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COVER :

Experimental Electric Car on the New Tokaido Line and Its Automatic Train Operating Equipment and
Fixed Point Stop Equipment

An Experimental car running on the J. N. R. New Tokaido line is the fruit of allout cooperation of the J. N. R.
authorities and domestic manufacturers concerned built based on the latest technique and with an aimn of replacing the
present car in the next terin. This new model is unrivalled by any of the existing ones of the kind in the world.
Completed in March, 1969, it has been now under the strict field test to confirm its excellent performance in every res-
pect. The automatic train operating equipment and the fixed point stop equipment are, so to speals, the nerve center of
the system. They function to have the train follow a scheduled speed with ATC limit speed against external disturbances
and also to stop automatically the train at a predetermined position of the station with high accuracy and high performance
through the digital control working with integrated circuits and multiplex system construction. The construction was

proceeded according to the original disign and manufacture of the Mitsubishi Electric Corporation.
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Recent Traction Motors for Electric Rolling Stock

Itami Works

Toshimi KAWAMURA - Kenichi KUYAMA

Traction motors used for electric cars are mostly DC series wound machines. Though they may lool a little old fashioned, they

have a distinctive feature which other types of motors can hardly equal to. This is excellent control ability of the machine. But high

reliability is another factor which shall not be overlooked. The study on irregularloads imposed on the motors has been untiringly made

by various ingenious methods. A typical run-curve process stands out among them to have simulation of the electric car operation. The

latest application of the electronic computers to this study is the most outstanding.

This article describes consideration on the rectifying function of traction motors operating with a high pulsating factor, a new system

with organic thermostable insulation materials and concrete technique for maintenance-free design.
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List of pulsating current traction motor.
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i slm oy kW | ® EV|® & A| BEY rom % 502 Hz 602 Hz
B MT 52 1N:51G 475 900 570 1,070 vy oK 2 24 20
?;l MT 53 1B 650 1,500 445 830 Y v F 5 27 23
A MT 54, 54 B 1 5 120 375 360 1,680 Y v F 10 36 30
* MT 54 A 1w 150 500 330 2,275 VAV S 36 30
#® MT 58X i e 110 375 - 330 2,500 Yy R 2 38 32
N MT 912 e 170 415 450 2,200 JY v ¥ 2 i —_ 30
;j MT 200 LI 1 185 415 490 2,200 bt fii 10 — 50
B MT 915 B 275 650 460 2,400 it Jig] 10 — 50
L MT 916 P 250 650 420 2,500 i hiei} 10 e 50
# MT 917 pL I - 250 650 420 2,500 i T 10 — 75
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Tooth Contact Stress of WN Gear Coupling for Electric Car

Itami Works

Jyunichi SHIGEURA - Yasuhisa FURUTA

In order to permit large movement of an input and output shaft, WN gear coupling used for the driving equipment of electric car

is provided with large crowning at its external gears. The crowning used to be made uniformly allover the surfacc of the tooth, but
owing to the recent demand of large capacity one the so called two stage crowning which divides it into a central crowning and both

ends crownings are employed to avoid the increase of the dimensions and the weight accompanying the increase of the capacity.

This paper describes, in connection with this two stage crowning WN coupling, the movement, the calculation of the tooth surface

pressure and experiments on it.
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The Second Prototype Chopper Controlled Car with
Regenerative Braking for the Teito Rapid Transit Authorities

Takashi KITAOKA - Masahiro ASHIYA
Yasuhisa FURUTA « Masashi NARUTO
Masahiko AKAMATSU

[tami Works

Central Research Laboratory

A full scale trial car on the chopper control built in 1968 has undergone the tests for one year and expected performance has been
obtained. Based on the information thus made available, the second prototype car—so to speak one of the quantity production cars—has
been completed. The features of this car are : by making the use of high adhesive power, one of the advantages of the chopper control,
the ratio of motor cars to traillers is reduced to improving the economy ; and though the employment of the full field motors system,

a high regenerative factor is given to it so as to decrease the power consumption very much below that of old cars and to elevate the

practicability. It may not be exaggerating to say the choppor control has reached a stage of practical operation.
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Block diagram of the chopper control circuit.
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Electric power consumption (calculated value).
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BFICROERICEL EEL T 2 L 5EE LTV,

(1) EEHF
(a) ATC Jjj AF jisums

2,850, 3,150, 3,450, 3750 Hz

(b) FEfRRPLERY 50Hz

(c) FUHFESIEHEEE 422~515kHz
(2) mEBR
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(b) ERREES 7R R e

(c) 7—Ju [H R OHGEREREF Y Jp TfF,
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Yl AR 003%LI TR LS5CLTH S

OC, ERLFERCEELTIVESS,

5 £ E ¥ &%
5.1 =EIMsIUERIEE
5.1.1 E g
(1) FEBEE
B 4 MB-3164-A
¥ =K EFEAHES &, SHEEEX, HTER
=8
LRI 145 kW 375V 425 A 2,300 rpm (4 5H%)
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etk 5.2
(2) BEDIEE
friZet B4 WN-1028-GM 7Tp
HE L 98/15=6.53
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OB R B L, B WN Fs15 BB e LCRENK
TaEfED o TIATE L RKEILCHH T TV D,

BB OB E IR 0 B2 Su—+ & B TREE #3080 FIMTER - LM - A - wE KT - R

5.1 MB-3164-A B35 Bhisk
Type MB-3164-A traction motor.
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A teaction mator /I
412.5V3 /
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90 - 90 Efficiency with gears - 1,800
41,600 ~
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20 rpm=42.3xXkm/h - 400
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ol . . . . . . Ly
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B 5.2 =8 56K A
Type MB-3164-A traction motor characteristics.
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Temperature test result of traction motor.
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Particulars of chopper control device.
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® 5.5 = Fauf HEM

Main chopper control box.
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Commutation box.

B 5.7 Mifianss

Line switch box.

M 5.8 i it &

Change-over switch box.
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Filter condenser box.
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Filter reactor.

SHEER 5. 4 DX 5% a1 B2 Lk O CREFSMER 123
FEECHTHINT, dIER, ShUBOREERETL, 3boTh
Wb Re B,

5.4 Fnfhisizs

ZOMBEERE LT, KDL DD B, ThbD 24029720, 2
vadvTol 8, WSS, Wi, IRIRRRAN,  Faol SRR
21wF FiE KU v7otL KT 3,

6. HEHRER
6.1 EEEiRIEH
COREBEEE 170y RBMESEHRERHL 55, RE
Yy OMREDDTREAERTTR S C L AR N, ¥, &1
WO EERE+ 1 U F L EHLTE D, LEDEOIR
R oy BIMEFORAS BLTF, 2, 307 @@ERRE &
A EERCH D, R EORIER SR o oo BHEROIRTE

PLUBERAS EbH T, BE irotw HXOT IhTwn
5T LR e, IRIEED 4otwt XL 3 XLELFCH Y, 2E)
EASLER Y, B L »WiROERILTAY, B w7 BIUE
wF &b ICERE Na—u IK & SR> CHEAMBERTEADNI, aw2
DHECVCEERT b, Tk, 4)9F TO Fao/ GHEEE X
P2 D%D FauA B LEEH L+ W b BBz 5 7o

Bld: Ju—+ FadEfcd LcRErBlEEZRL, Ju-F A
v I LTHE XL, BRI, ¥ cHBAmEE
BE LN, BEEd LML Ju—F 3 EAY HIE D ERE Az-v I
WoCEENMEY Lasbr s tick > CHIEEEZ XL,
RIERAZEHCFIHLCwb0¢, MEFER KRCHEFTZZ
BCE, 2FREBRIXOBELTORIET LN TER,.
6.2 ZERER

3B % ST EC2MAT fipgtic L, ZERBRETL 7%, U
- ERERECRIGROBEORRIEC 1< b EiEET, v-1
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Oscillogram of the chopper controlled car at the trial run.
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Oscillogram at the wheel slip test run.
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Automatic Train Operating Equipment for
Experimental Cars on the New Tokaido Line of J. N. R.

Head Office Kazuto KITAGAWA
Itami Works Takao MUTO
Kamakura Works Hiromi KANEKO

Automatic train operating equipment carried on the experimental cars in the New Tokaido Line is an automatic control device
provided with function of having the train running speed follow a definite standard against external disturbances under the condition of
ATC limitng speed.

Semi-conductor integrated circuits are used for the main operation elements. Digital control is made in various kinds of operation
to obtain high accuracy. Also high reliability is made available by composition of multiplex system. All these new types are believed

to discharge fully the duties as operation control equipment of a new system.
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Block diagram of automatic train operating equipment.
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Direction of synchronizing signals.
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Block diagram of speed checker.
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Block diagram of proportional controller,
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Timing chart of reverse revolution detector (ordinary).

NN\
A ALY
Ju \ A
P —d L LT L
(b)

h LIl
( )[S
[+

1

R 3.8 #HEEE afs7e-t (BB
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Normal and emergency brake sequence,
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01, 0 ICTIEH Ju—F BVERTHIEFIEEE A 5 km/h LIFicC
MERRIRER LA Su—+ ISR I v, 0355 GESHE
k) 2205 A SU-+ FBEEE Okm/h i LOIRERAHEESR
T T X e CHRRBEER S5, ChBFHEEE AL
CCH % v ic BRI e & &, 0 BEXAMRENS T Ju~+
FEM LA\, 0 EELUNOESTARBRLEROHEE (AL
MBI BRVER T4 5 € & iIC X ) Adulfe 2 HEFE AR & TS L PIg-C 30
EEr s ¢ 0km/h HEZTA 5.

4.4 RERUESE

ik P BEGIZ AR5 ORERZ P & BOWED £ I T
EaR B LT\ es, LR Iu-Fruzighesvciigihi b
VORRTRET S C & Su—+ ko SCHBER S 5, LT THER
HECH o THRFI L & 2 DI AEHER T % ik L T C OTEE OF
CCRERFE LAV L SEHRT 5,

COWINBR 25707 OB HESE e LT L, MiEgcl
Y23 BEHLTw3, EfRgaEL LC, %51 e 2P Bl

BRICTIER L HE &N, Ju-t G oo MERT 5.
RO+

5.1 HERERES

AT EIE LA FEOETHEE R R T 5 e DR T
MEED MBI, 32 b O TH b, CoOPFELCLH 0~300
km/h > FPHOERESS 2.5 km/h FZCC ot K EN D,

C OEESRE pofL BER AL, EBiELoREb D RIELHD
TeHAARITML B, = N L RETR G ARV LRSI
CHEO BEGEREAE 25 X 5 ARLENCER I Tw5, M
BREKRILT Avby, HE, hs il 210F, b EBLU - Eh
bhbdo

Ao B BB AL &R Ao FL @ 2ETERER Ao il
WEC AT bR TV B, 2TwF HlE 7 Lo b OZETHEMEHAL
MEh, 2wy OEIERZC LTS,

BT 5 B\ TD FORBE~ESORES LD B & Tl
ZbT Tt O 1Est RTRERLEDL 20T, 210F DKL %
BHCLTWw5,

5.2 JL—%BER

¢ DEEBRITEE LD Ao L BEABECELT T 72507 © Ju-
$ PR TIHDOTH 5, CHRIEED Ju—+ RICHEZTIHD
T 3ty DESHEACTHRINEBTMEIREL 2TV %o
Stwt OELHEAGE 5. 1 WRTRHE 2 M THltE S higgR o
BERAESHIC LTS, AREHROBREKNT S & A, H6

250

% 5.1 J-+REBEIERET L 2507
Sigal and step of brake controller.

Bs; B2 By
S FRAF v T T

w3 » (W) %0 0 0
1 0 0 1

2 0 1 1

3 0 1 0

4 1 1 0

5 1 1 1

3 i 0 1

7 1 0 0

5.1 HEGHEEHRERE JL-T REHOWER
Arrangement of speed setting apparatus and brake controller.
i, 2905, b BXT A Eh LIRS, Aot BER e
O FHICRIBEZ BN G Aoty BUd 3 UALE, SEAE, WH I
b-% (L, 2,3, 4,5 6 7) ifEs XUIER Ju-+ EE Jur D%

FHHE LT3,
R 5. 1 [ EEEraEss, Ju-—f eSS EREOERT
55,

6. EBEHIEMFE

A5 25 R =L % 7 1 B BhBIE O 72 30 0 B MU FR AR R b &
% bR TG ORI EIC DWW T~ 5,

6. 1 FiEEEHER ,

MR AR 6. 1 IR T, TRASE LRI v i g
HEERTH D, HHEEILELLNE b KSR EEREE
LTHECHY, FECHY 3 ZRERCABEOEHRCSZ5E
Brzsial, HOEBRL@Or+5E, EHEELIVELLNE vy
CHIEEETT 5o HFIHEE 2 HERERCRAL, HAEE
€ 24-FRw2 T 5,

6.2 FlEEHAER

FlE @R 6.1) THLLND,

28.35 (1 +7) W%’ SF—R oo 6. 1)
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R

: BRI B R O & &
: HiEE [ton]
: B [km/h]
 BEE) T (ke)
BT kel

A¥ Rigkok 6.2) t5ibhd

R= (1.2+40.022V) W+ (0.0134-0.00029D) V2 -oooovvs 6.2)
[: FIH§E [m)

CCTHROMBEREOEH Y KT L > TRAT 2 6G.3) %

H2z,

Bom oS H g

y=0.1
W=64x2==128 [ton]
1=25%2=50 [m]

dv 1 .
4V =2 SIF—  (L240.022V) —0.691 5 107572
= 251X 107 o2 (124:0,022V) 0691 1075}

SHNHEHEV & Vo+ U &35 V, OFHCHRIBELT 2 & F i
U b oo EEMEEAN 6.4 &b, UM, F) kU, Fieo
VT STs2 BMF L AT H bbb,

2.51x 10

U=z (7.07 1073 1.38 % U, x 1075)

F(s) oveieen (6. 4)

i 200 km/h (fUEOEHERER PR D &V, % 200 & LT {G A

X 6.1 Fiddiy il

Train speed control system.

Vg e JECCINAN WV A% (201 S e N 4
! | TS +1 1028 +1 |
|
R 6.2 I HE IR Jovod1rdss

Block diagram of train speed control system.

