hﬁ', WERREE 3. 2 KR,
RREmMEDLTr LN T3 RETH 3y rhrbsd, Dip
Tk, RESTSCIELTE Y, HEMEORIEEE (300~500
°C) A TH D, RIVBHHOBOMERMICIYREILWIH
LFWEEDETH AL, BT 3 et ohEnililEh o Tn b,
Dip #kic X 2 tswtod T, HEBBTOREREMED ATk
s B8O voFl—vsy WTY tSeFud HEELTWER, %20

PUT

3.1 IRV A
Diagram of IRV.

600t -100

-

Ve H BRI
Ut Room  temp.

21°C

Dip track volr (kV)

3.2 Dip track HMHE & FEEEOBIR
Relation between Dip tracking voltage and surface
temperature.

1174

SEEMAFARE LA VRD DD > THERTR > T\,

3.2 TRFOFEEE Dip ke oMk

Parr 5309, [5w¥0s MR (b3 Bl &, BRSSO

& 1A (dHypa) %, BHEE e T s (4H,) &, e he

FniES (4H,) Liebl, HEo BT bRENRM T 2
DS Eh b, Thibb, AHJAH e OEICE T, t50tod
ZHEE Lz,

Z 0w, BN, BAKLILOY, ity BHEHEE tseFud o
F#, MHLLA 2. 18io%aiitke, 2. 6#io Dipmi e
Wit Lic, BV e MsleE, TG s X USEIRE, JH/AH e &
#3. 1R, ¥HEME L Dip Track HEOMHFHEER 3. 3 i,
Dip track & JH JAH, g DBEFHREZE 3. 4 LT, AL b DS
Hx nWEEY b 1y #Eo Dip it X 3 bswtod M, I
Fhe AHJAH 0 LM% S o TR 22 edibh s, Tab

£ 3.1 ity BIREOMR

Effect of formulation of epoxy resins.

Y R = # 2 S s
No.meymv=erm> pa  umpa Dy-uss mmmu fy
1 100(We) — 8O(Wt)  — S(WE) 366 0.470
2 70 ; 30 80 o . 5 ) .32! o “70.456 '

3 % 70 86— 5 2.9 0.436
4 3 —_ 100 80 — ) 5 22.8 o 0.424
) 5 100 ) o 56 24 : 3 29.9 0.445
6 a 100 e . 24 56 5 o 20.6 o 0.406
7 00 - - w 5 138 0.382
8 ) 70 30 - 56 24 - 5 h ‘25 3/ ”’0‘;‘3] o
9 30 70 24 56 5 . 1o 037
!0” —_ ) 100 e 4‘80/ 5 - 4] 0.366
3.0410

® 3.3 FERE Dlp bswtos W R
Dependence of Dip tracking voltage on amount of
aromatic rings.

3.0f
= 2.8f
2 2.6k
= =
N

w24
By -
™

™ oot
T 20k

003 .4 G
NI

R®.3. 4 AHJ4H,,y & Dip t5wtod BED B
Dependence of Dip tracking voltage on A4H,/4H ,,
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BHAL L ot B850 rswetos thid, BEBOBUIC I » T +
Swtud tEDE A Db, End 0 ETEHELNE, WV,
3. 4 0BFED b, BEET S Sutud EEHT S Tty OFEE
W, dHJAdHq 251535 Eick b, »oh LHRFEEET o
V-V TED T EICR D, AP, FAEHEEE ChOWERES
AH Ay OBIFICDWTE, SEOBMETHAET 54, Fa D
o0&, BHlEs, FHtaEHoEEnm X ) Diphicd LT
5> TWn3 (16)0

4 BARBEREM b S oF v SR C OIS

BHAGRME O Fswod RO R D < (UMD, HEOW 13
wFod M BRI & S & o, A oV, T bootud
EFMEDTEST # BV E LT, WBM434E6 AL ) BREGRK 2 E
fil, BESERBLC\- 2, REHIHZHT T, FHREIH 500m,
HWilkXb1lOmofrBicsy, mHE FElcifrd 3) ol
MIOARBEL T 3, EASEABRRKROER H 4. 1 ICRT,
HEBRER 4. 1 KR oh 3 &3 higke, ERCREL, &
WIS 100 mm € 6.6kV rms ZEMIL TV 3, 2 THET 5H
BOmkEre (43-6-3~48-6-3 ¥-Co 5 4EM) oFHMRE, 32mm/
day, BEFOA B 047 TH ok, AdF, BMOANLE, FEEC
T E R EEOCTA - 2 B EHCAN TS 5, HERHMNY
BAEED AMowb B L (FBF) offEmiE, SO~ 115 pglem?,
Clrd5 pglem?, Zofh, UCAd\, 1ib, 85 FeOs) £ ETH
B8, fhEwEET 2 EcBIRT 20oCc (Fabk, Mick)
BN TLES DC) 2olEBEBT LIBKDOEZRLTW S
2 E S PERIETD 5,

MR o CIcE R R 4. 1 IR, ABEBICHY % o0
0Ly da6 i, EBESTEHT, ColBREElEci LERY
T PSwud B L CHATE R o o 2V S TR UD R
55 L, BHEHOBAREBRCIHRATNLTH Y, BHORR
GUEHET 2L LT, LW AREIOTH D, TOWERE
BT 26 BT toufu BB L TR Y, ERREBL ALY
VEPTH D EEL BN D,

ERELELBAEEERZHE L TN A4 2 LRT. Thdb
Dh B LS, BB tSets H55 (CTD) 600 BUTF o % o 288 260
HETFTHTFEHLTwE, LiLl, CTI600 Bl ko#tiicld, 5
FRBLTHEX bswfed ORELTWAVWHEDS 28, —F
T, PR SuF S BELTY 308D D, HEOFHEE
DG X < A v,

Dip & & BN BEXRBOMFEEE 4. 3 17T, ®H, €2oz/-1
ARD tsutud OB Ly &, T tseFod D BIFA o0 F
IfFD O FLuf FT, LAdHETAUDRA Y ORBIKDOWTH,
Dip tECEHli L d 0 & b, P cREMRO FHERM I BIF
AERMEZRLTE Y, —H, As23EHMAY oBEHE, Dip HEcap

Ll ) B RRER LT\ 5, SIERENORERROE,

T3 - ORPE, FEES Dipikk h v d, T tsvtod i
DE LYy SHRTARD AUt ERBEBHRCES L, —H, #
FHoLE, REEOBIES, 530 % vUdy OhA Y BIiFA Fow
Fu IR RTHR 2w, EEio kR, DipZicZm{ib
N, EMoRBEBcE LT, BiEoBEL 0 Y, Aon e M
B 5, Tabs, Asa o REAONENBIHTETRS
YDEEZLLND, THBD AR, Dip BoFHilis, EiftEE 26~

BEABEC & 5 HERHME O tsptud 8- T8 - L

Out-door exposure test.

% 4.1 i bowtod B 2 BAREREEOBR
Relation between tracking resistance tests and out-door
exposure test.

® o ?ﬁ?p’%lf;.ﬂ: DIP = R A
E (C.T.1.) (kV) (days)
¥ AR A v oz u* > 600 1.8 439
= ¥ x A v 7 o >600 >3.0 >1,825
= ¥ x A - v 7 a® >600 >3.0 >1,825
P ¥ %X A - v g o% >600 1.6 >1,825
T 7 o >600 >3.0 >1,825
kS ¥ = A (828/HHPA) >600 2.9 1,150
¥ oz A (828/MNA) >600 1.5 124
& ¥ 7 w-#H I =z >600 >3.0 >1,825
i ¥ 2 A-F b ow >600 1.1 &
¥ oz A-# 7 =2 130 1.3 24
m A3 % v-H 7 = 550 2.4 318
] v ¥ 3 v-¥ I =R 580 2.2 13
Hrb 7oz ) e = R 130 1.2 71
Ao A=y bR ) ZRTA 310 1.8 179
B Vs 2 v >600 2.4 >1,825
® FAE R I >600 2.4 >1,825
4 P v c >600 0.7 37
s v w 7 oL ¥ 280 1.1 26
. E P T > 600 >3.0 >1,825
7 F A >600 >3.0 >1,825
AROFUE 5 * ETLMAY
20001
;
@..-
15004
b Q
; G
g
~ O
Eol o
= 10004 O
500~ o
85 o
G 2 © , 5
0 200 400 600
C.T.I.