+40 -

I3 aﬂr'H i*
+201
<
T o w=1
‘\L w=(,1 w=10
<
_4gf,‘
|
N
0.01 =01 =1 =10

6.3 K-
Bode chart.

P R EE R S - A - R & T

j_ZD o
2.51%x101
U(s) :mp@ ..................... (6.5)
L 7e % - TEES) o i3 2 B o =53 EUT
2.51x10-2
Us) zmp‘(s) ....................... (6.6

Flaas e 31 587, THREE, HIROREENELED
TEDEEEEH e IS/ (Trs+1) &5, 6. 1 -T/R LIS
B (6.6) #FWCE 6. 2 tEbIh3, KIZHESERGMERC
5z 2 WH T1s 2R,

zcT L=0.2

T,=0.5

G L CROMETTR S5,

6. 2 D—IBEMET KA L 2 B,

(0.55+1)2(1025+ 1)

HREIC B C 0>01 OB EEL S LR (6.7) JiEH

LT

........................... (ﬁ 7)

1.26Ke-0-17x 104
p(p+1)*

251Ke~0-2 1072 |
(0.5¢-1)2(1025+1) "~

7271 p=05s

3 (6. 8) o5l B 126K <1071 % 1.0 & i L ¢ —~ Rz
BYEc D A BRI LK 6.3 &R 5,

6. 31C ¥ Tz OREFEOWG 2 KIEl L Liz & & 0Pii
MERY L0 CICHSHABEC T2 o ERHEK 205
LRDY B S,

6. 3icsnT 41y ¢ —~180dB {3+ % &

—18.0 ‘1327‘,9"5‘ ................................. (6. 9)
L7 =T
1 .
< R e
1.26K %10 =558 (6.10)
K=1,000 [kg/km/h] (2 FEERIEEL) -orrerrreeererennnes (6.11)

LEHBEOMEEAEE 1.2km/b/s & F 5 & RKIT buo B
4,620kg/ B HH (57T kg/il) & % Bo L7chS-> T 3 FETIH~ZFK ML
o % Vs ISR B & 4,620/1,000 & 7 D 213 4.6km/h
O BRI,

ABPCOLEOWNBBER (2kwd e ~180dBHIER Lkt
E0 Fqy 8 0dB ICH 7 BT © A5 0.125 rad/s 13 THTHA:
IR RHA LD, (RPEERDD L

73
T3x21

¢

COREIC kA IEERBERBT T A o MR, BEHHFRE L
CTRIFFICECIEE & & o7, La LRSI 52017 o &
B 2 VBEMEEROBAEL LEE(b L b T 572D,
b 1ok —3dBA2 o) Z{t L b o HnTnd,

7. R B HER

AU ZIEFI 43 4F 6 BICIA TN B eIy CEVESRE,
BB o WU BB T A b, & 0% BREASHEDISE
i s nTREchZ ) GEABRIEEIC L - TR KEEEE L o
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& BERBATTA DI, DIRHERIIC B TR R
+ Jkmfh &5 F ORI AR RER E e, % 7 T 0 BB
B DB ERBARIC I SN TR B, 505 EEEL, EE
E(ED & &C b BIERIBIERE, Rl DHEOTEE, RV cCbh
¥ IO PR IR T 5 € X AR ER T 5,

8. & 7 U

P AR O EIER SR O AFIC DWW Tl C & s,
DT & —{k & 7 b ) B IEREER IO WTR, MEOH
BEINBCERTERD > . EMBEFEREERCOATHY
A EWER L, FEF44 45 10 ABHERHB TR DR, Biflof
IEEERAE LN T W3 T &2 REHT %,

Ok 5 I RREE ORI SRR L, 4% ETETHWY

VR LN BTH B 5 FIHEATEIE S RO -2 ks TH 5 5
CEeRMEELTVS,

Bipic 2 OB OB - WA b UICEHRICH e ) MR TR
Fe 7E A~ e H AR A5 i o0 B B L IR DT & UM I BB BIFAE T ¢
DWOMRFEMICES WEEET L DOTH D,

T £ X ®

(1) THBHEBAM) (-6 %0 p. 183~192

(2) Fily, FEb, dbl o TEE6RELEIC BT B H1AZFu o2 T
EN vuitzios THRE)

(3) BEH 0 ZIEREHE, 43, No. O (1 44)

(4) JeMEs : ZZERBEBEE, 38, No. 3 (5 39)

A SN e I N P S NP S TN NN I A N N NS PN SIS
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Recent High Tension Static Inverters for Rolling Stock

ltami Works

Akira SHIRASHOJI « Mikio OTA - Susumu TAHARA

High Tension inverters for use with rolling stock have made their appearance in the place of motor generators with excellent fea-

tures in the maintenaiice, inspection and function.

For the solution of special problems concerning the apparatus, Mitsubishi has made efforts to improve the component parts such as

development of high tension thyristors in addition to the study of the circuit system, which has resulted in the completion of standard

inverters of high reliability and the delivery of the new products to various customers.

This article introduces the present state of the means of settlement as well as the problems on the inverters. Mention is also made

on the system of Mitsubishi inverters, characteristics and test results of those supplied to the Nagoya Municipal Communication Bureau

for its 600 V subway and those for 1,500 V use of the Seibu Railway.

L A # &

B, R & ORI GERD R YT B R A
e LT, EEEBRERRE LN TE R, L, B
FEREH I IEEEC B 2 7o 2 ICHEMIM SRR IS O BRST S IC TR 2 9

L, $%BERDIALEOREN DD, CNOLDREFR DL
LTHB LT E OB HIEEEL 1ui-2 TH %,

W1l IE 1vA—2 i, 1958 4EIC H1yza RIEE XN TLIE, 2o
SRR 2D L3l & LCRAMICRIBLTE R S DTH 57,
WIHEE 10i-2 & LTHTHT 2 843, BLWic BRI
EDDLTEFRLVRIOD L TEWERER RT3 b oThadh
HEbd, 2oL XEL OMBERD o, M1
TR LUECHERELT, ch b oA 2 BLSRE L, IEHI4l
SEICA DR CSEFMEEE 1 SH % SWRA LTk, #HIICE S @
MAEFIEH LD, T, HEHEHFROPEE & dic, &IFE 1
VA-2 CHT B AL - I 41022 ORIFE T ST KR O
BEEh, BCEEEZHET 2L 1of-a & Lo
SR L, HEFEE TV,

EUFHEWABEE 1vi-2 OMEN & 2 offiiic 2w T o3k %
T L, b TR e L7 41 BHZEEEMN0 © 600 V {7k
i LUTEREER O © 1,500V A% fubic, MHEE 105-2 ©
- g - BB R WS T 5.

2. BEAYA—-SDOHERL T OBRAR

—OHIEIE 1ui-2 KR, BEAAEE 1v8-2 KEWTE,
LD bRAT S -3 BIE - ANBEXRECZDCLEL .S 4
Y22 OHEFER, EITHO fuvadsy Kk 2ERE NN L £ o
BHEHERED Y, ¥BPRERCRESCEEE L LA -
HEEE - WA Lo R~ 2% OfIERD - 72,
INEOMEEC OV, THE XURECET 2 48R
&Rz - e iE R, BIEAFEBIC S Tb 2% OF)RATH
BEhTwnd,

2.1 -

WMo 4-3 & LTRE - LU 21wFodt—3 DZ0oWdH 3,

* GHFHEVERT

ZERMEIE DC 1,500V o6y, & 1-0 BIER—C EbHTHEL,
i, 20 3T WRECOIHL, 2 wFud-T BEE - LHEO
JwFA0 BECTE AT 5 b oC, REREA 3000V FETH 5K,
#-2 §iE 10~15ms 1T § 350,

THE D 45 [ LTIEEATCER B X yrotL 2
FC, 2uFul B Afuf-2 KUFICHRT 2z kb, (1ui-2 K
SEOR ORS¢ 5 C L RTHECH 5, T L-R-C o
2D ETHRD X5, BRKERRZBRBICHEAT S 0%
EF2RAZFENRTVSE, X, \EHR 1oi-2 OIRHRR &
PIERE TN T 2R AR L T D,

2.2 %4 YRyOEINES

FEIE 1uh~2 D&, 4-0 BEDOEWHEBICORR T3 5
Zo Auh-2 OEBIWE L, Yruas IGREETER): 22 2D, 4
Y28 HF% LECH 45 C L EANTIHET, MEEEUROES
BR LR D, Y1Uzs OEFBHREE LT2E¥D X 5 hHE
BBy, ThEFAT i), EFP XUBETERL roisy
2 % 10 LINCH A 5 © & TffEE & o Ko

(1) 85 Uro by ok

WRHE Y7o b BB TOEIEZT 0HIL, SIF avsut R 2. 1
DXSCHET 20N S 5, B2. lknT, ki ilE2EE
FloHaic CR fLa5 Sk 5 &, Cml @ a #BHHICHIE 25y
F DWESEL TN, FRICDERD E—0EE () PHEIN
5, Lieio>T, G REfobgcrxEash, BELCER->TD
TEIE ez AHREAIR E LTI 20K 1922 CR fo i id BEES
HPInB T ERE,

7 URRERIIRIER

R HTEIRIN
K21 EfFuro by BAE ) 8§

Series connection of thyristors with divided
commutation reactor.
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B22 so-Fyrobuic X 2 BEIESE

Series connection of thyristors with anode reactor.

Klo

Jp {mA)

L {mH)

2.3 2«12 edpoBiR
Calculated Jp value as a function of filter constants.

(2) dijde BT EEREE

Y22 BEM L & &0 dijdt RT3 7-F Y7ot & &
5ATBHHET, ez EH2. 2T CR 1R SIRL
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222 #FIAT 2 HEZHA L TR 0BIER > T3,

(3) Booxnlbinnidblwn f—rALR

EHEMEEGH TR 5 eHicid, LEEo k5 hBEFERLED &
H3seedic, BETCELS F—t L2 B EB Y DELDE
Borl, POALp AW AdDrEhlEAbh v, TOXYD,
Fetbsoz DBEEFHE—K - ZREOFEFOREDEFT B L LD
€, HITRER% — BRI Lo ABERE 22 X 5 ICELAS
LLERDH D, b, -t BB 2fwFudats DR D&
BT ENRHEELN,

2.3 BEEE

Roadso OHERIC X 0 EFTRICANMERPH I & KD
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2.4 WAE T~ T MEE O E R OR
Measured value of noise voltage on cable.

B, T OBEHHNEONATC X o THBERLSTNDI D, Fk
BHGFR ST B 0 WD B ThB BT 52y, HE-TRRHE
M d okl 2 R (DCPT) &3, BN —GERL
Tl dnhE T aernic ¥— e 42 LT 1u/i-2 ® 1L &
¥, FHURERENENRD &y DR —E 0 y-ru2 TS
45, WERLIEER R LTS ot 2a-t e L,
JI rsuz DR L CRIBZERC X A EF AR ik L Tw3 B
Sy ORFIA E D X 5 I T HIEH ICPHILE) X4 5 T & AVl
TH5

2.4 HamE

{uh-2 DANEROEFTBE XD CONTHE, W@EF LCESH
RICDONWTZ DR * BRtT 2 wERD 2,

(1) @& {3

— I BTN B o CHES RPIMERE S 2 L, ZJRFILT
SR L i SMIHEER Jr % b » CRERCER 25Tl 2

Jp= ,\/ > (Snin)?

Jr DR E X (ui-2 OBE - Bikgk - ARER - HEfAc X
> TKIBICEILT 228, HARE 1vi-2 B0H2) ks L, C
Sanz & Jp OBRKEOHEEREIR2. 3KFT LS CRD, T
Wb, 72k 2iEDCE00V 8kVA fuA-2 KHNT, C=400 uF,
L=20mH » 353 & Jp=2xILmA & k5, Bk L=30A BE
TH DT, Jp FHEFBETOmMA Lxh, EbDThhN,

(2) & %

i & X e ElE g (50, 60, 83.3, 100, 120Hz % ¥), AF
T, 7 OMIETHRTREE R ¥ ~DOBER 1uA-2 ANERH
EREEEREEL > T hThTdHs 52, L-RCoqzic
FoT MG LITIHES S C ENTRETH 5, BETEMLEL
FESR, HRREIIWELR S L, TATERTH >,

%7, DC1500V 10kVA fuA-2 % 3 BRIFFICER LA L ¥ 1C
B r-Ju ICH bbb NS EEY HFE L kiR © 2. 4 1ORT
LB hT, HBEERSmVEBELEPBT IO, &
BEFTIRRTS T 600~700 mV IR OMEEIEN H B, LFEHO
W S (uf-a DIE S BERTERER LD B2 D,

2.5 HHIEW

{uh-5 ORI EAETE S e < ) BRKTHY, cOX
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#2.1 Bk B OT v I AT 5
Fluorescent lamp characteristics and applied
voltage wave forms.
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0.415 0.6
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(a) IEHe (B THEITX ¢ £2. 1 O IR RA L, <
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%5,

(b) FEFEDIL 230 2313 b L e D ICKE BB O RIFER L L <
507 FFm O F 2 5L

(¢) —RINLETEERCTIIRIE LHA 180°C led #3235 24,
-2 BIEAE - OTIHE SR D 5
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TH 35,
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R31 BHE10A -2 £ H Lk

Standard specification of Mitsubishi high tension inverters.
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o o® E
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Ll 54 JI O

A R IE 8 IERKSE (WIBU-T 2 (FE) # 10 50LLA)
i Hl i) =Y B

b} i} i iy

—10°~+-40°C

F32 $Y1924 414 F 1Lk

Specification of thyristor and diode.
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M3.2 @FIky-roy 2

Sequence chart of starting and stopping.
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Ik 0% K F 5 e OIREEHERT-HLIET, % & 213 4 HEF]
OBEE 1,300V B, XL 3EESICT 38551 1,800 V #E
DETEHARELL RV,

B 2t wFud F Y1022 OB, 0 a-uio Bl EL TS
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[ 3.3 CR100CX-36 ¢ #1124
Type CR 100 CX~36 thyristor.
T BEAAT LoMES % P L, ZOMERZ % L3800V Ll 1
CEDTed DT, 7 o532 OFEE 21 wF05 JH F1yzz & LTREHR
CTREE RS RRHER D oTwvwb, K32 KETD HEEE,
3. 3IHBBEHE R T,

DIFEFOMBIC XD, FERE 11922 2% 7—6 5 HEFIEEE
THHL T3t L, ¥ 919aa T 3ETICHS &R,
[EliRg i B X L7 i T2 1,800 V D 414~ SR 70 B-36 9% & JEHIF 5
Ty, 2T 36 Kb ez TR, Th
I L 72 it s ¢ &, [ABE o iR L & BN (B0 o F L
{5 E AL R oo EDOENT D H1yr2 B dijdt, 5-
A281s, PREEH U7 ROV T ChABMR E LT
D, T K - ORI, B o/ ME A &bt
Nio

3.3 # &
(1) fiHE, BiCA
MiHEEOB &L T2 2 &b ig, BiCA B KowT ik
oy &, LS D ICER UFo L, PSuR, duFul A E O &
EAL) Y #3010 24, E211E m CT3E5 LTS, ik
SEERRGE U, Moot EEED 2 WIZENR Y £ 0Ba
M hA- & Lﬂkéﬁ!&bﬂ-%_t TCwz, Fik, fHx OREER
A DOWTEECA - Pk B LR E LTk Y, NEHBHIZ
TUa-L EL, Doz BIEGA S, £ OMTHEE X U %
) EERCELR YD LT s,
(2)  #—t GlEE¥D 12,1 1L
BB ST C—FIC E L TSI 10 LU Tl D, {15y
CEBRRERTH B
(3) r‘?}ﬂ,:zw:?:é
fof-2 OIS X O RIS B AR I - iEiasc &
B fui-2 BB &, 2308 CHROCIHTE L L5 LA
wi,
(4) H1v28 OEE
Y22 IKHIRRIZOR 503 23U CH Y, BT TELET 2 &
NI TE R L5 1Ch T 0D,

o

gy

4, WEEHEMS DA o 3—% (A DC1500V)

PHRTIE R AL BR > E 851 SR ZUsBY B IS e AT & L'Cif%‘]ﬂf
Toi~-3 ZIA LA TD (ui-2 1% 1,500V [, e s
kVA-C, 3. 1 OFEHEC I 23 0CH D, HEsENE o

CHT 20ICH L2 DL LT3, B4, 1 i hi- #HD
(if L7 ¥1Y282800 53 %77,
DEL, ZOHEEDOBBIERCOWTHENE,

L.

RIE O HEITE (uA-2 « BIEET - K1 - L5

4.1 ﬁ‘m“ﬁ% a’]b SIV~4A1H’ %EE {un-2
Type SIV-4 A1 high tension inverter for Seibu Railway.

120 |-
z s ANBE(DC 1,650V)
=~ {DC1,500V)
oo — (DC90OV)
_E EEK%&?&*E@
80 | 1 . ; !
0 20 40 60 80 100
Xl)u@ﬁ%glﬁzr— (%)
B 4.2 ZEH oA
AC output voltage regulation curves.
80
~ A BHIE (DCIOV)
—-—=——{DC1,500V)
e
0k (DCI,650V)
o 601
R
50 |
; . ‘ ; .
400 20 49 60 80 100

R4.3 % % ¥

Efficiency curves.

(d) ‘TKEfint (b) EHEAR
B 4.4 =iiidise (A7) DC 1,500 V)
Waveforms of AC output voltage
(input voltage : DC 1,500 V),

4.1 EFEHH

(1) zEFiidogeq:

4. 2 1CRT X 5 W ANRIEOER I LT A 7 3 FERLEE) IC
MUThH, INVBETFRERO 100V IC LT+ 5%%#s 50 &4
T\,

(2) g

H 4. 3WCANEIEL LR E e & T O AW 2 955 &
AN IS ‘

4.2 HHRER

4. 4 W ATIFEIE 1,500 V B DA R 3 & OB o 255
IMHBERWZTRT. b\ GB) Bk ANEE 900~1,650 V o
BIEAT), ¥ X CRER ~EHKER O BRZER) st Lt 10 % LN
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AN\
\\.M ;

1,‘500\a‘ AR A 3 2 T B (Coo) BIE
AR T

j 1 100V, Bl HEE
2°| . EREATH

i ey

(ﬁ

(a)F2 T8 (1,500V —680V)
B 4.5 ANEMEALHE

[ I B

nunnnn

1 i
(b/ Fg*% 680V —1,500V)

Test for sudden change of supply voltage.

i

B 4.7 At
THb
4.3 ANBEERERE

YR OB IE LB 900~ 1,650 V ©dh % 28, 680~1,500V
ICANEILR AEI G EO{HHWOWEE B4 SICRT . A

BIFAE R LT F-r IBOFAL Y i, 48003 L BWETEY 150
ms HICER KBS 2 %

4.4 HEFHEERR

B 4. 6 3 A SR ERAERAEEZ R LTI~ AL DIERH
fEe b U IR, FOEBELAEIN S N K2 RS, Wik d
IR PR et LT b Wil ESRE ERRD b

4.5 ARFEEHE

e X UTE R U % BRI 150 26 B & Je gt o o

kT
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VAVIVAVAVADQVAAN aU RS o R o e e

VATIVAVAVEY aVAY: V“J'\/\-"\/;\/T-A/

g Ry alll

LW MW IR ol
4.6 [FRiEE B

1
|
i
x

{

Test

e
e,

AR A AR R

i i

for sudden load change.
B En&ROEEEY @4 7 ORT, CORWALCH LT, &

150 ms HICERKIBICE BiEE, ZOMOBIEREELTEY,

e B BIAEENC K LT b [l & .

4.6 zofh

H T OBP SRS O B R HEOFE R, FO yunsua 1100
LINCRIFCH Y, EERATHERIC DT b 2002 ﬁu’éﬂ*ﬁ% 50 ps &

‘J, Eoy 1’0) 27806 30 ps (CH L TR REEDH 5o £ DAL~
B - B B - U R R LA B - Fi[ﬂ(ﬂu& bl
W I RAE b .

BR& T - 7 hs,
5. ZHEBHXBERMHDA »-—5(AF DC600V)
HE BTSSR ICHA L7 BEE 1o/i-2 (&, T8 3BT
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H51 tovyso ToEREEIL
Circuit connection avoiding power supply
interruption at third rail gaps.

251 ZEENLXERMD1vA-2 1

Specification of high tension inverter for Nagoya Subways.

® & SIV-8B 1
ADNRIE (&) DC 600V
AR BHEI DC400V~DC750V
# I ACI00V  63kVA

DC1i00V 1.4 kW
DC 24V 0.4 kW

A E 20025 14y
EEREY CR~100 BX-20

100A 1,000V, Z—vid 7 %4 24 30us
KA K~ F SR~30 B~24
35A 1,200V
WoR-281 PAA2G

(a) H1Uz22 fi

(b) 2112

B 5.2 AFEEMGEREHY SIV-8B11E BE 1u/i-4
Type SIV-8B 1 high tension inverter for Nagoya Subways,
ELTEDAEERDCORERTH D, 3 BECh~<ZWH LT
DEOLIAREEH LT,

(1) 4EEEAL

1UA-2 XEHMFEE L RLD, ANEARL AL EHBIY EHK
THET DR AT 223, E3WMEHTHTHIEMA Y KL D ¢
Jvay BB D5, ETRCTABICEET 3 LiCh ), BEK
W5 -tz HFE LR AV, ThEREELT 2 Hko—Dok L
T DC-DC 7u/-2 1Kk b DC 1,500V %\ o 72 A B FER #0254
LC Aw5) 2BBREL, ChEEELTIEE f0i-2ick b

DC-AC T 2 52 FBE M ELLNLIW, L L 2R-2 Lk
DYifE b, EbICHEICITALS M5 1 DX 5 AHRER
M L%o

COHRBANERRBEOEMENDL & D, F14-F ZFTT]
FETCEICED, tousy WY ANEFEILANL ST S
BDTH 5, BEMLA d14-F RIEHEAEDRA & bFET
b 40 BEEA2 S0 50T, BMERTEEMATL LB,
A2z I X T 4-2 MilE - 7,

(2) wrBREOLERL

PEHEOHMI A 1 HGOEDTEENIE I N T, 4H
13 TOAFICH L L ED fui-a TRET 573 Lic, Thic
X0 HEBEOEEMSEA L, 1ui-z {bC X BFIHCA THE
b - @S i, 7%, ORRER 10i-2 & LCHEIA
BOERIEL, BICHRELEFLEHE > T fof-2 {kick D
FYE 282 BREICHD L, MEROBDFEER L AED 2:-2 WIC
fuf-2 BT RS & o Fco BEROMEICH T b EBFEERA
660kg 3L THo7edb D% —2IC 800kg L HIMDEES T LAt
AEEE I ols C O 1uf-2 OHtE X UEMG L 3 o
e BERA—TH 5, HEMAEES 10eE ) TDL,

LA LT e Q ST 5 B0 5 AL ARG E B L
Y1922 § (R 5. 2-a) &, X ERERE S LEDO ARV UTTHL,
SuFot SR L oava f (@ 5. 2-b) dieyd b eick?,
FhENCES S A RS LT 5,

6. & 3 v

HIHEE 1 0f-2 1, BUECbh e s 3Bk X U2 <
ZOMAE - BEHASRY b, ¥R CAFRIC 2T
O ETHEER A T B b RER, AR IRAR XS
2D WA BT D B 2%, il - JE - HBEE R & oMU
PEBEE & LCAMICE LR LT D e fEEh b,

KBEROEE 1oi-a & LTR, HAEAEME EF 81 TR AR
HICT X h 5 FEOELKIEHEEM 320 kVA HAH BB 1u/i-2
FREL T3, S%E&HHECE »TERO GE gD b D
BWIRICDH D, ZoOWEE e LCRDEANOAAR 1ui-2 PLEE
BDD, ki, TERREBIED S5z bR E5 o0 ICZEEE
¥ TIEEIEH OKREE 10i-2 2 $1Y25€-2 ~EFEET B C
LATFHEND, CHbICDWTIE, SHIMNABERENER, £
LT B Il foi-2 BAREREDERE G LB 2 D, BRTHE
RERGRER ORIIMC X b, g - ik - B EORTAR L 2D
CERBT bhA V., ThEWRICIHET 2 »H45BOBETE S

5,

% £ X #

(1) =rE> : ZZEREEE 41, 331 (542)
(2) /MEED « ZZEREBEER 40, 346 (B4D)
(3) R¥Fp  SEEEM 39, 824 (FE40)
(4) JtREs - EEAEEE 10i-2 EXIEEL, 799 (H42)

BEDOEMARE 1vA-2 - BEHR - KH - AE
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UDC 621. 314, 63 : 546, 28

EHTEFTRBART Y 2/ E RS

N g B OEEC-AS L T

Oil Cooled Silicon Rectifiers for Railway Substations
Itami works Gai KOBAYASH]I - Yasuhiro UEOKA « Tsutomu FUYUHIRO

Silicon rectifiers for use in railway substations have made a great stride since the introduction of the first rectiformer in the world
by Mitsubishi, having set up a steady foothold in the railway engineering.

Later developments have added such a new model as oil cooled sealed ones and natural cooled one provided with new coolant SK-2.
These new apparatus permit installation outdoor, having maintenance free operation and contributing a great deal to the modernization of
the railway substations.

This article describes briefly the oil cooled silicon rectifiers built by Mitsubishi in reference to their characteristics and the construc-

tional features.

. £ A #»° & 100
Yoy BRI ESEEIABEMER & LcoluziEirl Ttwn wl
58, HiffolEE T oREOBRICE W CARRETOEME A
RHCHTRHIB R X b /NBAL, (EiEd:, B, BAREA SEkA 8o
LR EBRERC W e ZBHAO AN BIC K S CEMLTE 2 & ok
Vi b,
Wbk, FEF 40 EICRFIOBEHEBI L7042 BMALT or
LUK, HASSHRIC D\ CRBADEER b » T A0 FIRICHE « sl
LC&7%, COBRICHEAT, B0 HEHO Y L ICER T
BHEEY DYoo EHE, B b 7o ICBIR & hc TR i SK-2 or
21l W KK il
List of manufactures. ol
B & o 341,536 kW (142 &)
P 137,500 kW ( 53 &) 0
B oM BH & R 57,200kW ( 27 &) . . . . ) . ; ; .
B ® WA & % 121,000 KW ( 28 &) 1961 1952 1963 1984 1965 1966 1967 1968 1969 1970%
% o 1l 3400kW ( 28&) ® 1.2 ##Hytic k 2 MESER I (AU

Comparison of manufacturing experience on
various type of cooling.

% v il E el oy oo BEER A &R REOIS RIS EIC IR L
BEEE AT 2 I\ e o oo

AICTHR,  C O AT RS R O MR FA L C AR TR RHE
ANBBREMOTBELC L EEL D,

2. B R K F

2.1 ¥ERBFREBOEA

oY 3w BMARS B EINCEA S T Tic 10 4% #alL,
PICRR U b WA BT 0 EE, #Haik SKilh » TRift: ¥id
HAXOBA ] ¥ OB TR EARBERR LI KE
eo Linl, CORBBOBRERICENTIHEE KT OHERAE L
BLVWAEREMERTOEA, FERHTOEMERTOHL
BHTFIEHER L Lcome R o) oy BB OFE L BRI K ¥ <
L TwaHEL2OMRTCLRTER N,

£2. LRI BHEFHRE, chbo BREORIEMEICD

Bl m@Eoyao i ]
Oil-immersed typelsilicon rectifier. DRI o TwB, Yhick T 3/ TORE, AbLFICEORKEC
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oy

5

A

oy

2.1 % F B K

Series and parallel number of diodes.

B
i3] 71\‘\%

SRzooFismooH[SRsooA]SRaooc[Fmooc FD 1000 A

6Sx8P | 6SXTP | 5SxSP | 3SXSP
X 6A X6A X 6A

2,000 kW XA
288 252 150 90
6Sx12P |6SXTO0P | 5SX7P |3SX7P |3Sx4P
3,000 kW X6A X6A X6A X 6A X6A
432 360 210 126 72
6SX14P | 5SX10P |3SX10P |3SX6P |3Sx4P
4,000 kW X6A X6A XA X6A X6A
504 300 180 108 72
3Sx8P 3SxéP
6,000 kW XA X6A
144 108
¥ HWHRIE 1,500V, sefs DEgSH=ET Y » ¥

1
2. VTR OMBIE R 4otk k LRI (IO R R S is,

DHECHFERIT SRS DTHEC L3, TOREROL B
hTH o, CHAEREIKEREDERORD & 1 F - CHH iR
MOBRIARE LV HERDOL L, R E BB OERICER
LTwdbTd s, BHEEIMETRO BT T T 55
KRTTRRELENTALV S DTH B, ThEIRRAL Lk
G H D FICTHRT,

Ne=(Eqo/Ep) + 8

N BT OEFIMEE

Ey o 4% 74 1 2 RHELE

@ BEHERTIC Db B B IE O TR F AR

E, - HBET- OB VIRL t-0 WET

B RS (RIZIR

COFMEHAV LT Y K THICEHETEIZIE, 1Mo
RBEERENDL DI THZ, LiehsT, BERALRTHEHE
IS OFFIE By ORI LCRAShB3TH S 5,

Thbb, KWL GOHICHD, EINE2KTICEE
T 6,000 V RO b D & 2 523, i 100 9% & 7 o THBHED
BOIREALELE 25 THA S,

HH TR RBEERFET L LT, 2208 7 SR 400 5y—7 & F9E
FD 1000 »y—% BV b T B, $SHRT i oR k21T
TS, TONBMESC YT RE SRR LA, Zod0
ERTHOR, 220F B, FRHRFICEF-CHEAIR T 2 [TH
HETH 5, CHREHANICET 28 Y100 DR L, Hick
FE LT (B R RER T % 2w ic (ki B CRBEIX Y votung
- ETRACLR TR RCR) 25T HSCHb Y, X bIcHEi
HEORM, 7 bW EHEEROTRBINR K% D LTEb
b OREBERETH D, B 1o 1ICxT 5 S BB IR LLT
w3,

WRETOEICER, Db TED v ERHHHRE, +CicE
EHC LR T 2 EEHARICKH LTHOWMEL 5 2 RiBicEL T
oo, 7l zid, 6,000 kW BT CHFAIA TV S
RTFERDT 218 HTH T, FEERICH T 3 3,000 kW FEam
YRR O 400 % ¢ & A BT L T2 & T 0EEoRTF L
ER3 b s,

2.2 KRBBRETF

YW THRERM: vy-2 & LTRELIRT W 32 KEES
EFRFICIE, SR4005y-% & FD 1000 uy—F %53, Chbo
BRETIE 4000 V I v 2 8TEERE 052 BREFEIR T3,
2. 1EACEHBAL 2 X S WBBEENIHE LA T30,

ERRZETEIT M AT o) 00 MBHaR - /MK - LR - KB

S,
X 2.1 SR 400C zyq-, #55 & 2.2 FD 1000 3,y3:, 55
Silicon rectifier cell Silicon rectifier cell

(type SR 400C). (type FD 1000).