Relation between C.T.L and out-door exposure time.
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20001

1500

a

o

(days)

B ¥
—
IS}
S
=}

f

L

e

Dip track voltage (kV)

4.3 Dip track i » S H HOMIF
Relation between Dip tracking voltage and
out-door exposure time.

50 [B], BBARFRICLT, 6 45~134 &\ 5 ERETHliL T3 %
DTHH5LELLNEDT, TRLLAREHAMBOEE, Xbic
BREARECE b0 L MBREHEIRAT 2Lk, Ih Xl
BELNDZIDLEEZTNE, LEL, ThbAEEMABOMES
e FThid, —Eowvb® 35 EHHO Dip kb BEEREE: Ofic
B, SERCRTAAEEREY b, CoRBENE T A b &,
Dip & 30kV o Dip Tracking BEXSHNIKEE, Fsetod xR
HeELITIIVEERDRS,

HZHE O bsutod HICBET 2, BARESRE ot
W, BHES CORERBTRGRERT 20%b b, Bhokis
EEHEA M - oy, BE, BHRGH0RA - B EONE,
M rswfud tEOBEEDEL FAR EE, X okBHT 2D, b
L5 h Bio BREERBRZKET 5 i, ERBREHOZDIEK
WHHEE TR S S QCHED (MBS TR, WEdohnH
ELntELTWE,

5. ¢ ¥ U

RO B tsvtod ERBEOME &, CORRRNE
WhiERy B2 DipFEovn, ZoEMBELRETL, CohEk
28 oty iR LERER bEL LN D tswtud R X CERL,
0o Ek, FROENEZEFR L OGS HIRWAFCTH I L %
ARl7. HEO tswtud EFEE LTk, BRETHECL S,
wbW 3 vuFl-vay ke UeFHIECRELMAENIHEL, &

OHISHEL 4B, LinL, 7R, @0k Dryz-s K X35 b5y
+oJ VERTIIE, ERIOER, WERECET 3 tsetud EELC
SIG LAV, (R, o 2RIET 7-2 & voFL-vsv PIRIET B
BORMES L WX 5 KBbh D,

Uds L, BRI 4 i o0 8 i T 68 % — D 00 BBk C R B
FT BT ERLTALL, HET, HHOB—RKEIERBREELL
BET, B EEEomR I, BIVRERBSBEELE
T3,

i Fowtod WEER b IO ICE, TR DD 5y
+05 R e, EROBNBENR L OMBHED F-5 OERR L
ERLHEL DM, TOBERTCBZLCANEFEATH D,

R, BRABOSEILI Liedhn, ¥ bicci bEERM
T B Fowtsd EREFEE 2 Z0T, 5B LR EED
TwWBIFTH 5,

Bhhie, THEEYE CHNRCERCRBRELICE CHILE L
LFES,

% % X

(1) BIEAEMEE(IWME2S (142)

(2) BREAVITHE (1) H 6 T (H43)

(3) IEC Publication 112 (1959)

(4) DIN 53480 (1964)
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ing, No. 31, 66~360 (1966)
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(7) ASTM, D-495 (JIS K-6911)

(8) ASTM, D-2302-64 T (1964)

(9) B, Nk : i tsvies ERBE BFEAE, No. 165
(KR 41-10)

(10) IR : 6 b5wtos HERBTE SPIEER, No. 202 (I 42-2

A1)y B, Sk I 42 (ER K AE K, 488

(12) M. Kurtz : IEEE, Trans. Elect. Insul., EI-6, No. 2, 76~81
(June, 1971)

(13) L. Mandelcorn, G. M. Sommerman : Tech, Paper of Elect.
Insul. Conf., p. 91 (1963)

(14) R. Wilkins, M. J. Billings : PIEE, 116, No. 10, 1707~
1784 (Oct., 1969)

(15) D. J. Parr, R. M. Scarisbrick : PIEE, 112, 1625 (1965)

(16) )i, #%4< : Mitsubishi Denki Laboratory Reports, 10,
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AN T—TFTILEFREHT ADEHEHEEE

PR — -2 BEY - M A gL =27

Sealability of Calcia—Alumina System Glass

Manufacturing Development Laboratory

Kazuo Kawahara - Takashi Nishiraku - Reiji Okamoto

Sealing off an object with glass-ceramic is relatively simpler than other techniques. The properties of calcia—alumina glass and its

crystalized forms have been studied by measuring their density, mechanical strength and coefficients of thermal expansion to observe

the crystalline phase and to perform X-ray diffraction and differential thermal analysis.

the sealing condition.

As a result importance has been perceived of

Regarding the stability of the seal against sodium vapor, interesting results have been obtained through the

measurement of electrical conductivity and of the thickness of a corroded layer with glass. As the application sealing of the ends of

an arc tube of high pressure sodium lamp has been accomplished with a satisfactory result.

L & »° &

52 BB 5300 I £3299 % £330 HEBOHFECIIHE
2 DFERD B, EBRLMESEIEEERTESECR DA
LAROKT LT, Asa AT 2HBERERED £5390 L RELE
EhicB e BRABILY, LRIOMBTECHESTTTS L\
5KEARRIAELT 3, COETDOLDERFRICIE T,
BB A sz BA b uicBls 2 8E b £\, EERR
DX5%h A5 KX BEBOFEE &, Aoz @REELEwdCe
IC & - CHEEEERO BIRIRHIC B3 FAc X Y, EEERIC
Y ERADEE 52 BEFICEYLbNE XS5 KR 2k

BRA LS THIMARBRMD 5 b Ch <, 600~700°C Ll E
CHRYLNRE DO, —HCERE A52 LFFER TR 3,

HEME L LTO fisa KBERE B MHEL LT

(1) WeEhEEoZ®R, FHEEL Y EEEC fs2 AILT
e

(2) #H#EBkcB A Lrc e

(3) #HiEHEXFEcHEhde

(4) BBRFEESPEHERC—HT IAEELTREC L

(5) EMMichbz-sTEETHDC L

(6) oI 2EFOERCEHELT

(a) b (d) ERHHE
(b) Bk (e) fbzemofsid:

(c) TréhErsze: (f) Webgcst st
A ERZEBCANLATLER LA,

BITE, EES A5 BT 3 i b h e Fox ik CaO-Al,
O (RO+R;03) RO—BDERA H52 KD THEZI & %o
TbORAND 52 EHEBHEEDRE LTy bh, £555%
TRic A iERREE R T —H ORI 52 TH 5. AR (3)L
TREBEGEORIEICET 5 52 OTREHETS > T, &L A5z
DOEBE, HENGCRESEARY, IAHEOBLUESEHC LT
LT B/ OT, chboofBElERTHICBERE LT T ER
BIECTH B,

CaO-Aly05-MgO-BaO 3 fs52 (M-1763 L Hi+ 3) IKDWTH
MEFGRORERRAIE L, SE FhyossuT ~OISH D= TR
&7,

* H BRI T

2 KRR HF &K

M-1763 fisz OFMBERIB: O WAHIE, XHREYT, HMSERoR
B, REBOW, favoo-sat, BEHRHERONE, FHTHERRE,
fif +huns BIEORE, HEEROFMBRRZITA Y, HEESL
o

2.1 % 3

2.1.1 M-1763 H5 R

FE T RENRE B&llo 3o K Ak, 15650°C oBSP
WTERBLEDODL, RBCHHILT 52 28%. BRREILLA
R CfTh oo BTOEBRCEROEN T HELTIHAR, C
D £i52 1 HFEET Y ML THvA,

2.1.2 HRkHZR

2. 1. 1IpcfgAk M-1763 fisz ##) Lmm Rk L <, %o i
F# 5071 b Mo KAR, BEFACETETREN, 1,400
°C & 1,500°C o S L, COPA% DB bBLTHR
Ried 22, S L TEROBBLRIH L,

2.2 EEOME

S5mmx 5mmx10mm DR 4 AT oL, REERY
AKPEEY WE L CRATEEYHH L, JER 01mg © By
ER b ich

2.3 X#RER

T4 pm PTFORAZ R, a-Fut:Cu, Jepm: Ni, JEEE
40KV, B 20 mA oEMcXBENTIC X 2 ERFESOFEE TR
o oo BRI EEBlepo X EPTEE VD-1 & Hvi,

2.4 FERESORE

5 mm OB 2 HIRIC WAL, #800 @ 4o FR-A CHF EEik,
10 % DBIHHET 5 43 1wFed LA EB® &G L CEAME-TH
W X DS U SR BAET KK o RE T HME JSM
~2TH3,

2.5 REHRDW

T4pm PDTFOREKZEE th AR, BT 28K LT,
10°C/min _EFHEECRERGTEITAR o oo BT BHIERTE
OREBSTER DT-1A ©5 3,

2.6 F¥r70—-FX}

M-1763 fjs2 % 74 pm BITFCHREL, %0 lg % [EfE 16 mm,
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EX 26mm KEREELT, CoNREiEeitcroks e
e 2% 5T, FEEEFEIAHED BT, FERICE, ERNEHIEE
FD prz¥ BB E v, B EZBERCHRA - ko MimiRET
DOPRFFHRFEE 5 o e Lk,

2.7 BRFRHOBE

3mmx 3mmx20mm OB EED, 519 kLo UBD K #
IEAESEE I X ) SEIRRECE fIE L 72,

2.8 HIFEEOCRE

S5mmX 5mmX25mm QR & 5 A OMEfiL, FmE TS
%, 30 REEEFIC 5 HERE L CEmMOGERELZ, 25 H
fE 20 mm, —@EEEK XD raxs TTEEMBBIERE < SR+
E L 7o

2.9 Wr b Y LERKE

{LRRREED 5B, FTH9s BRACKHT LB R 50,
TS CEREE N BB OESUENEE & RO B E ok
L reo

2.9.1 H#ofes

3mmx 3mmx 15 mm OB D% £ 800 O 4o - THF
BLT, Hlic#EffL 725 6 mm, HE075mm, £& 100mm o
—Ek L curL A3 Ic, &2ARFOANL, WRT R, &
FLHAVBERAHFT 1dmg 0 Fr9s (@K 2 AR (BFEREMET Na
RBAFICAZETH D), I LICHRL T =urLi17d ot ¥
w3 Lo BBV EEZCT220RBA DA% Zwr A7 Z1H
B 12 mm DIEEH BURAE L LHERERENE L 72,

k5 iIC LTEs 2 B e SR E CERE L2 BRIFN I AL,
B QWS O IRFF L e o MBLORD - 2 BEHT 7udy SHABE
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Size of specimen for electrical conductivity measurement.
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Arc tube of high pressure sodium lamp.
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X-ray diffraction patterns of original and heat-treated glass.
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Fluidity of glass vs. temperature.
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Properties of M~1763 glass.
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Temperature vs. electrical conductivity of glass and thickness
of Na diffusion layer.
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Time vs. electrical conductivity of glass and thickness of Na
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Appearance after sealing at the end of arc tube.
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Reliability of Electromechanical Components of Home Appliances

Consumer Prodicts Research Laboratory

Tomoharu Hasegawa « Masahisa Kobukuro

Electromechanical components used for home appliances are discussed herein of their importance and special nature among the

components of the kind. Also discussion is made on numeral points in the basic technics concerning the electric connection which is

regarded as essential in the maintenance of the reliability of the components.

In addition, examples are quoted with individual parts switches, relays, thermostats and connectors from the viewpoint of the relia-

bility from the result of studies on those in practice. Also, description is given on the present state of these component parts and

problems posed on them.
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Classification of electromechanical components of
home appliances.
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Relation between current and welded strength.

— 20—

3.6 TRS 4 @l
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Programmable Sequence Controllers MELSEC-310

Head Office
Kobe Works

Nobuo Kubota « Syuichi Nitta » Yokichi Ono
Hiroo Yamashita - Osamu Yamamoto « Nobuo Ono
Toshiyuki lwanaga
Nobunori Yamasaki

Nagasaki Works
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Plant equipment is getting extremely larger sized of late and its control also is required to be complicated. Tbis in turn makes

the field of sequence control larger scaled and intricate. The controllers used for them, then, demanded to be built with a new con-

cept. In the past wired logic equipment consisting of magnetic relays and contactless relays dominated in the field, but in the latest

practice programmable sequence controllers introduced herein superseded the old equipment. Mitsubishi has rich experience with the

sequence control, which has culminated to the development of sequencers MELSEC-310 as outlined.
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Specifications of MELSEC-310
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T332 L BTHETH 3,
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Wi DRE 3. 3 IORTEAE—ETH 3,
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BHL, Thbb, fEkK Yu-v-roz ¥ o Tk Bl 5,
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% 4.1 MELSEC-310 » & 4
Instructions of MELSEC-310.
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i}ﬁ] NOP "’”‘[“\"O_p—_ L) Ta 5 LD ENS
1/?11
b "5 Ltk
4 | END S %= 7077 noNh
43 Y
Fz 42 EEEREE LU
Delay time and range.
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0 0.01 005, 04, 015~ 0.95 + 0.01
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ORI 2 ¥ 0 EEREMNEHT 2L LICE Y, Jodss HROF L
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(1) yu— SR oL & E“C'fé%'@ar %,

(2) Jpds52ud £ - BEEAER N,

(3) HEESHICE D v~z BEERE S IC Jodss TE 5,

(4) -5 EERRETD 5,

(5) #BHoO s0- LI o—ror B—EETREATE B,

(6) REROHFABHBE T 8 PFLABEBTE 3,
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i MELSEC o> CPU 2t RUN 0 #kfls, +4bbH, v-ruz blfnRE
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(13) DN RWFRTBEGT, Bagle BT 3 v-roz HEORER
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H42 #nkHMB R 4.5 7045 LEE

Differential signal sensing circuit.
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Common interlock circuit. Example of program load.
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SAvrvsEE | 2stwE G 200 FLUZOHI - A LT N CTHAZKETFTE N D,
5. MELSEC-310 #ij4z
STEPETiE4$
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NedDTHEH, chbZ5 ASEEEL LOFNOPIL- D
e, W Uu- BREAMEE Y- R o CEeRBiEs T s
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I
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5.1 MELSEC-310 fi| i #%
MELSEC-310 control panel.
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Programmable Sequence Controllers MELSEC-710

Nagasaki Works

Toshiyuki Iwanaga » Isaburo Katacka

Recently automatic operation and labor saving are extensively taken up for industrial plants. To realize the projects programmable

sequence controllers have come in the limelight.

As the industrial installations become of a large scale and complication, these new

devices are perceived far more advantageous than the wired logic type old arrangements in the points of reliability, flexibility and

maintenance.

To meet the demand of these devices, Mitsubishi has developed general purpose sequence controllers MELSEC-710 and added them

to the regular manufactures. This article deal with them.
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—{t, LR, -l b DTH 3,
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Fohwd BTS2,
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(d) #angE

JERE RO NE, BOEHE, B Az 4E, v-ruz dvbo-5 [
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(c) A1 HIAEME x 2048 5, 2194 LO24 5, STU B
SEkW AR K E VT, KB AREAES CEREN D,

(d) % 1wt iF MELSEC-310 & Eififhdid 5,

(e) %%k Jotza AHIY 12wt K& 2T, Avzhoub, JUtwl
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3. MELSEC-710 opiAsEt & #4E

RS & 0> ELHEERENS T & 5, . 3.1 MREC iR
MELSEC-710 o »25430w2 % RI3. 1 wHiT, ok -
(1-h) REHE (1) _—1
' CPUR (CPU)
) TR
(2;) (2'b) (1) (1-d) =
Y32y b Ay Fen g ' th -
1b
SRR A 5 Fef 5 = t 2,15
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: - Bl t—IM 1 t =
s sEm— e | (1-a) i %?5{ iR U ‘
1By =
. AEY 186 b
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C
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R B)f 7 -7V
. = (PTR) J
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Torsivy
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X 3.1 MELSEC-710 25 470w2 X
MELSEC-710 system block diagram.
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3.1 1 EEHERER (CPU)
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U 125757 AL, MLl 2145, 21t
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(1) »8) OFAHLOEE, »89 OWNES, Bl
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BT CH S CIEREE ae” TH DR vIC, WEERE
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ABY DOIERE R LT, AJERE, OB EHEAMNEL, £
DFER T BRI~E D,

(1+c) AJERE

RAEMCEE L ATES2BIRT 285 T, AT1ofEF: LT,
Jotz A 1zwbt o0 EE(1), WA avbo-3 25D 24—FA
wo f85(0), a191zwt b0 EE(T), —FKiHEE»rLOES
M)#H by, cokTl HEERL, HER~ZHT3,

(1-d) HIERE

FEMTHAABI N ABE 2R Y HTHINIEAOBRIREFTAS &
tHhT, MWHDEEE LT, Jota HA(O), arv1zoM(T), —
FHELR M) 2D 5.

(1-e) —IRFECIEH

HEMEORE, —RWKRET 288 KAR 3 0T,
- L 3 HEAHFMRICHYT 3L DTH 5,

Ay

£ 3.1 Jotz AJ1zwth

AL LT 768 maEHE, AJyau & LTEK 1,280 i CHERRE]
BETH B, ¥, —EHCEROROFMIIRERA L LTHERT %,

3.1.2 AR

ANEE Joea A 1zwr (2-a) AT Ivto~-5 2+ D) %
5o

Jotz EH LDEEE Jota AM azwt KXo T, 1IC 0 @ifE
L UL IO L, A duto-n Kk-T, 1AZEBRLT,
BB~ EE %%, Jota AN 1cwt @R 3. 1 IRFT X 5%
BEHERASEMLTE Y, 2254 WELT, COFrbERT BT L

BTE D,

3. 1.3 HHh=

W Sota 1 12wk 3+ a) L 2o b0-3@ - b) bk
5o

HH aoto-3 12, BEABEES LOESFHIOERT A 1

AeBErHT oo, Joeatiicetid, 20ESE Jotakl
BEEHT L LDTELEE LA CMET 250 TH B, Jota
WA azwh i, £3. 2 CRT X5 ARERPEMLTE D, vaF
L EGELT, TompbB#RT 2 R TE 3,

3.1.4 #4=azvy b

vItoIPa 2 TH Y, FROBE (0.05H~950%), 212Dt
why, Utwh, 212 QIRERIETRT Jods, CORBFT B LHBTE
5,

FRAMEERFIAT 2 ik -C, LD a1v 0L BHEHHRE
TH 5,

EDBEHMIC, HROBERTEENBCEL > THTAS 7Toda1?
350, ARCGLT, ChbDRYEpTEICEBET HC L
BTk B,

3.1.5 FRs53v s <xu (PP)

TR, HERESNO 12y O Jodss EEELLEY, ATY
ONEPFAHE L VT 2E2L, HAREKHD Fzvo, dv5Tv v
~TuR Fawy REEFTHRSCEHTE S,

Hie, squ3vg, #5-JRvr K s-Ju-4 S5 &, Jodss
DL, - FFHASCLHETES, GHlK2 T 4BEEZEM

Process input unit.

;’,‘ AMEB(7 oL 2l) o g F A BT Tu kA Lokt Kk
0 & ¥ i i
A EE kiR (cPUM) & H R |2R7F| WTFE | SE
(PIAF) AC 110V 10mA JIC v R(5V) O oA O — 16
1 ACAN 7 A
PIAA AC 110V 10mA IC v (5V) (@] Fyva (@]
b7 AR JIvhbAL T
(PIBF) AC 220V 10mA ICL=(5V) e} Fo A (0] — 16 }as
2 dmdt i, Y-
PIAB AC 220V 10mA IC v~ (5V) e} FSva — )
DC 48y 16 avBa—F LN
3 DCAJM
PICA 10mA IC V=L (5V) @] Jy—FYyr—| — e}
Y L— gk
DC 100V
4 AHHEER
PICB 10mA IC v~ (5V) ) Yy—Fyr— - O 16
DC 12V
24V 16
5 DC 12V DCAM1 FHEAL v F
PIDA 24V IOmA O - O
=it T4 VINEAL v F
éﬁjﬁ;‘i‘ﬁ =R/ Ve 9%

y—rua iR MELSEC-710 - 5k - A
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% 3.2 Joea Wl aet Process output unit.