% 2.2 SR400C & F & ¥ &
Ratings of SR 400 C.

i B |m B |m g | SRAOC o
T APYBEE|VRRM| V 2,000 2,500 3,000
B ATHRIEE | VRSM A% 2,300 2,800 3,300
FoyOEOE B [Irav)| A 400 (gﬁﬁ'ﬁt—kﬁgﬁ%é&m)

W SRR B | 12T A% 2.7%x10% (60 Hz 2B 144 2 1)

B A TEEE ] Ti °C ~40~150
# fF @ I¥| Tstg °C —40~150

U I f Hz 1,000

L S kg-cm 550

i b3 g 850

% 2.3 FD 1000 A Tk
Ratings of FD 1000 A.

" Bolmosim o) TO00A o g
X A WM IE | VRRYM |V 2,000 2,500 2,800 3,000
MW ATYTEE | VRSM | V) 2,300 2,800 3,050 3,300
Fow B |Iran| A 800 (i 120 W, 7~ %)
¥ o~ Ui P Izsm | A | 14,000 (@%mﬁgﬁﬁig,‘)%{“

WAZFEMAB| IPT | A%
BEESWHEE] Ti °C
® AF @ JE| Tstg | °C
[CE IS f Hz 1,000
E # P kg 1,500
T it g 300

T? 553000V icwnic 3 $HERE 052 DHETFTTH 5,

SR 400 39y~F 1Z 229 F B TH o T, ELBIRIC BT SR 400
CL) ®ABHY, thiF 1200V 3CORMEBEEERLED D, #HE
& SR300A y)-F LoFEWEEZAF L, WHkcsd s{R
FORELEE LT D,

BAic, SR200P vy-Z 2EEXRTEY, ThiZ SR200F,
Hoy-Z ot 2 Aifadk% 3 b, BEERBERcH 3 2 FimoMEz
EELTVL,

(1) SR4003y—3

B 2. 1k SR400 C D4EERL, R2. 2 IC X OEEEHER
To 28w F BTH 2, WREEBERF b h T CEER
Eve LoFoa—2, B LUBMERREREC I C 0FETH 3 [HE
FlicHifAEh T3, Meiid SR300 y-% F T y—Fhv-F T
b5

51%105 (60 Hz 1 %4 7 A)

- 40~150

—40~150

(HESE(I 1,200)
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E 2.3 FDS 1000 vy0y B 2502
Silicon rectifier stack (type FDS 1000).

(2) FD 1000 uy—%

2. 2% FD 1000 A WAERTFBRTFOMEE T, Thi
BELREC - THEHIN T ERAKDBIHARHETFTH 5.

£ O HAFREZ 1,000 A B R A-2 & LTHRO DI TS 3,
BHAR e LTORTMHBLEEL T00A e LTw5. Th
FEHSERERIC S THREINBHTDH 5,

SERETFE, ML D HE Sows & & b 1,500ke DEEIITHE
BENTRLAETL LCOBARRIET 5, BRI &
L CHagE A AR BRTFRERT 2290 XE 2. 31CFT. ChiE
H O TINBO h DEHERED IEH & & 3 ) 7o TH TR O
AT bR b, 6 EFH azwo HEEHEL o TV D, LD 6K
T 2800 ESHESHEESCE D 2 145 27-4 2T 2 8%E
TH B, FHEFORMC & Y BTEREHREABECH L, &
NRFETFOTE? b HEDTT b 3 RAHHOEAIC, BHF
Wi s 2 IENERERIGCHEI LS 200 TH D,

@ FD 1000 A B FEBET, ZTOROER: LTlAZIRT
7z FD 500 C BFERRF ou-X & & dIC, T X 0OIHFHILEE
B 20 3,000 R i T B 43, SR 4005y & & b ICIEHETF
MBSO A AFEEIE T o T d,

3. HANEF

3.1 FEHSROFE T 0k

Lrtc s TR T CCHA LA L 5, 3o vy ou B
R EHLEFAEHE oA & LTEBL T 5,

o@D, TR LTEHORAATADR TV 523,
b & OEE I - Thb A R E L BB o4
KB ICD W TR T hie v, BEH vy BHERIC I W CEm L
BSR I S % —W O T2 BN WX e wTH B 5, TOHE
BOBBCEATE Y DY o iciFimEERZENT RO L
BEILND,

(1) ZEHMEEOMD & IE S THREIE LI X 2 ERE 0K
*

(2) HHFHEEPOL LBEROMRSF, & IR 518
O E, B X UTFREBOHE EOMHRL

(3) HEefiEckd 3 B0 %en 5%

(4) BENFMBCHTIMNA HFhEDBAMEFLILICE - T
4 Ul Bl EEBER I 35V 5 AR A R o b LROET

(5) BEREWK L oMty 5 &REM Ak

LEMEAORCEEOENNTAbN AR TH 52, LDBE
Bl CARENZERE BETHRT 2 Mt % 5o A EENEA X
NTV3 72 2355, ThIIEEOHMAHR BN AZEER O
BER% o A ICHE K U e IR AR ©, B BEORHE
LFETARBEOERYEATVE, ThDD, RHROETIC
&b RV RMCONEORTERBCHAT I LERELSE, Th

262

R TR LB & FET 3180, MR s TRRIMICE
X3 PURISR O [EIRLER LICkt LTSIy ERBE T DRk
ﬁﬂ%%WﬁL&H%E&b&wﬁﬁ,Bl@ﬂ%ﬁﬁ%ﬁmmﬁ
WCHEH ESEEE EhCw B SLRIEBEO W, XOSROH
Lo i HEs o L ois ek e LToBERET LTy
%,

¥7, *OEMEBCEATHHRLTIE SRR >TREV.
DIt B BME—DF] A e LTHT b T\ SEaif iRk
T B EHE AR BN TT T 1i- EhTVD L TDHTH D
Fte, COMETERRICE TR Jows 22RO auT
CZEL, CRAERMT 2 RS avo MK OB T & BEEORH
Mz EOMERE AL TVE Lo T nTH D 5, BilEZEE
821CEEE LT BI04 R % 0l vy oo SeTiER L I B
FHRDEL bIAR, ChikEoRENH BT LIFIR
S KRR ENLE_EIDEELLND, chbDmeEELTD
NP NAEAEROEE . LTHIFbh 5 b ORKO SICEINE
s,

LoFo4—7 % OEFUSETcie 5 AERE R LTV 525, XD
BICEEENAD LW BTERICH LT & bRIEARmEHEC T
ﬁ&%kf&twoC%ﬁ%&%%ﬁbk%ﬁ%ﬁkbf%%¢m
<H Y, pOENERORANICT LAENATREL L 5TV 5.
% IR AHI L B LA 0 25 B0 LEEIERR 5 <
Wik E BREERANEING C &, ¥ MERIC X - CTET BT
B LZEESS, SEHEE R 3 B IBEO HERHEOBBERE B T
ZLCHEEw5C 2L TE Y, HEABICHR L7 Hilha 4
B o MIECRE L A SBEL AV C 2 BFIohTE Y, FH
REEREEL . LTI ATV 3b Y TH B, LK -T, B
BiotFHZEERE b H b TRE XN B HROMH T EEIICE VT
B, 20T CHIERSHb AP DD LELDN TV, ¥
IS ORARERPHRUNLE > T v, ThizEHH TR
TR OEREA I - B L ELLN D LL, D
PR IC B T RERIE - AERBTOHA, LOEPURICE
D bW TRED D 1wt RREHEEL o TV 5o

IR T IR e IC S L A A B S TS & A AYIC
RBABD0LELOND. TNEARRTHHET OEA M
CEDTBES - e HETH B, ThbDL, FD1000 A 552 DK
KEFTRYROCATENB R, £ oNBlERd & TR
NBESCEDLHT aufot, HOEEBEECLDLE->TV S,
CHAEHR L L Qb3 BRRESKC BN TRIEh TR D
IS, ETOSRINEBEREEEND L WIHETH L, Th
bbb, i aus ke OWER, BEBO Jevud BT LAoT
B0, BPEECHTEEADNBLBEE s Avoh T
v, CHREBICH: 2 EEEEOTERD 5 2 CHwTEDDTE
AR LHD EELLND, LEMioT, LK nF MM
e ENDHAK, KHIALER & IR X h b iR B
T, 4H%O—2o0EREATIDLELLNT VD,

W E SRS, SR ARESRE 1l LERE
SEEOMES BT A0 L LTHRKENT WD, Thbb,
C DHFLANC B TENMCES b T & 25D b —Rghm%
FLAEMEEREnTlX, 20RFYROA»LEELT LD
2R-2, b FCREFEEOHBEC W THRL S 2 b DT AE» 2
o MR B L, MRS G SK-2 0B AIC & b AR
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Y

ELToEHR L bDTh B, coFReBEATR, BHET
B LoF04-2 & 85 X5 @ BERIC N » bEE I D © Tl
WEF, 2bLFCEBERERE T TRPed Y, ETFHRH
WEE, TORMRMER OB, b CICEEYE, BT o
B ENTwD, F7, BB fa-ton BEH IR THR L
LeBiEghTwac tidsAalcildd s, 2osHH Rz
HEEEETH 2, LA oT, TOHARIEFEMATESEINELD
DO EFARERENZEE, H2VERESR» LETRLON
ERLEIC A BGRCEAT L KA TH S, SK-2 FAMT
Ho T, TRLER L OHFEIC I THECERS TR O

BEE B LN TV AR LT bR Al x5 5 3
DTH 5D,

¥, BT T DR 600 Vosz HE kW OBESZEEITHKC o
276 & LTOEMLE Hbed b vk Auvr-0 T8 BT 52K
LTEY, TTEEEOMAERZFL T3, TOHRIKDNT
BF oA LTI A IR TEDTC CCREKT 3

3.2 LrFT4—=

LoFDx—2 BTG oy a0 TEVRE & 3LTER FHZEIERS % 3L X-2
e KICH B 7o T, BEHRR A AR 2SR R TR EE LT
FEDFEAEE BIERROE A DTIC & Y D bR IBEFC X D —§E
LTS 2855 CH D, 53 HOHERPURT & 5 A S BE
1ﬁméﬁkm®~%ﬂ%MmLfm5%®f%5 BB D L
2F24~2 DR ZEFRR B & BOER 2 b E NMIEH L 5 O B
OFHECHIL T HN DS, BB CHEEh, —kol s LT
AEE N TEOFIHEI A LT X TORNBIE & & b AT
WEEINZOPEETH D, COLRBAWRIE LoFoa-2 1%, TTIC
BT 4500 kW H 2 Wik T0kV FEOERKEC/AEHE N, &
BAEBTORE A EDOREE M LT3, H&HE $a-Lon W
i 7oz ML UIBOMSEER, 72 Tl hag R oE 5]
FERBC IS L e SR T LAl & 2 b, TERRE - BRRMIAS 1T sl & 5y
BEhTw3, T $a-ton O—{lFD trvay KHILRIZEHE,
HERr, T oEANBREEE AN E N T3, B ETEes
B LW h, 4 Cic SERDER I VT 1 B3Rk
LM OEIEERE BT o TH Y, APPRINEEEI ik
WTh, ZORELTHTRHOS 2, BRI T 2ERTH D,

B 3.1 1500V 4500kW LoFoa—2
1,500 V 4,500 kW Rectiformer.
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Dimensions and weight of Rectiformer.
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B 3.4 1,500V 6,000kW i »)o. Bigihsy
1,500 V 6,000 kW oil immersed silicon rectifier assembly.
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Radiator unit of oil immersed silicon rectifier.
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Dimensions and weight of oil immersed type silicon rectifier.

. < B mm N
# m ! B E R
A B C
&k 2,450 3,210 4,200
6,000 kW
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Kk 2,450 3,150 3,500
4,000 kW
WA B 2,800 2,000 2,200 4,000
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3.7 1,500V 3,000 kW @B & oy a0 Bies
1,500 V 3,000 kW natural oil cooled type silicon rectifier.
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Dimensions and weight of natural oil cooled type
silicon rectifier.

A = 23 mm 1
## fit =i k
Sy B S HOAE kg
2,000 kW 2,000 2,200 2,650 4,100
3,000 kW 2,000 2,600 3,100 4,500
| 4006w 2,400 3,250 3,750 7,900

% 1,500V, D, Z=H7 1 » Sty

EHEHEITHMS R oo BEE - - L - &5

100

[

T

10—
X {KC—1000)

1

1 1 1 ! !
—-20 0 20 40 60

R 3.9 sk il o kb B A

Viscosity of insulation oil.
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Layout example of Rectiformer.

® 4.2 Lo3o4—2BBEZEE 20 kV/DC 1,500 V 3,000 kW
Rectiformer mobile subtation 20 kV/DC 1,500 V 3,000 kW
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Oil cooled type stack.
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Experience with Overseas Railway Substation Equipment Gained by Mitsubishi

Itami Works

Toshio SUZUKI

Taking the lead in the circles, Mitsubishi has manufactured a large number of silicon rectifiers for use in reilway substations.

For the past three years, the Company has extended its activities in this field to foreign markets overseas such as in Australia, South

Africa and Spain. Rectifiers for the above countries include a record of single unit capacity or new technique never set-up within this

country. Those noteworthy are : a 5,000 kW unit for NSWR, Australia, substation equipment of 3,000V DC for SAR, South Africa, 12

phase rectification and the techniques on short-circuit and overvoltage protection with it, an oilcooled cutdoor rectifier for SAR containing

two 3,000 kW units and rectifier isolating facilities,

This article deals with the Company’s experience in silicon rectifiers delivered overseas for use in railway substations, introducing the

outlines of the equipment with its technical {eatures.
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Manufacturing experience of silicon rectifier for
overseas railway substation.
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X 3.4 5000kW 1,500V 3,334 A s s Py B2 Py e aC
yyoy HifEE (NSWR)

5,000 kW 1,500 V 3334A forced air cooled indoor type

silicon rectifier with control equipment on the side of the

cubicle (NSWR).

X 3.5 NSWR pif 2,500kW 1,500V 1,667 A E#L
LIFIH—2

2,500 kW 1,500 V 1,667 A outdoor rectiformer for NSWR.
ORFFZLTIHEEER & Lk, 27, BRI TR
BHEZEE 12 HBCOWCHEL, FECHATREEL D DY T

Bt U7cid i, 5,000 kW 120 b (& 6 HIHEHEAS, ¥ 72 2500 kW 1z
w M CD T 12 HREF DR B T v e,

BIEREE 33V TH 34, BRBAT O, 3 CicE
TRICH 5 AR 5 %, W7 RA I MR EENTED, HEbeZ
TR O LEPERBUROMEE 2> TE T3, COEY, HPX
D SR 12 ST I D W ORI b Tk, [EE & B EE
SRR AB XA CHHEL, 30° fHEIEE b o 2 EIE R T
FM-CTEIESL L 7eAt, T OFROPEICIEE » CHEHFHEETIRER
Ik 3 12 REEE R & B o BT R TR o 7ce Thb B, 3
PRI & B 12 4B H Al i v Tl

(1) M yzobL

EERERO G L B - CEHEACRBIEE L, EFESL
TR OIBIRTETEPS AR EIIC < < THHIIC K E < Y, 64A%
BN ARE] Uro b RS E % o TRRFTH B 13D, LK

270

§/s (+) 53
(—) 51

e [T
. ,1\ , £ 9%};1 |
: B B Pl S
i 2 200Hz : :
4 Pl B |
R |
[~ H

| S |
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Harmonic filter for 6-phase operation.

i ; ! ! 1 :

B 3.8 1240 M 2 ¥ 2%

Harmonic filter for 12-phase operation.
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Oscillogram of short-circuit test on 2,500 kW Rectiformer.

% 3.1 NSWR ic 1) 5 2 EAM{REGIT)
Protection of NSWR rectifier substation.
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Sketch map of the SAR system.
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4.3 SAR % % B & #
Exterior view of SAR 4,500 kW substation.

- .

4.4 HSCB g8 a1 3 XU Auzy LW DC 110V

AT
Constant 110V DC power supply unit for HSCB holding
coil and battery charging.

4.5 HiESESPE Lz 2% 3,000 kW BB vy oy Hise
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2% 3,000 kW outdoor type silicon rectifier with isolating

switches on the top of the cubicle (SAR).
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4.6 Fooun-Ow2 8l v-ron Schematic diagram of key interlock system.
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Layout of substation.
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Air Conditioners for Commuters’ Trains

Hiroshi TSUBOYAMA
Toshio NISHIBE

Odakyu Electric Railway Co., Ltd.
Mitsubishi Electric Corp., Nagasaki Works

Following the trend of accommodating office buildings with air conditioners and equipping room air coolers to dwelling houses, it
is considered that the time will not be very remote when the commuters’ trains are provided with the similar facilities. Considering
that most of these cars are packed full in the rush hours, the cooling of the coaches is as necessary as the speeding up of the operation.

Regarding the realization of the idea, study has been made on the air conditioner of the train from various angles in cooperation

with the authorities of railways and a type CU 12 unit cooler has been developed for the purpose. This article gives the outlines on the

construction of the device together with the report on the result of the field test.
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Example of heat load calculation.

3 i A 1t B 3 ) c i
H 7' P 16m 17.5m 20m
& &l 17 A 130 A 162 A
® R @2 260 A (223 %) 279 A (215 95) 402 A (250 %)
. [9]1 3,120 1,870 3,290 1,970 4,140 2,480
= Q2 9,570 9,570 10,770 10,770 12,480 12,480

B Qsl 15500 10,550 14,600 11,300 24,000 16,300
w i Q<) 11,700 11,700 13,000 13,000 16,200 16,200

e
%i &8 39,890 33,690 43,660 37,040 56,820 47 460
& Q1 3,120 1,870 3,290 1,970 4.140 2,480
(keal/h) # Q2 9,570 9,570 10,770 10.770 12,480 12,480

B Qs] 15500 10,550 16,600 11,300 24,000 16,300
It Q4] 26,000 26,000 27,900 27,900 40,200 40,200
i 54190 47,990 58,560 51,940 80,820 71,460

Wow | | 28°C 1 w0°C | 28°C 30°C | 28°C 30°C
IR TS 65%

oo o 33°C, 49 % RH

# %k (m¥h) | 2,600 ( 2,790 | 4,020

i AP AR EE TR ANREAODT LTSS,

®32 AHE AR

Percentage of heat load description,

B W o WO S 12} 57 # OH
Qi (B#iC X 3 A 5~82% 4~69%
Q2 (MK k3 23~29 % 16~20 %
Qs (Xic L 2 M) 3N~40% 22~-29 %
Q¢ (AR L 3 EHE) 29~35 % 48~56 %
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F
4.1 CUIL2 120 bo—5 HiH
Exterior view of model CU 12,
4.2 CUIL2 120 1o-5 4148
% Exterior view of model CU 12.
;
AL
SEMs
4.3 AEFRER
Refrigerating cycle.
&
4 7 LT T e
= ]
/ I \ \/r?fi
4.4 FHAFE s0b
Air delivery duct.
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B - B O W 3 g % B 5 HIP922 R & BT L a8 b IR
BT 2, BRLT AR LA o BIERITEESCTRA X 41
oL NEEET 5.

WARE 4ot 1R 4. 4 IKRT X 51K, ERZERGARD - 177
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RS DIBL 752300 (kb 2@ FRP) oy +t Tssbh
Twv3,

4.1 {t =4
Specification of model CU 12.
JE £ CU 12
A W THIZH 220V, 60Hz
woom o Nh 8,500 keal/h
oy A 33:1.5°C
- HHBRASIELE  28:+1°C
AHBUCAZRIRRE 651£5%
ki 71 9 4.6 kW
2 i) i biie #7 200 kg
¥ K BB R 2w ER BB
IE#E| oW 4 Tl ruATVTARAR Xy (CHCIF2)
it B ] ZHEHBEEME 25kW
4 X | T~ 7 vBEiES
s 4 EARI - I
L3 I £ v TAIK
% )9 B EHREESHTZ 65 m3/min
& ] ] ZHBUEDE 400w
i 8 T b7 g v BRI
/3 4 7 O
AR 7 4 v TrR
% B 7 EEMIES & ~#JE 25 m3/min
it B #® ZHBEEEE 200W
[ I - S
AR ) W b4 2 WEARRHY 7 S~ ¥
wOMom oW % FrEFYFa—T
WO o| o®m é%fé%%;:i, Fy s v7 oy, MEBE
WERE o omomom
AvTemFry—% AR I I PR
&) X (BRL) 331 mm
E2S A A = X 1,780 mm
) 1,100 mm
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Temperature fall characteristics.
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Simulation of Electric Load in Railroad

Substations Using Electronic Digital Computer

Eiichi OHNO
Sumitoshi IMAMURA

Central Research Laboratory

Head Office

A simulation technique by means of an electronic digital computer has been developed to make it feasible obtaining accurate substa-

tion loads through the combination of load current characteristics made available from a runcurve, a circuit condition consisting of

tracks, stations and substations and an operational diagram. By giving operation headways, difference of starting times of load between

the up and down line and efficiency of the passenger load as inputs, line losses and trolley-wire voltage fluctuation are obtained besides

load current of each substation at every moment, average, peak and effective value of output current.

This report deals with the simulation technique and introduces actual results applied to a chopper control car developed for the

Teito Rapid Transit Authorities.
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Programmed Train Control and Computer Control of Traffic Schedule

Central Research Laboratory

Hiroyuki TAMURA

An ontimal feedback control system with position-varying gain has been developed applying optimal control theory for linear discrete

systems and decomposition technique. The optimal position-varying loop gain is obtained by off-line computation. Hardware for this

PTC system is realized as a simple logical equipment installed in each train.

Another problem studied in this paper is the control of the traffic schedule in keeping a string of trains with a central computer.

A simple algorithm for the central has been developed to maintain headways between the adjacent trains.  Since the information from

the central computer is transmitted to the trains only at the stations, the data transmission facilities can be economically realized with

this system.
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Fe(xy) + zyp IKDWT strictly convex - 2 [BIf 5> A A
Ty Tr={xy : gelxp)=0, gp=col (gps, - ,
Gem)} EH b EN, gi b concave -T2 ]h)
woTEE, T HAR
A, Mxn, 175
b M KT Aot
TEZ LN BEOKRELRD D & ©, RGBT R/

FIED Joi50 EBHEEE & HEENE - B

T IR OMEY, SMEETE FLSRs @IRTE 4
bid,

(a) HJuzzaLn DEEIL
Minimize { f () + a2 ¢ 2p € Th} orvvvvveerenn (2.16)
Th=1 2, o K
T 2 (0) 23KDB, TTC A BOMIETLER O X v

ATNDH Asa-a (ne WIL Ao bL) THY, T OFBUER LR
"HETE D,
(b)) euaLn oH
K

e(A) :kgl Akxk(’\k) D EQ e (2.17)
Y Fd

dx

L;;ZL:A‘C/E(’\)’ k=1, 2, e Y - CITCTTIO (2.18)

KH->T Ao M OEFEFELT () ICH EE, H L e(r)=0
% b RS

2.3 7025 nEREIEHROSRS:
RIEICb <7 MR 2 S50 LT, FIHE Jod56 BIBHEE DR RR
TR DORERH %725, TabbR (2.6), @7, (2.8 Db
&T, X (2.9 2RNMCTBHIE dv®), k=0, 1, -, K—1 %3k
w5,

(a) “#&m;a%ﬂ
FoiUud i kIC B » T,
ﬂ@)&awmm %ﬁmtkk%mﬁi%«%&ﬁ L5 4
Jv(k) i,

A0 (k) = — 10 (B) AL (k) e (2.19)
TEi b, ZEL F1owk i
wE) =[r k) + p -+ 1)y (B) 1y (B) p(k+1) wereveeene (2. 20)

PR ITRD Riccati HEE
PR =q(k)+p(k+1)
—[r®&) +pR+1) B - R PR+ - (2.21)
p(K)=q(K)
FHeT, (2 19), (220, @200 (212), (2.13),
E ) cHHELTw 5,
(2. 19) F3 (2. 8) ORGP ML = & & OEEHEY 54
5. X T CHBICHBEICE 2 5 #HEEaqtiE e L,
AU min, 4 (k)<< dvmin
du(kR) =1 d0(E), 3 in=sd0 (B) <A s oeee - (2. 22)
A0 maxs 40 (E) =0 max

VAulk), A(E)

Slope * w(k)

At(k)

Ag(k)

Ao (k)

B 2.1 WfERZE & BUERSZELIE o B%

Relation between time deviation and velocity control.
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2545, 2. 11 do(k), dokk), wk) OBEFETRT.
(b) BFERENC X BEEE
T TR (2 8) ORIRGEM 2 EE LTRERAE T2 5. X
(2.6), 27, 28), @DcPHnT
=t (B) ] |
dv(k—1) |
Si(zp) =q k) 42 (k) +r (k—1) dv? (k—1) 4 2/ Qpzy
E=1, 2, «eoe K

ka[q(k) 0 ].k:l,z‘ ...... K

0 r(-1
0 0
0 0
1 —y(k—1)
A= 7 —kfFH, k=12, -, K1
-1 0
0
0 0
0 0
: b=
0 o =K
1 —y(k—1)
b= 4t (0)
0
0

Tk:{xlc s dv minde(k"‘l)de max}ts k=1, 2, - , K-

BOIBEIMLETASCERX-T, b & OfBERXE 15) DI
BEbDLY, DRFEHOEHRTIREE 2 5,

(1) #Jur5aLRL OHE(L

Minimize {q (k) 4¢2(k) +r(k—1) dv?(k—1)

ALy, dvlk—1)
+ay(R) dt (k) + 2y (k—1) dv(k—1) ;

A0 i v (k—1) AV max} e (2.23)
k=1,2, -y K
T AR, 2(k—1) DOEPAEA I 0 IcH L,
A (k—1) = —rg (—1) [2r(k—1), k=1, 2, -, K
&g (2 23) O fEE KD b,
AR = — AL (R) 2 (R) +oovereesers (2. 24)

dv mins dv’ (k"l)sdv min
do(k—1) = dv’ (k—1), 4 min<<dv’ (k—1) <40 max
A0 pax, Av’ (k“l) =dvmax

E=1,2, -y K
THL LN,
(i) tumLw DA
(=% Ay () -

= A1(1) — 48(0) = +(0)40(0) de(l)
: } : } (2. 26)

At(K)— A;t(K—« D=y K—=1)4v(K-1)] e (k)

AT e(A) D Iws B
fle() ?*=e1)2+e(2)24 - Fe(R)2 oo @.27)
&L, TahEw e LT
le() [2>¢
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bl
e dn @)
- 474 pe
=Ae(n
dry(k—1) vl
dr
m[o ...... 0 1 10 o]e(})}
0riernl —y (1) Oeovreeee 0 e(;k)
Thbb
‘b“(k) e(k) —e(k+1), ¢(K+1)=0 |
............... (2. 28
@%{—Q=-v<k-1>e(k>
k=1, 2, oy K

KHfoT A RIBIEL(I)ICH EDo b L Je(W) =g & b FRHTH
ko )
(c) SMEWCEY 35 25707 WOFRUH

(2. 28) B ZERLL, oo

A E)) mrr= (M (B)) - { (e (B)) n— (e (B—1)) n} 7z 29

AaE—1)) 1= (e (B—1)) n— (v k=1)) (e (B) ) n 7y,

Bt THEY R5A—2 M (B, A(R—1) RIEIET 5, £ & Tn 3R
L 2597 27RT

FHEAMWICIE, 257w B8 4 i, | (e(k))nuliz A3 dry ICBIL TR
INCHRD X5 BEASETH A, e() 2AKCHET 2 BIHTRA
WOTCHRETH S, C CTRIEBRLEED K 2707 KBWT,
¥ dry=dr LF 3, 4113 2557 W LTKEHOEER RS,
 OFER, ,
e LT (2. 30)
FEWE, C O dr % n25573 HO 2747 HiCEL H LIE 30)
FELRAGRE, dr=tdr 2 LTHUR 2.30) 2T » 7
BE Frwo TH, RUBDTRE 3 RiliAT drn 2 22557 HOD
2553 B LTRAT 5, (2 28) £ idk=(2.29 1, BE Rzt
D s e %, 7% 2507 T L CHRD E & B e d ORKEMNE
D 7LIVEL BHA TS,

2.4 EERCIZERCOBEEEHOER O

Bk X 3ECRE,

(a) HEEEAE(HeT 2 HIEK (2.8) 2L <, RRER
3 L AR A LEOMGRE HET 2 HEFED F1u 2RD 5,

(b)) (a) Tk 4y icd &S THEERSELEL HXKD,
N FIBREH 4 e & ¥ R HERER ERE LTEBAT 5,

LS FIECHES 0T, CoREELI S HHRERCEARD
FLSBELMETRE .

—%, SmERLEALTEIRD %*%“%i WA ZLEOH
EEEELT, & Yuuod HuSicsld 3 HEnEGEEES R, »
ST HIC EEEA R E IS, LA Te o ThH, EFEEICX
> THIMICIE b 5 RO Y BT 5 e 0I5 RIRE 2 H
T5.