3‘ HAEE( 7o+ 2) A h B % A Ao dds Tu ALk ;é
R — & " i
& WIRRE BRI (CPU ) BEim| # & |axz#| mra| &
(POAF) AC TiOV 24 IC L~ (5V) | —pwmatsrz O - 8 ACHiH 7o e~k
]
POAA AC 110V 2A IC L~ (5V) O NLA RS VA — O 8 = A\ AC/SL 7
(POBF) AC 220V 24 IC b~ (5V) o SRA LSV O — 8 BCR{#
2
POAB AC 220V 24 IC b~a(sV) o} PAL TR - o 8
(POCF) IC L= (5V) Yy - o] - | 8 3 AP 8.4 Bl A% A
3 AC220Y ) S—50 ©
POCA TIOV(| v 52 5BF |IC vou5V) o YL — 0 8 560
SD—112 i_O_H
DCI00V BT = L ERPZ T
4 5 o—o0
POCB IC v~ (5V) o] Yp— - e} 8 °—o 8 rFvRAT7T
DC48V {1~ M Tk
5 HUT
POCC IC L~uL(5V) 0] - - 0] 8 ' L ~1H
DC 100V 24 SLAFS VR 8 DCilh DCron7
6 i ¢ 77w Tr—%
POBA IC L ~uL{5V) o - (@] ACTEIR DCavy 74
@ % 3.3 MELSEC-710 {-b—i53
! . Specification of MELSEC-710.
LINE NUMBER I\PbT/ObTPUl NUMBER DEL. A\ED TIME i i
000 ISEC pi : #H ZbT =¥ Fu sy ak
1O 2
U /Eg O\f EUL/7 zoméfsc AEJHET FLak
2O1sEg w7 OV v X F R AI, WML 24w, —ERECH LT, YT
i ALARM Frzi
STATUS® FUNCTION MODE .
AN ANIOUTSETRSTPLSCAL IS ev s} 5 @ % E Off m [ l0ps
.._ACS O0OO0O0OO0OO0ODO0OO0OO0OO0 qump ___@
0 0o OOR oom TOD It cm "\]’IFBY’I\\OPFND B & & & | 18 N
R 74+}%) (ERBIE)
@ o M 2k, 4k, 8k
LINE NO cF — 5y 7y = 1
Gy wniTE S h IC A=y, WATEB i, HOK 1260 5, 256 1
@ STEP = ) i PN i} B tv=a, 9ER cosbiEM7 A
=
W @ C 2 w)z -3 I3 B fEA 2,048 gi 16 mIMEL
HLLEER R R IEET
L AT 128 /7 U — Lo A JIUESE
@ ® @ ® G AR BT VA s L A i
7 2 3 i - " 9
Bl 3.2 Sudssudiin 7% B o4 M JEA2,048 8 8 M
Programming panel. Tle mo» kU B ®KID
oy 128 15/7 U Lo A JIG -
o) o N R M i i
J0J5307 A, 2u vy 1va2z-2 TH Y, Gz L% % F K FaVxaky7 a4~
I for ok 1,024 4 8 i
FHRCENT, ROCLERPLT 2, ! % E # BoOBRAKI28 M/ L—n 8
(i) Fot- L Faoafer TR i |05 2 4~ DS WA
. . — o flEee FurIadR, HH, 127 7%
(i) 10fEFRL LT, IR L INT PR o kb A yIgvens
(i) +- AR, AMIEHCRETIRTRL, it AL
. ME e e - o L . | HEeeREK 1,800 /%
(iv) FHEUBEHEARDB LS, 7a0va7-2CBEMLTR S, & 7(;71;;)/ 7 8l 25.4mm b
3.1.6 54>FY>4y (LP) " & :;2 2,000 /43
HAEHEEANO 1Y OEBAN (BHEEcRR) 2 AMPERFEL & & ?(;7.5 ”y)' 4 < 8B 25.4mm &
. N # 4#«ISO
“» e %
B\ 7ol BREEICERLT, Justrat T3, N e =
iﬁﬁfﬁ”fﬁ]%ﬁ%@iﬁi LAaw Aoty EH) <, Jodszud At & ®s y v P FesIARE) A FEE e
" o > o (F7vav) B fE-350ms/T 4 v
Mr—JTRoF T, D1 UB J0d54 25T LT IHEDH, £ 0 Fe 1807, 89 mm &
p'q'fﬁ,% SUubFHb T3 EHRTE S, T b ow oy ox 4 - DCERHE ;R S0ms~200s FHRE )
3 1.7 .. TP " FyPALY T x4 b HEEA
w7 —750F (PTP) I Y e O
HEHEEANO 12 OFERARZE -7 CE LIRS (18Y4u7) o 27y FHT 2Ty T, AT A= F
. < _ . TV ey PHR; HERLFIE~+T Yy b
ZEHBTELDT, 227671 \wd HD 218 ONEEH 77 TH j Tk b H Y v k| A I0M LR
L, AT ~FHEEXALELE LT3, #H5-Tu-4 BEHL M PI/O b L B4
L PR A 256 5, 4 ANUE SLEME A
fcLECc % 3, ®ls » + W % Rk 512 5, 8 SNl SLEHIE
“p o . _ o . Tl AT
Lo k5w, 19510 T, Jodszud A Lk F-3R0F B PL/O & Aftk#
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g

g

i1
.
4

LT, Jodss Ofelkd WHETS 5,

3.1.8 #®y—-7U—#4 (PTR)

WM F~TAoF # 32510 avba-2 TYER L7 57 ONAE % 3
RN D x5 ~EERAL D DTH 5,

Bl ke MELSEC-710 o> = fEICDWTi_&ds, thb% T
DI HDHBR 3. 3 KRTEREE-EETH 5,

3.2 @SR

MADFMMICOWTER 3. 4 25, AFsE, Koksk
5,

(1) WRE&mS AND, OR ¢ ZNHLOEED LA LMATH
%,

(2) BREEmS : 212 B8, twb, Ytwb, 3l 1fu2000 RE
& X OHE, WOKRMGEMREEND,

(3) HWas: OUT msdid 5,

(4) Jodse WS : B,

& 3. 4 MELSEC-710 43
List of instructions for MELSEC-710.

AEGePoI I, M), T

;Z’U v yvaEL 7;: ¥ 2] %
o mEEGn | AN | pes | BUEOTUKEERE AN L ORI & 5
ed ABid L, O, T, M #& ) Hiam ek

(&) | ANI BC* | s A s L 7B

| ayEf G OR /Bor | BHEOHIBRL AN OREME LS
Adck I, O, T, M %5 h Hhmatkil

& %
i @ ORL | /B& | omame i
0.05 Fp~950 Bh D+ » b 25ATfiE

24 <TE TD ot A= ~Dty b, Jky b EBEOTHIE

B Rz
SET JAgs | BEEPHEEINERORLOBGE b, )

W -SR] v AR
fie RST | JjAC* | ...

W5z O, M #5635

i fioty b, Vv HEHTLORH

@ Wili4va | Cl /c o

[ RSy l L | RUARAROA v 20y 7 LLD. R
f R B4 {121, O, T, M etk 3

&

AJHEEDIEL LD, XTHFEIRLELLEA
rZ Ay PiES

o5 K PLS JF 8%

" | oA R RN T B
f | EEMEMA L OUT | /A4
& Whxix O, M

FUBEATAAEA T v PCBEELAE T
B34 No ICVy—F v ARBEIES

Wi a| IFB 100

IFBofijicaifimmic 17 2R LIRER L
ThTIFB ¢ hc 7w 77 & No.

7z

7

7| A
7 1Ko — o v 2 2 FERIF IR
N

ol
w8 % | NOP /FF v i v 2 OIS ICA R
fir
&
# T | END 00! Y v A R REERE BT
T CAL 110 HE Y~ v ROBXEFA—HED v ~4
P ]S [FO* | v xBHEFEXREET 2HEYTo—F v
. {EQ AFic X Y 7w 5 aBOKEEIHTTHE
L3 I FINmF > TA T v E R R BB~ F
o . RTN JE8
@ el i VA e F 3 ~ DR A
& AFl, WM, £ 4=, —RIEEO SN

il | EXP /00
iR, 4% 256 MCEREFHETTRS

wyva~ P @ 16 ME30R, bk Ly b oRIERRT
*FRIGHEOTM2Ey %00 2474 LTHR

Low ATHER Ol 7 g = ¥ w2 BB T2 4 <IWNES
Moo — RO RS

v-ruz flHEEE MELSEC-710 « ok - Ji[F

$IL—Fu UHEMAE, EGSREE T D,

4 % @\ &

MELSEC-710 o iz, R 4. 1 ok 22, MNB<HEE
2,100 (H) x 800 (W) x800(D) %4k E L, ROAME AR ET D
Wi %, AR, ARDOERERT,
T Jota A ov-s 128 . 2U-4
(ORTRE Jotx W ou—-4 64 . oU-0

128 1./ 2L-6
M. AHTTES JL-6 106455, O:32 4

L O T MgtidfownwTFnr 2 EBICERT 2 25T
Zo af9oL—0 B D, I, O, M BR—F#EL A>T 3,

EiFREE 10 i (+5V) XU PIO B (+100V, +48V,
+24V, +12V) o, BRSO Su—6 K, Tho BiER
FEHFEIATW 5,

il o B EgEs:

B OE AC 100 V/110V +109%, —1b29%

JE B A 0~50°C
W 10~90 9% (AH= )
800 ' 800
]
i 10w ko PIOE
] AR f
300 1,0, T,M
400 CPU

T A b

i VR

L0,T,M
300 LO,T,M

AET 7 Ay b

2100

_.g
351
i
N
N
N
i
w
—B—E—g—8—8—

LO,T.M 2100
300 LO,T,M
l . TR
50 R
] 3(130 LO,T,M

BEZ vy b

L,

HXWXD
2100X 800X 800 2100X 800X 800

X 4.1 @i o MK

Construction of control panel.