LR OFy HiEE Pk SBEECHHE LTERe, B
2.2 BYXURI 2. 3 IR T, M (a) iR gLk sun-J K- T
EITTBFIEIC AT, (e)IORTREREL R L & i
L REBREESE(LEY () IR, (b) RRHERE & HEES%
(LD BIG* HET 3 1o DERRLTWS, K2 21Ci 47
Yoo BEME 4s % 10km (CHA HE, 2.3 ik Skm 1CEEA R
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e

=
E 130}~
I
by
100~
501! L :
£ 350 400 350 3
] 8
Z S (kn? 9
(a) Standard velocity
g(R)= (1.0 k=1,2; 2
110.0 k=13
(k= [ 1,0 k=12 11
1.0 R PE
' ™
| I
E ) .---.___‘__,___,_--.....'_-1-_..,__7-——’ }
R U
O %377 35 5 7 § 9 10 1 1Z 13
k
(b) Gain
3
1 2 3 4 5 & 7 8 11 12013
¢ ]
~
— rg
) e
L 7
— —0F (/ Case 1 Case 11
= /
< //
40 #-~#—< Unconstrained
Y% [ A [S10km/h
~60
(c) Time deviation
! *—-o—- Unconstrained
0= Il ¥—¥—# | Av |510kn/h
P Kool
£ |
= Ol { ——y
oy L_ﬁl
<l° } Case 1 Case 11
1 . ; :
RS e =
) A R o G ; —
3

4 5 6 7 & 9 10 11 12 13
&
(d) Velocity control
2.2 Jodss BBHEBIE 256 OB BmETHR
Al 4ds=10km
Optimal sampled-data control of programmed train operation
(PTO) system : new Tokaido-line, example 1 4s=10km.

% 2.1 HEHS LUSREBIC X - T8 SmBEEED
bk 4s=10km
Comparison of performances obtained by direct method and
decomposition technique s=10km.

Drri\reetchtod Decomposition technique
2 | No. of
J J e | iteration
Unconstrained 2.58X10%12.58x10%} 6,72x10-3 15
Case I
Advmin< dv(E) < dvmax | 6.74X10% | 6.69 X108 | 9.58%10-3 147
Unconstrained 6.48x10%] 6.46X102| 9.40X 103 15
Case 11
Avmin< dv(k) < dvmax | 8.94x10%| 8.87x 10| 9.63%x10-3 35

FIED Fuise HBHEER & FHEEHIE - I

al A
= 150~
E
=
3
100
s ! , R R { ; :
=Y 300 350 '
Nagoya S {km) Kyoto
(a) Standard velocity
— -
L I
L i ;
101~ o
L L
"’"“""\-._J“‘-‘_ }
s | |
2 05 glky= [ 1.0 g=1,2;24 b
-~ 16,0 f=25
L ru>={:.c k=1,2;,23
" 100 k=24
o Lo [ i i . ~
1 5 10 15 20 25
k
(b) Gain
k
1
O
—10
-0
< /
=30
= /
\é —40 e~—-o Unconstrained
—50 r—x 1Ay =10/
—60
(c) Time deviation
i v
-+ '
—5 19
2
= X
10

(d) Velocity control

2.3 Sodss HBGHIE 256 ORMEHE - BHiBEYEE
2 4ds=5km

Optimal sampled-data control of programmed train operation

(PTO) system : new Tokaido-line, example 2 ds=5 km.

SR OERE RS, REREOWHOBMTE X —BKL Tk, =
FREIC A7 B—5 #5120 km B OBR I LT, Yoo 88
HEEIRRE 0km BECHHTHE L ELS, 2. 25 LURK2. 3
IR L S 3T, EEEIC X o TERiEER & o FFEIE R
DIERETE o —B LAk, F2. 1 CHFEESEAL CEAMb
B OEZ I L T3, T THMEBEOEER L —FHLTw»
%, IBM 360/50 ic & 2 BT SR BB #EH T 10 B/1 case,  43fRIR
T 60 BH/1 case TH o 7z,
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o , .
ils) + Velacity i Time deviation | At(4)
= Train |~ Sampler }— detecto - -
T

Aol . controller

JL_..W__..«[ Limiter I—-——I ~w(k) 5

2.4 B EDO IO oK
Block diagram of a time deviation control system.

BLRCTR Uit ofE s, Mgl iR ob 2 Haicd, EiE
i X B g 2 fE T R A RIE LN D T LA o s

2.5 7RSS LBHEHIEROER

Judse BRI B 5 HRGIEEO MR R 2. 4 1I0RT . S
Uh-T D Foa ICH DT, BERICED H1u wk) % off-line
TRDTE L, s-v 30554, 5 o054 il T 2R E D 5
g, B wk) OFYEET T, COREEEEHE
WL, W LB IN M T (ods-) BREIT B o IR
2% Ar(k) R L, PBEEES LHERANIND F1u OEEHNT,
HE AL L dv (k) % RKOFIEIC 20—FKRw2 T 5o LLEIGRT
L R o HIER &, FIZERIE R AR C i s D,
s-v F0556 b ) Ik ATC OHIRHEE % fn5 &, FREZHEC
s-v 0556 REET 5 LEA AL, T AMEREEOL O D
DOTRHFWNCHFTH 54, HIEEEXETT 5.

3. ETEIHIC & BT EREEHIE

U 419 BEMNAE & BT, THEIEHE 411 ) & TRIEHEED
R, FIHEHIEOR.OEETS 2 ®O0, [A{FEEE D 72 D D
BHHREET L w2 EREOFIEY R icT 3 0T, FIEEEKD
TR ovto-uL TRBEENLEL A %,

AT B AR O RAR AFE LT E LT

(a) BiE 1P BENA E B, T LFIEOBAN R EER
WOEBE/MELT 5,

(b) EESRTIOMEANTE Y OFIEORBIREZOHE TR 5,
HFBCENRTES, (a)DRDOHIHEE, 1 CHET 5 HE
F#SEAEA L, D O FEAOHEES RO LTH 2
%, (D) Dy ok, ¥ ICHTRIHE (ob L @RIEcHRnR
L7z Jod506 MBIESEE) A4EM L, fHx oFIHEBETITAbe 5,

3.1 i BB o®IEBAE

FIBEEA U % L CcoREMNMML, ok, BELHAE
HHE A1+ 2 ¥ T ETRAI b HFRICALOT, KHETIGE
- MR REBTE RV BEFIEABIEE L L ¥, BEFAEER
R Ctiit X o, EENFEOEDE 25 2 5, LITFHEORIIKE
BT 2454 % i EORIEMEHEE ST 525, Chuc AR
HEOAHIMERRKD LV TH B,

(a) ANiE®E

(1) BTG

(i) FEFIEA

(i) EEEE»

(iv) WEFEAM S & SEHROMOETTL T 2 FERE

(b) HHiEH

EEFIH DK % EFT LT 2 HBFIEICKH LT, EDIRTDF
WX B BT BB
D o BFIEA~OHlHTE S BRO 2 TEL B,

A x OFE OB % FIHiT 5 B LHEEAEE, H Lo IR
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o sv ~——pe——f Train L L e R Train at amanatlL IR
| | ;
i | |
| |
!
AT L Sen S ]
program program
[}
i
S y P
— y; P
\ — 1
Central
compulcr

B3.1 FEBHHNH270

Control system for a string of moving trains.

3.1 M BB AT, 4T=064, £01
Input data for central computer, 474=06 min, case L.

Sation | 7| Stkm | XS0 S) | eminkm)

A 0 0 e 0.06

>>>>>>> ]é o 1 1 50 o 1 0.04
C 2 ) 60 T 2 e 0.05
D 3 ) §0 i 4 0.04 -
E 4 100 i 5 YT
D 5 110 - 5 ) 005
C b 140 ;7 e ”wéﬂ(}; 444444444
B 7 150 A 8 0.06
A 8 260 7 10 0.04

W X 2 Hh ERIBIHSRE BB E H o b T Jowr MER 3. 1 1KRT,
3.2 #EHfHo7TLIY XA
EURICAREICH - 2 85 8l 5,

sl
s; ¢ FUBGEBIE RS At A (o) AN RCIHIRFE % % 21
ek &0 jROME
fi(s) = Huf s kT B i FIE (RRNCGEE L2 5% 0
FlEE L LT, SEFABICE» CIEFRCES LD
5y OBERS
@;: jBRE (1) SRR M R L 5
% SEHE RSy (g EEsD)
8; 1 j BRI B |EMMIC & 2 BIER -y 0 RN
AT« W)HETEFE AR 53
(so §1) ¢ FIBLEREF RIS &/ ROMICS 2 FIHEAHK
Max(A, B) : A}t BOKEnESOE
Hi RSO pudyde & LTE, HEFHEIE O BABERTE

BRFEAEL, WERM HHERER - ML) ofErc

EBRFNEL, OB MEEAEERT b ORERING,
(a) x(s0, =4, j=1, 2, oo iR TaLE
IR R A (o) & 7R (5) ORIcSH 5 FBEH (5 5)

2, TRCOFICH LT IKELvhHDI % EEloTnb e

%, MR FLSYAs b o & SHICA D, TOBEICEE

ol st L IR,

Fils) =Max (0, f1(57)), j=1, 2, wooeereimeereens 3D

THE LB RS L TN, 2L

Jols)) =4T
Fols) =Max 0, —ey(s—sp) + fo(si)
skés£5k+h k::O, 1’ 2’ ........................... (3. 2)
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O Running train

ALBL o E Tname of the stations

S - e b m
S: Ss Se N; Ss
LD C B A

£7 5, 31 8. S
A B C I

= Down. train Hnp e om—eee{ Iy rrain line———m-—
:

B 3.2 [EfFHENEEEE DL, (s, s)=7, v;
Schedule keeping, case 1, (s, 5;)=J, v

ca R
- B O Running train

AB, 0 B Tname of the starion

e S1 Sz Si S5 Ss Se S: Sa
! Y P J
Se S Se S S4 S Sa
A B C DE D C B A
| H
———Down train line-—- e —me=—==UIp train line-—

X 3.3 ERTEEEEE D2, x(s, s)l<2
Schedule keeping, case 2, (s, s2)1<2.

® 3.2 MLFFEOANEH, 4Tv=0%, £D2

Input data of central computer, 47,=6 min, case 2.

Station ' i { S3(km) ‘ X(s0- 51) i! ay(min/km) 8;
A 0 i 0 ] 0.06 0.3
B 1 | 1 0.04 0.2
c 2-0 60 1(<2) 0.05 0.3
D i 90 2 0.04 0.2
E 2 100 2 0.04 0.3
D 3 10 3 0.05 0.2
c 4 140 4 0.04 0.3
B 5 150 5 0.06 0.2
A 6 200 7 0.04 0.3
0, §<8;
£ = Max (0, f;-1(s))), s=s; 53

Max (0, —ajp (5—550) + 5 (5500))
S kSSS e, £=0, 1,2, e
G=1, 2, 3, eeee
X B2, B EMaT @G KL, jHICET S /5
BRI 2 KD %,

RO FERFEIET 2. K 3.2 e—FRRT, AEERERT
2DICEI. 1DFa®xlnk,

LR PuTVAs B, AFIEOZRRICET 5 THEER T @ %
e, BENEORREFERL L THREL, SAEORCEY

DIFERR R T 23 0 TH 5,

(b) x(se. 5=, v; B LA & &

(m—1) BR¥cik

x (s, $;) =7, j=1, 2, - , m—1
EWREL, mRTRIIDT
x(Sg, Spp) <

L okGE, ThbhbbmEBRC B CHBX 3 FEREFE LAY

FIHD Fos6 FBHER & FHETEERTE - mF

INPUT
Se, AT,
aj,Bj, X(S., Si), Vi

f

Jo(S) =Max(0, ~a:(S$1—3.) +aT.)

i

@ AT=(1+B;)/ 1-1(S))
] Yes i
l J#08) =Max(0, f5-1(Ss)) ] 5=Si
- X(Se, Si}=X(S;,S:.;), Vi
L @ =a5,,
OUTPUT Bi=p, U
fl(S;') ]
IO

I/)(S,» 1} = Max{ 0, "“UJ(S; 1= S Hfi(85))

X 3.4 i LHHOZDDOEED 20-Fe—b

Flow chart of central computation.

Bk, (m—-1) W3Ic()oFIEKH > THIEOFHICET

LERR S Bk B, (m—1) FEEmEIC B W TIRERINC L B
WERM KR Pk
AT = (14 B,) Fanaa (S)  oooemrrmmmrmmene (3.5)

CEEL, mERE IS e & 2 L (m—1) FUHE% 0 FUHE
cHEELT(a) i3, B/ 3.3 e—H%FRT, T TREHESET
FTIC 2(so, $;) <j M LANRET > A BEDFFE R LTS, HFHH

®EMTOIES. 20 FaxHi,

FEO FLiude B, AR THR X DFIHEAEEL L
v, 2ORICEYZFEMINC X 3 RIERS ORYNE 8; 2
F CHIHLEIERE O % FRIRF L, © O R% Wi g FE A
HERRZLT()KREDEDDTHD

() B XD oA ZHEHED PLIYAs % 20-F+— P ICF
EWTHE 3. 4 IR, SEREOFIELEEA R CR A BE
i, BEERSOREKEYR & 2ME I LT, 52 KFLE 7
WINAL R X DEEMI T LAHTE S,

3.3 8 E

RIESICA Lt B O puivie &, i koREARH IO R
HEPCEDIRTEIL, HEHED pLivie LT 2LV S
BT LADDTH B, TCTH EORESEE, HREs OF)
BHoOBERSZRILETEEZHET stk oflfﬁﬁ{’ﬁ%
LD, BERSFXOEERIFE I CIKEEL ke Fic, Hi
LR O Sodse BWWEL, EFFIEOKRC T S Frltk %
FEARE: ) N o 5 3

AHRAOEELIIHET S L,

(a) M EhifEgEaEe B FHIEEGEL SBIMICRE o T LiC K
=T, M EHEEO FLivis AEEFICE L Db,

(b)  Hi REHERD L RPNE~DIFBREER RO L CfTAbI D
oC, Hi RERM (EHEREERE - Hh B EE - HcREEE A ) o
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BERPNE L TT i,
(¢) HEIE ~wf O/PNERFIBERHEICGEL T 3,
RERDITDLC LR TE B,

L4t 7 U

FVBER 256 OBBME O—FHH e LT HEGFIHIR 220D
¥, Et Jodse RFEBEEHEEIC ST 3 REEHIER OEREE,
B LU BRI X B FYER O —HIE T AR o

Jodse BEHIEROREHREECB LT, CoTRELED
& HBEPHITEE O PICHEA L7 iR, Bk X - TRFHL
TeigR e RO RR X —B L, BUERSZ b CHIR
DBHLJ/ETCH, EHEEC XS EARIICToME R HEAE L
N5 CERETMEINIL, FERSC X 2RMEIERE, AERER
WHIRHR LR T 2 c ek, BERHZTRLD LV 5 R
187,

~7, CCCHELLFEREGTX TR, #r 0BESEOH
BOREIWES |k Sodse 84 L, H LR SFEOKRAW
R OER R 25 2 % D OESEREHEL, FEALTE
FIRICHIEESR %X D & VW 5 Bl A TR TH 5. Hi LEHEHE» L%
FNE~OEHEELZ YT b ITh > TRITFIELZ HIET % &, e
DHEFFRNS RO T T LA TE, BEOLIRELEMT5C
R TE S, AEHEERSEE AV, Ll - CHEEMEED 5
b, ETFIEOHHRIROACHTALE TS THELEL D,

b, xPFgeicH Uiy o TR - - EE M RE
BT 3 LE{THE, ZHEBRANMREN, Jodse OVERICTH
TP 7 720 e KRR AT B FIR B Ok b B 775 &K
BTh5,

(1)

(2)

(3

(43

(5)

(6)

(7

(8

(9

s £ X K

MNE, BE, A, BE : Jodss € X 3HEOHHLEIE,
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SLEZ v FREHEMKBFEZOEHR
A B -MFE ST -RE BRES
Type SL Latched Magnetic Contactors and Their Application

Nagoya Works Kenji MARUCHI - Hiroyuki OKADO - Yoshiaki NAGAO

Outstanding is the latest trend of automatizing the operation and saving manpower in the industrial world. This has brought about
the development of magnetic contactors for control apparatus used for the purposes. Since the announcement of MS series magnetic
contactors in October the year before last, the Company’s business in this respect has been making a wholesome growth. Now type SL
latched magnetic contactor series has been completed to expand the MS series. The latched magnetic contactor has features of holding
the line at instantanecus current failure, prevention of magnetic noise and saving of power consumption, which manifests excellent perfor-

mance for use as an instrument for lighting or distribution boards. It is expected that the demand of the device will increase on the

various circuits. This article introduces the construction, characteristics, test results and the application of this product.

WFFA OHIRS 5, DAEAREZ TR 5 R ICEEE v,
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Latch contactor, SL series.

% 2.1 SL k0 MSO-L IBBRAENGS b & UBHHR 0 ks & 11He

Ratings and specifications of type SL and MSO-L magnetic contactors and switches.

M SL-11 SL-18 SL-35 ‘ SL-65 SL-80 SL-100 SL-150 SL-200 SL-300
ek SO-L-11 MSO-L-18 MSO-L-35 | MSO-L-65 MSO-L-80 | MSO-L-100 | MSO-L-150 | MSO-L-200 | MSO-L-300
220V 12 20 48 70 93 125 180 200 330
SE R EW | 440V 9 15 35 65 85 110 165 220 300
A 550V 7 1 28 55 70 100 150 180 300
P 2.5 4.0 1 15 22 30 45 50 90
kwoojeee o 3.7 5.5 15 30 ¥ 55 50 100 150
e E RN A 15 20 48 70 100 130 200 220 330
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Characteristics of type SL contactors.

BES TRIFEE= 4 ABEAT) T (ms)

LR BRRER

31 SL18 1 R M (VA S0l B o R g
C ?’t L ‘1fB T ﬁgﬁ%gﬂ!%ﬁ@ﬁ'ﬁ& AC t#r | DC i i AC H#F | DC #IF |y nzi
onstruction of type ~18 contactor. ATE 5 glE PAREEE 1
P =4 Blau & A | 5 HIHIEHZE T BIEx2
wa L AFLTE AT LT AR AR | va)
LR sL-n | so| 70| 100| 50 w0 15 |1s] 15 |20~30
Ay I I i
AT SL-18 | 200| 130| 120] 45 nl o8 1] n | 40~60
- SL-35 4201 130; 270 45 | AC i | AC it 17 1" 21 14 60~100
DC | DC k| ~
SLas | sso| sso| 2¢0| aao |[PCHFIDCRIE 1o o] 2 180
ty Ed |
SL-80 |1450| ss0| 270] 210 ko | wwo (2] 17 f| 0 |20
FEFIEILTL 80~ 180~ 00—
N b= SL-100{1,75011,080( 400| s80| 11025 1102%)22, 18 43| 24
iR LA —
J 150 300~
e S ’ SL-35013,300 1,050 650| &0 24| 19 || 4 00
EEac | #e SleEFLaAn -
BAS AL TEERG (T 0 F) SL-300 | 4,500 | 1,300 | 1,000 | 400 o 2 leo| 48 |M9%
B 3.2 SL-100 jp ERBEMER O ik W1 A EEIEA T A AR b RS ON £ TOMM
Construction of type SL-100 contactor %2 BIE¥ETLERSIERT LA AMRD b RS OFF ¥ ol
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C o = f AR (Fi5k b B2 OFF 1448) G : a $£2i OFF ]
D : J v riamn H: o4 A@mmsm
® 4.1 SLJg BRSO DE tv0556 o
Oscillogram of operations at type SL-35. ‘ |
R——6"0y I . 0.1 0.2 0.3 0.4 0.5
Tﬂ ﬂ% J A% wr, ‘ff}, wr A% MBS RN ()
o4 R 200V 3 kS
Vo Pan ima ol"‘“ l‘:\xe 7 %g;—“ = 4 A EIAETE 160 V 60 Hz
| i [ o o Lo e e [ 4.3 (s & Rl B
. ' Ei(’l‘ ; E‘“ 3T \mjm " Mcsl . H_L_J_l* Relations between duration of time of control signal
,l\ { and numbers of faulty operations.
& OO GO © 0
§od 2 x|
58V 1,280A,PF 0.33 lag
RT : REgERS AX1, AXs @ BRIRETE 3¢ 258V 1,280A ag
AXa s 2o FRUBMHE  MCMT) 5 JiRMMC @ fxA= {0, MT @ 3lz@FLadr) “CO” -1 ~ - 5.67ms

B 4.2 Behkirse sBRIES

Circuit of mechanical life test.

# 4.2 SLJE EEEMROBN L - MBS

Making and breaking capacity of type SL contactors.

Hifr 2 A

| |
B # |SL-11|SL-18| SL-35 SL-65: S1.~801S1.-100,SL.~150,S1.~200,SL~300

1

220V 120 200 480 700 930 1,250 | 1,800 | 2,000 3,300
440V 90 150 350 650 850 1,100 | 1,650 | 2,000 ; 3,000
550V 70 110 280 550 700 1,000 | 1,500 : 1,800, 3,000
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4.2 HIEESERE SRSy FORE
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B 4.4 SL-100 9§ WHEEME L« Baho tvodss
Oscillogram of breaking capacity test of type SL-100.
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% 4.3 SL 7% BREABEMRAEN HABRER

Results of mechanical life test of type SL contactors.

sL-t | sL-s SL-35 |  SL-65 SL-80 |  SL-100 SL-150 SL-200 SL-300
BB E E M 220 220 220 220 220 220 220 220 220
" B & H 60 60 40 60 60 60 60 60 60
B e (=) 2,400 2,400 2,400 2,400 2,400 2,400 2,400 2,400 2,400
B B R M (e 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
eI ] 142 136 140 145 140 155 156 155 156
B AEE
- 25 75 [@ - —_ — 142 135 148 150 149 159
v
50 5 @ 148 140 143 136 138 140 147 145 —
60 Hz
100 K@ 149 142 146 — — — — — -
] 13 80 93 2 2 134 135
BlERTL B 4 i 0 n 130 112 13
L 125 75 @ — — — 98 2 108 124 125 142
v 50 J5 {af 136 88 106 87 100 105 107 110 —
60 Hz ”
100 J5E 140 93 m — — — — — —
Ei =] 1.5 1.6 2.1 2.7 3.0 3.3 3.6 3.8 3.0
d+ — |25 F @ — — — 2.3 2.5 2.9 3.0 3.1 2.1
b T o505 | 1.4 1.5 2.0 1.8 1.9 2.6 2.2 2.2 —
100 J5[El 1.3 1.3 2.0 — — — — — -
i 24 L 4 10 10 10 10 5 5 5 5 5
R # A 2 2 3 2 1 0 3 4 5
gk TR
?j‘f EE 0 0 0 0 0 0 0 0 0
£ 4. 4 SL I TEREEMGRE Kk dy s R Results of electrical life test of type SL contactors.
- { SL-11 SL-18 SL-35 SL~65 SL-80 SL-100 SL-150 SI1.-200 SL-300
E &M
220 440 220 [ 440 220 1 440 220 { 440 220 i 440 220 [ 440 220 449 220 440 220 440
# g{%gﬁaﬁm(m 65712 | 4619 | 10020 | 7515 | 240148 | 175,35 | 350/70 | 32565 | 470/93 | 430785 | 625/125 | 550,110 | 900/180 | 825165 | 1000 | 1000 1,650/ 11,5001
BB EIE (V)] 220 220 220 220 220 220 220 220 220 220 220 220 220 220 220 220 220 220
B B (Hz) 60 40 60 40 60 60 60 60 60 60 60 60 60 60 60 60 60 60
a FHE?%!LZ-JW #10.61/0.320.65/0.34]0.67/0.3610.61/0.3210.65/0.3410.67/0.37/0.62/0.32,0.65/0.340.61/0.310.63/0.3710.63/0.32(0.65:0.35/0.67/0.3710.65/0.3200.67/0.32.0.68/0.31(0.68/0.380.67/0.37
o A (al/#) | 1,200 | 1,200 | 1,200 | 1,200 | 1,200 | 1,200 | 1,200 | 1,200 | 1,200 | 1,200 | 1,200 | 1,200 | 1,200 | 1,200 | 1,200 | 1,200 | 1,200 | 1,200
Mm% 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
B E & gD 80 85 75 95 40 85 45 50 50 50 50 50 40 45 35 30 15 15
3 Ly 6 7 9 12 5 9.5 8.5 7 5 3 8 10 3 8 3 7 - -
i | 257518l || ] e e —
iz] e 6 7 8 4 3 4 5 5 7 8 6.5 10 9 8 6 7 - -
gE -
73 B 16 17 20 25 13 30 15 14 9 7 6 15 7 13 6.5 10 7 5
ST % -
< [ 13 14 18 10 7 16 8 10 15 13 14 14 15 14 12 16 7 10
o> 10 o Eo CO Eiy 5 ik #w L <\ 5 2, SLIEER (2) $HALAES 2T LOELD a1 EHELED 80 %L k
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SL W EMEAN OBRINARY & —oERERR cfiabh
TYWBTHEBREL b »wo-C JISIEICHE ST 58k
BEHLO 515 (5 03~04lag) #IXAL, EHEHR (J1% 0.6~0.7
lag) % U« i3 2 EREEHCHEM L, SIHEREME & F—HEk
HTEINHFHARE I L. ZORREER S 4 CRT, TD
FESE S BD Sy EROBKEAAR CEVHEME TS C
LERLTWS,

4.6 IREHER

507 NEMEMAE L, so7 WOCERBHAS Y, coBID
BEBROINATVER DR, 3 ERARE, 52RFLIAAED
FEFHRE 2E0T, cOHCHLTRIFICERLELDbNEH
REBEIFC oM EBRT I LIECREO R\ C & 2TERE LT,
BRI & BBRNARRO L BV TH D,

RS IR ORI G AE --- B 50°C, % RH 95~
100 %, 32 M{ElaE, BRI AU 2,400 [H/h 216 h fkilk

4.7 R, EEREER

B - APRCHEE A2 C b, HAORDEL 507 ORIIE
THb, BHLCOWTI, FHOFHTEEAWC L 2R L,
SR JRTEK 10~55He, I 1G —%
TEHRTIETIA B0 R % 16.7 Ha, HHRIE 4.0 mm

TR AR - JREIE 6 ~30 Hz, #iRIE 2.0 mm
MU DT, — 7 R A o KT FEREHE RS & FUd <
Wb o, COXBEBEUMIZOHEIMEC LY, HhEs XU 50

F OPEWED R VT & BHERR L 7z,
5. SL s EREMIFOEN

5.1 #HRtoxE
Ll b x 0 BERICDWTRET L 228, chb o RlBdis» b SL
TR AR OB LOEEEEE, KoLz b,
(1) HIEESREE 03 B Lict 5,
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# 5.1 SLIY BRUEAD 2070y 1)o7 OIFEARR
Capacity of capacitor trip of type SL contactors.
My : pF

SL-11} SL-18| SL-35| SL-65 SL~80{SL-100/SL~150/SL~200 SL-300

1 BEL 10 10 151 50| e | 400| 400| 400| 600
{ |

2 srEA 30 30 ] 50

150 200 | 1,200 1,200 1,200 1,800
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1 MC
o2 w—-——u-@ﬂ A i
i MC
3 BE T LIS
AX
QJPT FEEESS 2L
RT FEERESE| 22T L
RX R C
7 it
—{§> BERE Y L —
{E@ EERE L -

5.1 SL B EREEMEO o5y bwT B
Capacitor trip of type SL contactor.
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B/ avFo A% ERD. L IKRT,
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EL efEzE B 5 Wik ik a Yo oin  KHRE S h 3 oERE
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ICiRT o
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1 Bc 1 [@EoBEE-C- 5 7 M MIALT R R g, G TI
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B 6.1 47 Ak o Ik~ o T
Example of application of type SL contactor to remote
control of switch hoards.
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6.2 W BH-%E#EB~oHHA
Example of application of type SL contactor to
illumination or electric heating circuit.
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¥
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Example of application of type MSO-L magnetic
switch to motor control,
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Example of application of type SL contactor to
change over switch of sources.

o s 8 o P N Pt S P I PN TN SIS SN TN
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Effect of Entanglement of Molecular Chains on Network Polymers

Central Research Laboratory

Kyoichi SHIBAYAMA + Yasuhiro SUZUKI

Investigation has been made on a multiple network polymer to make clear the role of topological entanglement affecting on the

properties of network polymers.

Study has been made on some of the properties of network polymers prepared from styrene and divinylbenzene.

Multiple network structure is supposed to be produced when a network is entangled with other one.

The results were

coincident with presumed characteristics of the multiple network structure. Another study has been conducted on mechanical behaviours

of a polymer network formed by dispersing microgel particles in a mixture of polyfunctional prepolymer and vinyl monomer. The

results have revealed that the particles act as restricted domains where entanglement are trapped as shown in the multiple network poly-

mer. It is possible to modify the entanglement feature of a network polymer by the multiple network structure.

The result of study made available are good for basic data in designing material suitable for a specific application.
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M-1 1.64 S-1 1.40 2.10 | D-1.5 4.04 1.88

M-2 2.30 S-2 2.34 1.53 | D-2.4 321 1.53

M-3 3.16 s-3 3.24 1.31 | D-4.1 2.54 1.05

M-4 3.90 S-4 3.84 1.04 | D-4.2 a1 1.03

M-5 5.30 S-5 5.31 0.77 | D-5.1 4.07 0.81
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Schematic representation of the formation process of multiple
network polymer from vinyl and divinyl monomer.
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Summary of results.