HXWXD

SR EEN

5.1 FRFSI L5 RRADHDEEZAREE

E5. 1Dk % yu~ EBEED Sodss FlliconwTilkr3, &b,
Zhid, W5 20X aRBRCEEHRLI N,

LD v-rua F 51uTuA 1000 3 5 Fodszud A BV T,
AT ~NFEFRADBECOVWTRR 2, (H3.2%2BBHoC )

(1) £=fa1y7 D % WRITE ©¥ 3,

(2) 2157 @ @ [LINE NO| %3,

(3) aM1wF® T 51T/ 1000 % FET 2,

[Ti-{oj—{o]—{0] D IF I iTF
(4) 217 @ @ [T 4713
(5) 21v3® @ [1] T3,
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= 5.1

YL—v-ruz
Example of relay sequence.

1000
n
[ 1001} OR @1004 o1
L"} ouT
1002
B"—:J
003
14—t
5.2 BB yvutLy-ruz #i

Example of logical symbol sequence.

AL I -F

T -F AL —-Fi
7o¥5 4 CAL oS A
e e _lEHTosIL
o —- -
= LtTimdee
_4 e
P CAL
ay , e ey
1

= 5.3 Y7o H
Example of subroutine.

XA TaTT L

FiTPm BRIAROE W
FT-F ] A -
1 CAL SUBL1 !
Lo ___2___. C‘AL
7 R 6 n® 2
RTN HTL -T2 . CAL
SUB2 ; IS -
e ®{| T3 jcaL END
5 I
RTN
7
=% 3 @l
SUB3 EBMEEy - A .
e\l 4 3 RN M 5.6 #ALED 50—
! Flow of interrupt control.

E 5. 4 ZE4IL-Fuoo-
Flow of multiple subroutine.

(6) z21w¥ @ o [OR| #H+,

(7)) ERBOABRZHRLEZS AT 21M97® O [START] 3
To CORs1uTuA 21001 I0A B,

(8) 21wy @ @ [I] 23,

(9) 2Mur® @ 2] 2T,

10) z21w7 @ ORIl 277,

(1) BRBFBOABTEWALLS 2T 21wF® D [START| % 4T
Fo COREsTUTUA X 1002 1Kk B,

12) z1w5r @ 0 [T 2#{T,

(13) 215 ® o [3] 2T,

14) z21»¥ @ 0 [AN ##7,

(15) FTRBOWNEZTE LA S LT 2497 ® O |[START| %41
Fo TORS1uTuN X 1003 & % 3,

(16) 21wy @ o [I] ¥4,

A7) 215 @ 0 [ 2T,

(18) 1wy @ » [ANT| 27,

(19) FRBOANBERHERLALS LT 21wF ® O [START| 247

5.5

Insertion of logical sequence.

Fo CORESIuToRNE 1004 & % 5,

(20)
(1)
(22)
(23)

1202

214wF @ 0 [0 %5,
21wF @ O (1} %44,
21wF @ o [OUT] %9,

FRBOWNBEXTER L5 LT 21(wF ® O [START] %47
T TORESALFUN 1005 ¢ %43,

R v—ruz OEM

5.2 #Fu—FiiE

5. 30 3o Ps51v DL 5 Ic BHER t—a O WIE v-ruz &,
BEERLCCRENABED Jodss Kl h, otk 47
L=Fu SA i 3t O@@®®ic, 4JiL-Fv SB R@OB@ & w5 X
SIHEAEN G, FALHEYIL-Fv BIv-Fv D ¥IiL-Fu k) @
y-Tuaon- @ 5. 4 IGRT, 1~7 BEFEINDS v-ruz OF
B, O~®i v-ruzr DBFTE2RT,

FhYIL-Fu L BEPRA > A MEOFIRICL IR v-ruz @
BINEENED v-ru2 2T oT LRI BFHLCT E 3, {5.5
I DFIRRT, PHROEY -ruzl & 20K D) iBinERE
y-HuR 3 R BEATEH, 20 s1oTuf OEBRIBEL W,

5.3 #iaAlE

E 5. 6 iRT X5 KETHRD Jodsa (-roal) Z5HE» 0
DEE, 2 VERCI D 1o 2% —RAETL, BEELOE J
0456 (~5uz8) EFTL, ZOHb & Jods542 FEFTT 5.

6. & T U

M_k MELSEC-710 i % ik~ 723, v—ruz EBR%E@HLC
38 217 O v-—rox HHMEERE: LCHE L 028 MELS
EC-710 ¢% 3,

B RS D o TEROMEG N 2B - 2 ARHE (K
Bt : 8D B X UCEEOBMERSEN, ¥ 7% MELSEC EiffE & (i
BB 5,
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UDC 681. 323-519

=EZ4 03> b a—37 MELMIC-100

AT A B R MR AR R TR R
o EEOET e RO

MITSUBISHI Micro Controllers MELMIC-100

Communication Equipment Works

Masaji Matsumura + Sukenobu [td - Katsuhide Morimoto

Hiromitsu Kagawa » Koichi Kondo

Since the outset of 1970 programmable logic controllers have come to draw aftension as an important means of automatic control

and labor saving and a variety of types have been developed and manufactured.

Micro controllers MELMIC-100 are the ones developed in use of inventive imaginations and techniques from the initial stage of the

trend and applied in the various fields. They are used not only for sequence control and interlock control, but also for general purpose

programmable logic controllers feasible to have arithmetic processing and data recording.

They occupy a remarkable position in the

field of automation and open out a new field of application different from the control by computers or wired logic systems.

L% & #° &

v-roz HIEEERR, Pk, B uL- 2w ooz DRE %R
TABNICHIEC AT 2 B Ju—v—ro2 WIC L D BEEH TV,
L L, HHAAEOSEMHE - KIRBHE - (b TEEIC & 3 2w,
1970 SERIC A - €, HlfSEE% Il A~ Fozr <k L, HIfH
WE J0J356 DT H48) KEHIEC, FhREKEAE LCE
sl s ooz HMOEEEZEA S £33 “IZA GV
-2 filifi2EHE” (Programmable Logic Controller) 238bivis:
Cwik,

COXSHEMER, ToHMSLNE, BB, Jikh ¥ oT35059
& ov-roz ik, PO X5 Yu— © oL PHEEOIHE WS
— B R R A B L A e, B - BME - 3R .
MBI ST 2o @ ¢ L dEEECH D, ik, I
M RS e T O B S 2 3T E A \n & 5 i
BHENTER S OTH 2, TOFFENG, B LENICY S50
ELTw % v—roz BEBOREICHT 28 MD v—roz B
BB O MBS R &, TR ICEE I % » T 2 AR O
LB o T SR BT TR B,

CoLSRBORALA v-roz HllEEOKES LTi,

(1) AR v-roz HEEEOME L, 18 & A &H—FRm
W2, T LEIENADZEE KR o W lESEE
EHTE L, Wbz, HEEEORS - S - g el
TE 57, HIEEED A~Fo1r B LU o-roz VERVEE R
ftT&, SACH—A v-ruz HIEEERE LIS,

(2) ooz NEOHEREISBNLTD, A=FoT7 syl
VET& 570, MCEEZ5L 2\,

(3) v-Tua NEDLEED 2T NERH ELLEZETTH Y,
Fe, AMNART Sowy BiuTHBTE 5420, Bitco -5y
2 BECHR RGO LELETERESTD 5,

(4) 2-F¥BEHTo—ruz Bl 3720, HIEAROEERREHN
HEEKC A B,

LEBITDCENTE B,
—7F, B AERE LTk, BFHERCREINS F8a0

* EE B IERT

B, 3 LU, %o BEEEL & LT o2k T AR EIRE (IC)
BERL, oBEERA L LT du57y HIMEE & U-CRAE B
KAh2IONT, & CTHRINHNE v—roz B2 il
AL, BFEERO S OBFRZHRWICOERT 2 itk o TRA
M oo—roz flBERO M ER TR A2 2 2B ENTES,

L L, BFHEROHRZAHL T3 kWA, BAM o-
oz HEEERS < ETHREANE To—ruz Ml CLE ok
i ch Yy, BFHEREAKRD X 5 Rlix0BRAERD LI B,

(1) y—roz flilim & o f A ZHET Jodse TEDZ0T, H
THERICDEF L 5 “UobtvIr" R E VS Ma-T HE o7 B
e Lawn,

(2) [EWK, v-roz HlicRELBRER TN 30 2
TEMRTELRY, WELEMLAL, T, MHAmMEED LA
CTHU D, EEEL, MeeERZc enTE D,

(3) $ERE S (B LAY 2vauFdiL-vay) TH Y, FHRE
Ptk #M23 c e 5B T% 3,

(4) HLEBHEER & oBesE, Moid, S E L e iBsE, W
OEEAZEN TV B A®, FERO Y- 1K X 3 HlEE & 7 U kit
TS € &R TE B,

(5) HEOFEE & Ao T B TLBEGNS TLotozoa & &0
Wik i e 7, “Component” & 7 {3 “Black Box” ¢ &% L,
B v-ru2 2T C & B TE D,

2200w b0~ MELMIC-100 %, kR0 X5 A RAM v-g02
HIEEEE 2 2 a B e LCRTE - SRS i, fEE0 v-roz #
WEBCERE LWBRES IS hTw2, Thabh, BA DA
HIpkiEo fas-e2BEhEZ T TR <,

(1) B 52 oA e 0L

(2) F-a OEHeEE

(3) _LAvEETEE > ¥k
WY FBEI LA BT 1m0 BRFFETH 5, MELMIC-100 D %D
N o ORRER, 19714EFK, BAM -y HlifEE Ol FEE

LCLIR, BEL OBEAERE» T 10-2 ZRAM v-rux HIE
FEE: LTSN, BACKBASHR2ERTR S,
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2. MELMIC-100

2.1 # M

(1) MHEREZ ML L ooz HIHERCTD 2

WHO v-rouz FlEICBER ot WEGSTCMA T, HiiH
FEREERH LT 20T, WAESBEZLEL TS 1oz il v
T4 CEBRETH B,

¥ 7%, MELMIC-100 3 F %o 34 & oo Hekie Sl 7 -2 D 0LH,
LY AR TS B,

(2) Jodszvdadws TH 5B

MELMIC~100 i k 5 flifdsB o, = o Hli=FIE % Bgn
T A B s vulies RHAT Jodss L, TOWNE% 18] (#
B LHAH 18y ROM h—f, F2M U-F 51taeY RAM h-t) «©
REX 2T THY, RFD ort-Fosws O X5 AEEKEE
RETH 3,

L7edoT vazs ORMABERE AL TY, NFo1y O8ER
DB LBTE, THOEREEMNEC 2B TE D,

J0d54 #EEX ¥ 5 28) ik ROM h-f ¥ %21k RAM h—|' %
R LCv5, ROM - @dIEREE 159 20T, HRlErEEL
EILE->T, TONEPBEEIN LT &2 CERANICERES L
50T, RO o1r-Fovws EFEABECRILS C LATE B,

F0956 ° u-ruR DEERTEI N LHEE RAM h—F %M
ThiE, BECHBCEET20 8 TE%, ¥4 RAM a-F &
ROM n—F A2 S b, &7 RAM h-F T Jodss % 720 L,
HECOMARNOERE L5 TH b ROM h—F CEEFT 5 2 EHT
&5,

(3) 2254 DEEL OISR CEHITHETE S

F0J54 DETR Jaws P E e AR HHO Jyot %
WRT 5700 T uass OEHE WAEFFTAS T EHTE, kDo
1P=~FDUwy A X 5 ARSEOEE 2B L L,

(4) (&g, @ g, EEEkcs

[3 % T SR % [ LT 5 2w, g, widiikcs
2, Tl v27s OBEBICIE CTARTIAES, 48U %
BDONDEDT, uaFs CHEHERL, FRMBICH LT HHEHICE
HIT & %70, flisHcs THERCERTS 5,

& Ol vazs CHUAALZIRETH:, TRp¥icik s o5ty
2R 7 EEBIEER LRI HiT E 20T, EE: ko
HTHLHATH 5,

(5) WEAAUEEBENE LTS

ZFO W 2276 CRIETE B X 5 1, LR RN TEN &
nTws (E2 28H),

2.2 # H

MELMIC-100 &, @HEH# 120t 20 & LT RO MU &
OMI BB SRS s 2T E D, MkER 2. 2 Wi,

2.3 f+ #

(1) (SRS 2= b

g . TTL/DTL 4:RgEg, MSL LSI
W - S LERARE Jodse TR
WEAN 2NN, BeMR

et EXTH (F2 1)

THAHRE : l@aamiy dps

BEOR: 16t b
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2.1 24203v}Fp~-> MELMIC-100

Micro controller MELMIC-100.

Xy
azy b

STAEER(HIBI X £ Y IPA.O~T777

7

AZ 7oy Fly Xq:‘;'(EZ/A i)

[ roM» — r(easm) |

THA A T E 0V RANM 7 —
40

ERAr

RAM # — F{2568%)

e BRI

{MELMIC101)

REG (0~17,777

FoE AT AvEigb 7

(A b Tl ATTRE )

AEY ¢

2. 2 MELMIC-100 o #5k

VR MG sk CRFR 20D 5 &S

Block diagram of MELMIC-100.

LWH] 28y 256

i, ROM p—F 22k RAM p-F iz ,k 1,024 m’%

AEYIw b I AT FIBUEY)
voza s IC Luza (NS - i e
NES LAz

b T A 32 )

F¥1bLL—2 2k

AFARAVDAR L 38

FRUR B LAz L EERERT Y

RworlLyaz 6 BERERE Al 38
e LUaa 22 FEHEEETAE

- A
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g5

2059FAw P €Y 224 38, BEEEIRE
AR F

e

b

-

o

P 1A 6 R (EREdel), AL REIR & b icht
R TTEE
s PR e
% K B 250, 1E 480, MFT410mm, Swuoovubafd
O AC 100V +109%, 1¢, 50/60Hz
A . MR 0°C~50°C )
M 95 %GBT (B LAV L)
F 2.1 MELMIC-100 fi4—53%
Instruction list of MELMIC-100.
L viRY
MEIG I % #
s A n ¥ Add
i Al B # M 5 Add Immediately
il S b 3T  Subtract )
I S M # 3R S Subtract Immediately
o AND # B M logical AND
#
- ANI ™ # 3 F B logical AND Immediately
uq OR #% ®  #1 logical OR
ORI M #% 3 ® 1 logical OR Immediately
¥ 1 EOR | $Miws®mAm Exclusive OR
3 L it W Load to accumulator
TFR i %  Transfer to register
2% LI W # ¥ ! Load to accumulator Immediately
‘f; SEB 2y P E v} Set Bit
i’t REB Y+ v ¥ >»+ Reset Bit
3
& TEB vy FRMBHGE  Test Bit
B SL % ¥ 7 } Shift Left
7 SR 45 ¥ 7 It Shift Right
B SLD teiEEAE 7+ Shift Left Double word
ol SRD W4 &7 1 Shift Right Double word
B M & {4 % & Branch unconditionally
‘FU BNE 1 % # M & DBranch on accumulator Negative
BZE % 4 4 W& Branch on accumulator Zero
% BPO FE 4% 4 7 &8  Branch on accumulator Positive or zero
BIN [ # 3% & Branch Indirect
il co W 1 4% 4 Command Ouiput
T™M M R 14 ¥ Terminate
W NOP iz B # No Operation

F2.2 HOEE O R G

Fundamental characteristics of peripheral equipments.

# w | A 5 t fie

AN ==t ATT 1324, HERERES
W16 p, HERERER
32 AT, AMAIAER BK8192:

ERERBELYL QVEV) 4 v 2722

tVEAAEF

N

F - A ) 256 FEML©, ek 8,192
RAM #~ F#7%i& ROM 77—~ F
BET 5 27 3,072 %8, 8192735 % 11 16,384 58

EHT AR L 60Hz OBE 8.3ms
50Hz o4 10ms

AH L Vv =z 2 TEMMOBI L~ OV/EV) ANL vET7 2—2
HMhv ¥ 2 2 VN BT v~ OV/EY) N4 v 27 2~2

W -9 -5
H;F—T A F o
FaTEALT Y v

BEO Y EE 1,000 /4>

& AFLERE 1,000 324>

175208, 1221200 %

ENERE &k 31T/

EIZRRIE 16, 32, 46 FIE

ENPREL K 10 5B

BHLEMAAEY) (ROM) ~0 7825 AfA»EET
wAEsx) (RAM) ~07 825 2BRA%, BXUT
v ¥ T ATy SRAER

WMHz4 774 %

ROM # & & |
RAM # & £ &

=3 910000 bo-5 MELMIC-100 « #3kt - (395 « #4K - nll) - 5

(2) ROHRE

R 2. 2 CH OB R RT

2.4 HEBOHEE

%21z b OBAEA SR (1) ICRB LTS 20 TT CTRAEMET 2.

2.5 Y—sYRTASS LNy =Y

-T2 F0954 Awir—o ik, MELMIC-100 % s—ruz #fE (A
NGO EELIHFERHE, 1ua0ys HE) SRACERT 2B A
L EMICEIRS € &3 TE B L3RRI NAKE Jodss T, T
hWzEMT2 L, v—ruz @EH%E AND, OR o Jj- KET Y
2t FTERGT Jodcn HVERT 2T e R TE S, LOHE, Yzt
J0J354 i F-aaw) KT R B,

e
MERER2 3L, v U2t JoS5. O—FIERE 2. IR T

YU T0056 -2 1, F-s48Y KN T REDOF
D N2ANT0F56 F, FEHE 10e b B N v-rua Jod5a A
w3 TR - BT 370D 210030550 L5 BT EHRT E B,

2. 6 MELMIC-101B

HHFME 129 » MELMIC-101 X b B ic &Y ZREOHNA & 8L
Bl% 1-wt & LT, MELMIC-101 B 3% %,

> MELMIC-101 B o> R2# A RIZRD &5 HTH 5,

(1) xwy &A%, k2048 8% ¢ MELMIC-101 B ic A i HS
& Lio

(ii)) ROMa-f & LT, HETREL ROM 2R LADC, B
AEEEEEARE, —EROMLLTLE-Th, XORE%
HELTHONE*BHCEAL C &8 TE 5,

swmam | 7YTINMEE T v 770w F(F)- 2568
N A 324
AEY 1~130)
Sy ?(L) ........................... 64,‘.5':
RAM FoF AR (558K word)
WAET (Wapr xgY)
*
m+1 E
~mtnl AfYL - o
I e -— A7
ROM Fevan |— 9
Xo™~X= G~m—1] T2 b ur
Yo~ Yn ! (0

KATT A Ve

(TR A7k, B 1kE)

2.3 y-7u2 709546 Avr-o HEEE
Block diagram of sequence program package.

F 2.3 v-hrurJodss Aur-v me—EER
List of instructions on sequence program package.
Fiak= [l & # HE P <]
I AND | BBRG & i XY, FL, T
" OR | mEmaa +a X, Y, FL, T
B AND | memming 4 -3 X, Y, FL, T
@ | ORI | #EsHMGm S +a X, Y, F,L, T
N L it R =a Y, F, L, T
TlLL 5y FEFFY s bad =a(§x7sh) L
) TM [ #RA v~y rx IR ORTRE | T—~F )03~
21 B | ESRERE (0 _—=1,024 38) £
7 | NOP | &8s AL, HAZRF v O~
& | COl | (5fme (1~ =256 51) FI 1
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T = fER
X01 - X02+Y01 + YO3=F00
FOO - FO1 - F02
+F00 - F0T - FO2=Y00

FOO - Y02 =F03

poz% °§',[Foz 9voz

OR X 01
AND X @2
ORI Y 01
ANL Y 03
L F o0
OR F 00
AND F 01
ANI  F 02
OR F @
AND F 01
AND F 02
L Y 00
L T 00
OR F
AND Y 02
L F 03

2.4 y-ruzyztiodss
Example of sequence list program.
(i) MHEHERE MELMIC-101 ¢ EUCH 3, LAdio CTHA
D vob917 ° RAMBAEBE 20 ¥ $HH+T 2 R85 TE L,
(iv) MELMIC-101 o flii% 20k g C#dsc e
KRTE D,

3. MELMIC-100 o fsH

MELMIC-100 &, Jo5931 0892 Jubo-5 & LCibiticx
R THE - B L, 2D 12— & 7157 (RAM/ROM Jui7
AT, SRS % F—anfus BEERH LA R A v-ru2
HIEZER L &) L ORI A R YDk i, HiE
276 B LS, ik, REORSE, (&M, SIEELS0 E
Bt O 3R K O S IPCHF E vT vy 385, ChEcoil%
BOE EMNS L GBI OB A RSS2, 3. 1 i,

K3 1pbh3ksc, IWCEBEOSFICHT SR, T
b, & EE R a etk e LCERE N B s B,
3oR7 ob-u B0 BEVERL - B s HIE, ACLBERIE, tet-D
RGO R RS\ C 21, MELMIC-100 o4& % & < LT
w3,

biko k5w, MELMIC-100 o SRS IER civa, o
TH, Wi A hEbomaeeERHEe g cnd, Gl
EhEe F-2 OTHEOEEERE VY L TR 2 0hd I T
BRMICERAT 2,

(A1) FUHEE I 2o EE

CHEBHEOFEBEY eza 72 db0T, #H, ABT2HE
BOEECHL, B 3.1 (a) KRT XS5 % F—824-29b T F=2
F%, B4, WAME PIUC—SOBRTREDDTH AR
FEREET RO, ToHEESE XU Ju-fia-v HRES
FIREBLCTEE, HE2ELE ok F-a Wl Thr el
Berd T, 247512 & XY va-4 TN 2, B3 28K, #
TR & R b B S X B T 5, XY ua-deirX

1206

£ 3.1 MELMIC-100 o540
Application field of MELMIC-100.

oz
S0
0 10 20 30 40 50 60 70 80 90 1G0
i I L 1 1 I ] 1 1
) Z il
EOFT 2yl e & | Bh
sEgn [ E
(a) SRR 438
%
0 10 20 30 40 50 60 70 80 90 100
L i ] b L i i i
3ux7) B P
ERED 4 ) |F—For— ” 2k
il N B it

(b) %3

7= #NO. e R
Al Ty RSR— Rttt

T=RAEY 22wy}

FATS 45
A2 Tz~ 22y b

ey

XYy a-%x

© 7 — 5 EHF /IR
DR 5
@R/ T~ % v s~y

(b) F 431

3.1 SR e
Data processing system for stop characteristics
monitoring of train.

PCEEREE, Y i IR & Y A 210 € Jowl T 5. WICHEIR
HEEnET oY, WLk F-2 OPFFILED B2 K
O, HIFETFHC L TED, 5T pbANTIETTRL,
EHEANT Y TED,

hr ool 2R 3. 1 (b)),

#12) BBEAIEEE

IRAE EoRPIBEZ BINET 2 2 0O HET, HLbhi T
~a DT BH - £ - IS - SR 4 B ile ik X
FHCERTE, T b OFELITEERNARAIOBIC £5
FALT—DODELANEL LTS Lar L, EAXE LTH
BCHMBELLS ET200TH 5, LikdoT, WEAROHM
HEERIEFCHBERBICTILE G BT LHRTE, e LWFIE4
1t FOEERD - ThH, FREBCREELIFEMELILEN AL,
WIEENT 40P CXIG Lic -2 # ANT 20T, BHOMEY:
BN CfiAs c eHBTE S,

=SEBSER - Vol. 47 - No. 11 - 1973




R # T %
(MELMIC) (VAS)

Fo2ATY fed AHREYF— B £ B} L

A

u shaT - %
PERF - &
FyRABH
5 %
HEES
SRR

K 3.2 BETEhRABGEMERE

System block diagram.

MELMIC

—100
[RstemE | 2]
WEEES gﬂ [ Urtr 2035 fet—_i2 75125
akazesd wamme s E Y Y e e E LSO L
A e e L B W ey ey

T

B

(b) R8E

X 3.3 7o FEBNE Jodss HH

Program control of arc furnaces.

AvNYR—FEx -

MELMIC —1C0 1

U LT/ RRE] | IBESE
(310 A 3) L=vh :

B/ E2E

oI R
FTTA v RE

Ty vx

(= =] =
= =] —omemmesemsee =
= =] =

L 9% {288
1 ¥2

® 3.4 HbsREE

Automatic sorter.

=% 2{203v bo~5 MELMIC-100 - $A%} - (g - FRA< - I« 3L

H LR A ERNEEE —Plic e 3 &, FIBLEE - FIETHT
« ABRIPIE - R ANES (BEMBES) &L, Lh 8HEE
Th 9FEEOSEIKE S ASLE LT, Hi - JEFES (12~999
B) T (HEEMIREW) - Bl (0Wib x 5 X3 b 23 H 59
DRETIHERCTEE PRAEIRTRD,

B ER AROREE I, HEENEEE & L MELMIC-100 %, &7
fElEWeE LT VAS 2l L, chic AJIVIHEE « F—axxy - 15
- QEBSHREYE « MR -+ 2 X R HLEE Al & RiEpe
O 2HPHRE R > T B,

W3) 7-o PEIHE Judsea fill

P2 FOFENHIMEZ, flb > THRDTHE A BNERHLMEL L
% Jodss ki<, HEMICTL 5 Y0 T, ZHEMER 3. 3 (b)
CRTo ERD -0 PO, BfoMTCkE-<, %
2ZILT BDT, CoOELRE LA FRAIEC ARBABII 2K
AT D2BERD D, FUROELLBEATEENEFLIEX 3.3
()ICFRT LS AR &5, BBORAENEY WH 1—2 2
b ALA ATLT, ENEFEL, —F, EEELEZHEEL, @
BRI LAN G, Ps5uz D aw? DL T, BRHENEEZH
ATBCERED, P FRHBLFELTO L, Tk, AEHE
EERAMBOEE L EETE 5,

(Fl4) HEsEE

Chid, BFEEORMARERE s1v S0 TE T, TR
HEERTAS C 2Lk, ST 3o ctdsh s BEER
DHDT, Jowo MER 3. 4 CORT. FEEOHIERL, SEER
LR, ZORO v b1vd-4 DEER I ALY, D Likw
HogoNBdbT 2EzHicitELTce . =4, veD b1
-4 DEZER 28 LT, —HLAi & AT Jovp— REENIT 2
Tk WS RICENT T 5, veD tIva-4 RO & %6
EACERL, ChiHECe hHE B0 YD TH 5,

L4t 7 v

ko ks ke, 214700vk0~35 MELMIC-100 {3,

(1) #Ehih AROEH, JEREVESEL)

(2) BEBb—BEOKIEL, Bebs kUEetkom = (A
Ml X % 3RRE - BRI, fElESER b o ARIFL0

(3) HER{b—RUBETHHES 24~ FAwo O PR IC X 585
B X e OR L
% ER LTBIR  BVEX N AR AM v—roz HlEEETS 5,

DR AR v—roz SR, BRTE, 1970FE0HH-
b 1971 EDHHR IR T THE P oS EFET N, HIWD -1 %
VEo %45, MELMIC-100 & ¢ o iids LRELIcEVERE S A, C
DOEERICE, E& LT y-—run RO 1—h O LEEZ
Nk bDBEEL, 1-F DG bHT, FAMB v-rux HlHEEED
NHweT3ECAEFEMRLTY, HILepFoilsicklss
HELLBHCERS CEdH Y, Y, BHCELTLEE RS,
bt & bdokd, 1-4 2 oIEME WA FHEREHOIZH D
BHEC L Y 1-F OERIC 2wF LARD O RAHERSLNT
ik,

MELMIC-100 12, A, o35 LA T L iIc Xk 2 8E R Da-L
FEfsEfficky, 2oh Bl RBro, »o X5 HET
REPEER KRB RER, Ko, 1 NoAHzTE 3l
DIRIRL, kDS ERCT K ENEHET TEL,
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ok, BAM v-ruz HlHERO ST b o5 & mik
I, 1%« 2-h WhHh Lok Y 14 OTERHB T x 9, —
TS EFCRIE & N 2 SIS A X 3O L il B At e 1,
TN E FIHABECHHOE 222 TH L HlESEO B+
BTFDL0S 1oL B YVEINBEDOT, 1-h0XEELTHE,
1-4 L OEEL X FWERZRXT B L5 BEA LTEAYD
MU E Lk,

2 E X &

(1) % mFEEE, 21, No. 9, 23 (I8 46)

(2) ##HEs : OHM, 58, No. 10, 2 (IE 46)

(8) &HE» =B, 45, No. 11, 1,511 (55 46)
(4) ®AFHED : EbkEst, 15, No. 12, 222 (5% 46)

1208

(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14
(15)
(16)
an

HaktiEs
D
PerriEss
I &2

BRATE, 39, [, 287 (FE46)
SR, 45, No. 7, 827 (1 46)
ZRETESH, 45, No. 10, 1,351 (1Z 46)
HEAEXEDGEDIES, AC-T2-7 (HE47)

F - BREE, 9, No. 2, 55 (A3 47)
SAREED | SEEEEEY, 46, No. 2, 263 (HE 47)

ARED
HHEDS
AEEED
TEEDs

LRI

AR 32>

IERED :

BELEN, 4, No. 5, 124 (BF47)
HERREN, 20, No. 6, 36 (13 47)
=SB, 46, No. 8, 957 (RZ47)
=ZEE M, 46, No. 9, 978 (I 47)
EBKEE, 40, No. 11, 58 (HE 47)
BHEh#E & w254, 1, No. 1, 58 (HE 48)
S EREH, 47, No. 5, 542 (HE 48)
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e’

fili7 5

LoF A 2% &

EREFH D IR R & A DAEEWE ALz % o T IRREIREE
IO EHE AR, WE, SFECHERAINE L KR T
Frko LHLAENDL, BUTFoEcowTR, A TLEMEN
TR wERES Y, TORARBREE Lol BaRRET I B
nd, TR, TOBECRITLDL 5 EHTFORUFH & HvHic
DNnTHRRZ,

2. & U A

2.1 —fgmyiBus

(1) ZHUFoHR

BEUFoRX (BEEMT, L2ERELT, RBEKERMTE X
UCRARMTAE) &, FRlE LT, HeHOME - Bk -~ -
HERE, BT RERMOMEE - R - M % « KX & - FENHE,
BT LEME ¢ s EOME, EXRT 3BT L UCREEED
B eELCEET 2,

Re—BEBUH 235 2,

(a) HEEEMF

TEFWTE, BETHFEETH- & d—BWCHEAE 3 BUT
CH D, WM OTRSS, Bk - AH - M - FHET, BEEA
HHR OERES M 05 A5 3 ~10mm I koSS cER IS,
BHLBoRMEORE XL, HEMCEIBL, BA2 G- &%
ATE, @HPOERER, £ 1E SSEEEE (D ox2.2
KEEHE T3,

(b) FEAFEMT

BEAKRFERTR, BEEEMTCERTEIAVL S AREEES
ZREMBGCERTI NG, BEABEMTO KbEE#E) 50 mm
T, @AMTRET 85E, BEERIMN 3~150mm a3, #HR
B, GHENOREOSE, RigERER toERICEIRL, ki
ERAZ,

(e) HrEmEMF

BEFAT & FHKEERT CEE LRV 2ETET, %
EAEEMOBE, W2~3mmBREAR, Fhll bo—TEE
PRETIEACER IR S,
DEBERTR, WE, BEMSEoLD, BE M2 kR
B A, BBAERSZTYCL, EEETORMENZATS
%0 BMBHIMER, —Mcimis, dMogacERILTED,
HhoHEOHEERAE 5,

(d) #HAZEHT

* gAML

FEEE |\

sl BR B (O
EERRGORE—%0 1

B ERES

UDC 534. 8-8 : 681. 89

HRRH i

OB B

FAEELTFE, TRHoBIR, BEEORES & RO HHik:
kb, TEEMT, BEKBEUT %2303 EMTREAT
EFrvBacERE N3,

PAEUMT ORI, WM oBER & ko FaEtkc k b e
Th, —fkic356~80 EAMHE NG, A¥k, JAIHIZ, —i%icH
HOBETERINT R B,

(2) HBEHR

RO LR, ikt oBEigE (Em 13- o HF)
PR 10~ (SIN W) CogE L, TIREKRHERE, ofFes, femik
TIRET 3,

WM OME, NE1E, EEEORRBIC L - CHHETE 3315
FRRBHFROE S D LR D 3B 0, BHIMEEREDEH
BRABERBES LD 2,

(3) TEHToteE

EBHTFOTER, ROAEELTEET 3,

(a) A% (KEH) oFEBFoBER, BESHELEIERS

BHTRIKC, BT RIS 0L > TR A 30
MCNBORMTFOHE I, BEREGEEEEHCIR, B
SEREE I Cl A 2 > TIES & 3,

(b) BEEFHCEE, PEOERTF OB ERE L <
BLeTnc tild s, &7, MEOEBHFOHE, BEEHIC
AdE, REK 10-FIIWPELESB,

(c¢) FA—FEEETcHoTh, EBFOTENREDS &, FThEkE
EHIRFIEMERE L 2 2, KiE 12— LB 10— 0BbIFRR
oTL B,

(4) EHFOHE

REFOHER, ROEPELTEET 5.

(a) ZEHEMTOBRSE, KEF—HcERING, BEHR
ERZHERME 2 RRRYOBRH 0B AR, KEICHE LTR
BEZEL ASE, BEOBVEE tsavsz BEHAIN 3,

(b) SEFEET, FHRABEMTE I UNAENTOSE,
va- ERRAKREIC X BHESD B », KENCHE LTEED &
WIEE t3z90 BEHEIN S,

2.2 FEFoOMEERREDS S ORBRUH

Ric, EUTFORIRCESE & A SHEREEK TR,

(1) B B

(a) IMEEFAT - REBFHEH 2 MHz, EHFEEZ 0mm o
B, STB-N; @ 13- E&¥ 3 70 %D ko &, (% L, HPIS-F
-109-72 I &k S BRE S ~T, ST, HPI &mg4)

(b) HAFEWF-- REBEBEE 2 ~5MHz, EETI#E 10X
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b fily 5

x 2.1 HARUFOKE

-~ BRI i BT A A2 EfE
T (MHz) (mm) (dB) dB)

45° 2~5 10X 10~20>20 40 gLk 40 Lk

70° 2~5 10X 10~20x>20 40 &Lk 200k

% 2.2 BHBMTFRAERBTFOTE

e (MHz) HEHHEE (mm)
0.4 30, 50
1 30, 40
2 20, 30
5 10, 20
10 10

® 2.3 pARMTRIRETFOE

. b
T 45° 60° 70°
(REUEE B (MEHz)
1 2020
2~5 10X10, 20x20

10~20x20 D5, F2. LicRT{ED z &, (NDIS-2404-70 ic &
3, CUF, NDIS ¢m4)

(2) HBETHK

(a) mEEMF---04, 1, 2, 5, 10MHz (JIS-Z-2344-73 It
X3, BIF, JIS LRg3)

(b) SAHEELTF---- 2, 5MHz (NDIS ic X %)

(3) EHHF O~

(a) BEEMT----ERTONBRIERE L, ZOFHEER
F22RTLEYLET I, JISkKk3)

(b) #SHEMTF- - EBFONBREBL L, ToBsHEX
B2 3KFTeEhetds, JISiKk3)

(4) HEEEEAERE

(a) MEEMT - -REAEEK2MHz, EH)T~E20~30mm
DEE, BEM oz, JISKKX3)

(b) FAEMF-- BEREBH 2 ~ 5MHz, REHF~: 10X
10~20%x20 D4, 15dB Lk &, (NDIS Kk 3)

(5) JrREEEsfiREE

BB RS 5 MHz, EH)F~HE 20 mm ¢ STB-N; © 10~ & &
250X L, RIBEL0 % SicHTB%E a0 iF, 125
mm P Fe3 3, HPIS Kk 3)

(6) Jairsa

45, 60, 70 (JISick 3)

1210

) 1111111 g

% 2.4 PAEMTOREE

T ABJAER(MHz)
N 2 {(mm) 5 (mm)
{ERET 5 (mm) ———
10x10 40 BLF 20 T
20%20 50 ;LT 30 BT

% 2.5 {NARUTFORERES

T B o oA
,,,, — 45° (mm) 70° (mm)
0T <t 2k (mm) ]
10%10 15 LT 18 UF
20% 20 25 LF 30T

BEL, AWERA L EEORY L 0ERL L 2EENTH 2
zr, (NDIS itk 3)

(7) A&

(a) AEAHER, milicogdsz e, (JIS & NDIS X 3)

(b) AHABEE, AHAEAODSEL LD 5nm Ofific
1lmm FET2F5c e, (NDISiIck3)

(&) +—-DRBLCO2-TRAESNTY A », JIS-Z-2347 o

42 (4) o+—-1BE, HRACHT2RETH 3,

(8) REggH

MEEATOREER, B2 4 eTFTHETHICE, (NDIS @
X 3)

(9) HRERE

HATUTOBEERAEX X, k2. SKRTETHsc e, (N
DIS itk 3)

(10) —fFEw

BMTFoRLTWEie, Figl, EHFHE REHTFOREL,
BRB LUCEFARERTC L, (JISkKL 3)

Zoft, WELHAEREE v-0, WBFSRLEERTEC L
(NDIS £ X 3)

3. W F

3.1 —fEiRfEnE

(1) #EEHmLofaby

BT, a%os OB - S vwFudbsua ORBROFE, <
wFud toud OB LU oA OB RAI 3 BE X S
270, FRTIERLA-BESHObDOEERALATLERD
A\,

LT & SEEM, BT r—oL TSRS 5, —ibic, BT
KEDEHE, K r-Ju &, EUEFRNEOEHE, #ln 5-Ju %
T %,

SEREBTFOHE, 2A%T r-Ju 2ERT 2. ch b0
Frdr i, WIFHNWAHERSOIORHERT 3 LERD 2,

SRR - Vol. 47 « No. 111973




%@W‘W

3

(2) st oEmRe

—#iC, —5~+50 EoOFFEHACHER LATRLEA bRV, &b,
30U Lo RSB b % { DR LEA 2SS, BEHFOEHER
BEEFEZNGED D,

FABMTFO XY (va-) B, RECTILICORTERL #F
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