No. A Tm (10-{i ' )‘(wﬁN ) d Vp Vr
°C) mol/g mol/g/i (at 25°C) | (Toluene) | (Acetone)

M-1 0.854 122 1.75 1.64 1.0507 0.31 0.64
M-2 0.874 131 2.17 2.30 1.0480 0.35 0.61
M-3 0.795 137 3.42 3.16 1.0477 0.41 0.66
M-4 0.761 139 4.76 3.90 1.0471 0.46 0.68
M-5 0.680 142 6.99 5.30 1.0484 0.50 0.70
S-1 0.918 131 2.98 1.40 1.0476 0.40 0.67
S-2 0.855 136 5.29 2.34 1.0475 B —

S-3 0.790 137 7.48 3.42 1.0476 0.54 0.72
S-4 0.747 139 9.77 3.84 1.0476 — —

S-5 0.582 143 16.73 5.31 1.0476 0.65 0.77
D-1.5 0.609 139 5.72 4.04 1.0480 0.50 0.69
D-2.4 0.763 134 6.32 3.21 1.0482 0.50 0.69
D-4. 0.793 134 7.72 2.54 1.0478 0.54 0.60
D-4.2 0.763 137 9.47 3N 1.0473 0.58 0.75
D-5.1 0.655 14 11.20 4.07 1.0480 0.61 0.77

Nomenculature

}h : Steepness of dispersion
Tm : Tempereture of tan$ maximum
pE and piV : Crosslinking density caluculated from rubbery modulus
and concentration of DVB, respectively
d : Density
Vp : Volume fraction of polymer swollen in solvents
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Data Transmission Testing Equipment and Example of Its Application

Central Research Laboratory

Communication Equipment Works

Yoshio MAEDA - Shigeichi HIRASAWA - Katsuya SAKAI

Toshitane YAMAUCHI

When an integrated data system is brought to mind, it is necessary to find a means to master the question of distance.

To meet

the problem a data transmission system is considered applicable nowadays. This system and a data processing system is often combined

together with a new name of a data communication system, in which the function of data transmission plays a very important role.

The problem posed in the data transmission technique is not only mere electrical connection of remote points but good efficiency in

execution and diminution of transmission errors as the case demands.

This makes it necessary to study the quality of the transmission

in general, which in turn comes to need appropriate data transmission testing equipment.

Under the circumstances, a type MDT-201 has been designed and built for trial. This device is capable of classifying and counting

the errors. An example of the measurement with this device is also given in application to an induction radio data transmission system,
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Data transmission testing system.
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3.1 MDT-201 #FE{amE s
Data transmission tester.
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Block diagram of data transmission tester MDT-201.
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Example of induction radio transmission system.
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An expample of characteristics of induction radio transmission line.
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Chopped Wave Impulse Test of Transformers

Harumitsu IWASAKI

[tami Works

Power transformers are olten subjected to lightning impulses and other types of abnormal voltages. In order to attest their insula-

tion strength, impulse voltage tests are given to them, including chopped wave impulse voltage. However there is no standardized regu-

lations for chopped wave impulse tests. This article describes, for the purpose of investigating the differences of severity in the tests of

transformers depending on the conditions of chopped wave impulses, the definition of the chopped waveform, the waveform itself, rela-

tion between the conditions of chopped wave impulse tests and their severity, and the potential stress at the voltage impressed end and

its vicinity of transformer windings in relative to chopped waveforms, referring to the effect of the time to chopping and of chopped

wave tail length of impressed voltage. Thus it has clarified the problems in standardizing the chopped wave impulse tests of transformers

and the principles of solving them.
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T L 90 IHET e A SR O EE w5,
BIIZ VEHE 30 M T & 90 %R M & oo %, 06T
Lz o®ns,
BT vwliLp AE XWEilET %L@?’Jé“ﬂlﬁrkf’l"’bfc%@
3 5,
E DERL, & V‘Iﬁffb’i%@%ﬁmwtiﬁﬁ%ﬁ%’ﬁj‘5 e DA
TVWETRE LCEMS Lo AER WAL LCERL, #
FIEN T T WHIRETRLL Ve, 2 BIE L AJELL S, 2 D& D
s wins,
B E vk P B TwEilA TR Bl s e dw»
HETHRLEZLDEVS,
BRIE VL AL BFIX WL » AR BRI S N7e E R
BT LZDb DRV S,
L7c#i-T, cnfotto%’@; 5 HBRTS 5,
Ser= Vi T
B & IR T B = Ver )X B X 4072 & VIl
BEYE T Lo AN = Ser X Bl 72 T i (i

gl

3. SVLHTREERR

LER O T WHIRTRELE RS oML, ZEmE C, L, R,
O 3EHOWFEIH L LTELL, X N*Jr Fpwd L LR E OO
VM fudoauz % Lo & LT, MPEIESREM E M5 b ED &,
E 3. 1oksAa%HEEKE A5,
FESRUG T ORI e i, Fov? MOEITEE S ML
53ty OEBOEIC L - T, TV LAVEEOETE ¢ &, IHf
7 CETWHAEES LT, D& ED Fpu7 BOBIEL R
LHES) Vo D Bh% $5u7 BICE 5 A LR DLEIER O H
BT ef L DHICL > TEDEIND,

Thbb, e=enH@ te/H{E—7y) e 3.1
t<0 0, t<,
rEL, HE= hJ>0 H@wa:&J>n

3.1 ZEERO & R R g

Chopped wave impulse test circuit of transformers,

LR O & ik g - %

LZadioT, t=1, T Fpud BPIPELEED S WIHELEREE a,
I, KR TmEhz e,
ep==eH (t—1o) e/ H (fmg) ververrensmmmmmmrneen (3.2)
T, e BEFKE > TEDDWE LTEHELLNLE W,
e/ XE 3. 2 oHEE L b, 2o ok v TIRAIR S
3,

1
e (P = L.F Vo« Ht—ro)
S U PP Y
LOP LP "R, Y T CRP+1
1 Pid, .
B S ot WIS F RN & SOS UURPI o g
LG PraPipbpie o HE=) @3
1 1 1

JReRy 11
T, RU"R@RL’ ay CLRD CR +Ct

bl:i(,l-+{>+ 1 . o= 1 (,,1,.+ 1) d= 1
C\L, L,/ C,CR,R, CCRAL, L, C,R,
N @) HnTa, by, o, REHTHDEh06

P @ P2 Dy P om=0 covvvvverennvnensenennniiiin (3. 4)
FREO0ADYM, ZToZoR%E, —0oRADERE ZODRK

e BT IR AT 2 200 e8RS 5,

VOH@*TC) & e HRTcADEERNMNL, Ht—7) LT
REN, Zo0ERHE, LzdoT, ¢ DIEIFELTELDD
MBEDLERDD, POFPOOHHLCDCT, BEEN, BHTEH
BEHLCTHET 2 &, BINERE e L ACEOHS e’ &, T
WO R 8 LCHE XN D 85 ¢ D00 X D il
WENS, LadsTR(3.2) @ ey FispmicG. 5 TtREb,

(f“—~f€w (t) I-C’t”(t-—-TL) }](t__TL) .................. (3 5)
— G, IO S WEREEIE R T ST 5 &, Sl
mer; 13 & A EIRBIEG & OO, A BIEEICKT 2 @
FEETIEACHEL R BB T L KRETRTTR
5 T LT B, ep QEIMEFREIE LD t=r, DT WHHICEART
1, (epley)t=r,=1 THoT, XWEHOEE, VHEIEIRD
LD, LIEHROBEEEICY » & dHELSLD %mlﬁ'ﬁfﬁm &
W Lo AR IECTIE, AN —e 2 ETIERBIK
wo FEUHHIHABEHRLT, Twi{Ed E L LT, t'=t—1, g;-j—
UE, ke o TEbENL T il B,
Cpo==EoE=P Cos gt EL () +oonvvrereernsmnsmnicnenns (3.6)

—i
9]
©“

|

B 3.2 ¢ kKB ﬁthJRﬁ

Equivalent circuit to seek for ¢,

4, EUKICL DB IVEL w AES J TR IV
BETEOHE
HX W Lo SR LCEHBI R TREZ KD 3 1cl, 7§
A B.6) kT D w, pp OEEFEBELGL Y RKSATLE b
AV, B3, 1 oEhoRofERRETNE, K G3) @ a, by,
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a BRD, PP+aPl+bPto=0 0 P=c P rIREZEHRT T
Gr=@e,= B, by=biey=3 ¥ 3¢ &, P4asP+byP'+1=0
LY, ay by D2EBPICELDC LB TED, FRICHVLRD
BIREEH XY a5 by OHIER KD S & a;=0.3~10, b;=08~80 &
b, LAdoT 0.1<<a,<<20, 05=<<h<<100 & ST, —
DOERE BOEFIEFT 5 HREHER, T4bb, P=—p/,

—

W B 0O

wzpi

TTTTTTTTTY

be parameter

o,

W Oy 00—

—
o

T T T T

b—Py

az: parameter

W ooy 0

2,
W e o0 =

N
T

[FN I & O ¢ G
T T

N
T

Q.01

i56 81

b

Bl 4.2 p/ %3k % RE(2)
Chart to seek for py’ (a).
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P=—p/tay, P=p'—w) ®3BREFTBHSOMENDONT,
ag by & ooty pds 0 OBIFRFEFEMBC K- TRHIEL, K41
~H4. 4R, TRICE 2T ay, by BELLNIEE, ps @
OHBERAE S EIC Lo TRD BT e RTED, Thic, BEE
B sicit C Mack @B X - CTRAWICKD 5 & Xvn, p2s
wy XD pe=pl M3, wo=awgql3 L LT, po, wo B BB, (3. 6)
D py, wo MEAREG L D KBLNB L, M4 5LBNT, o %k
BIZOHE & LT, e 25X IR T HICH 2 $-ColfR] ¢ 13,
ti=mlwy CHEZ b B,

B E wE TR Ve &

Ver=1-—cos TE=P1m/0g 2] | =PI/ 00 el 4. 1)
tELFCLHRTE D, HNEwELkDL K, M4 5L
07Vs %5 e DM t; % coswgty » E-Pol1=0.7 Vo, —&=Pe/o0,
0<t7< 72wy DRI THKILT 2HE LTRD 2,

DSEWRO0LV,, 22 e, DL %, coswet - £2201=01V,—
g=pw/os, 0ty <mrlw, OFIFCHRILT 2L LTRD B, &y, 27 28
ko, EREWHE T, &, T.=0—-m/06 t LTEL
bb, RE, etr=t, wotr =t LI ¥ t7, ¢/ % radian CEbT &
radian -C¥Eb Uiz HNSEE T/, BN EWEL e VR Se

ar=wh
b paramter
b =100
w0} :
8 50
6k
5 20
4 -
10
3 =

W

o:3~ \

o
LS
T
/ 2

57 06081 TS A 56 810 %0
dz
4.3 p' F kD B E (b)
Chart to seek for py’ (b).

0.1 0.2

0}
8l
be
g : a: parameter
44
3
20
g 6.1
R ,
e
8lros
61 —————— 3
or 5
4 ~
0
3|
20
2+ —_-—\\'\
0.1 . L : ¢ R : S S S
3 4 567891 2 3 456 810 2 3 456 8100

b

44 o 2 KkD25HEE(a)
Chart to seek for wy (a).
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B45 Xnifle il T wEHETE

Steepness in chopping, amount of drop by chopping.

m,

M 4.6 Veg—m, o B R

Relation between V., and m,.

2.3

2,28

2.1

T’

2.0

1.9

1.8

0 T2 T4 I8 18 20
Ver

4.7 VouT! o [ 15

Relation between V. and T.

i, T)=@'—t:)[0.6, S/ =V /T, =8Srfwp, THB, pafeg=m
DExGINE Ve BEED, 1<V, <2 THB3hb, EHNIC
11=V,=19 @ V., Offix Otz T, 5o UwEHL
THETE BN L, BHXVEL o S Ser=0y - Sy’
LLTRDONE, L Vo 52 my, T, S, ofEs
X 4. 6~ 4. 8 1ci74,

5. JVHTREEBRRE M & TEROBEE

ETMEER S WEIT 2tk -T, AHKETL, EHFMECE

HEEZFZD X WA - Hil

0.8

0.7r

Ser

0.4

10 1.2 1.4 1.6 18 2.0
Ver

4.8 Veu—S, o B &%

Relation between Vi, and S,

K2 BEEERHET oL}, Famoctthd, BEHOE
WETRERBNIC BT, SR W X - T, ETINRTFIREED
EHRREE T RT3 223, B AEWNTHE, Lal, Tl
W, T nHECORMO S AIEFEBRETIC X - T, EERICS
Z5BEERRA S, 5L ) EEMAEMGICE WK & h 5 BEE
BB/ TOWRRIL L BEIN T Z®OMAD, - Lil,
LRI, B fowT BIROEE 1v40202 K E 2T, W
L oBEMRBEE (3.5) 0 k 5 i, ELic X BIuREE R
HiRE %%, CoXsAERICECD 5 35D TR SN
FARIEELERVESTHE, T, TVHEFELPEEHRT %
PR BEAMICEE L, FEOLZERC VT, Ellck-Tg
FEEREIIIRFE N ORI 5L 77, BT, XwWiigT
DIRRED RGBS % R %,

6. VKRR & ZERENINGEOBAIFE

D, BRLOMG I IEREN N IREO R WEERTEL 5.

HEE E 2EIML 7. TEwiikic L, SvEibizoEE
PEAR (3.6) KX > THRbENDIHE, EEROBMOELIT
BE6. 1okdic, WEE —E, (1—coswt’ - 72) % 7 ICBW»
TEHML e, BBTIC2Ck>TRkDE e RTED,

S LB OB M EEEOHIC X - T,

o
e (zxt)y=—E A;sin Stx{coswg—cosw, t—7,)}
8=1
had .
+E coswyt’ &-mt'4- £ A;sin - Sﬂx{cos wot’ &Pt
51

"

——f wgsin(E—7,) + COS wyTEP2T « dv-}
o

=FE . zcoswyt - g-p:t’

2. . . WTe . ' Te
~EF Agsin » Smx| 2sin o sy T + 5
S=1

2

1 P )
s+ €08 | wgt —tanT! —- "
' 2/ P (wotwy)® ( : wotwg

1 ( P2
e 8Pl 4 005 | wt’ —tan ™!

2'\/:"22‘]' (wp—wy)? 0 Wy Wy

—cos wyt’ s'pzt’:l .......................................... (6.1)

pp=mowg T3 2, HHIVWL p AEL Ser=wiSe” TH-T,
Ser REHETRE Ve, OB LT 4. 8 KR ENEDT,
o=Ve/Se 21T, R6.2IKFRENS, M4 6Lh micko
TV BEFZDOTrv=mg/Vy 8 LT, » i E6. 2 KDL,
pr=v08sr, wg=08y/Vey TEDLENBZDOT, wy=Aw & 1T, B
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—E {1 —coswotle™" )

el EHEOHIC LS Ew»EKY

Chopped waveform owing to the theory of superposing.

-
23F o7f o=
2.2} 0.6}
21} o5} -
0.665 1.853
1.2 0.427 2.0%
13 0295 2.120
©2.01 2 0.4F 1.4 0.208 2,173
15 0.47 2.210
1.5 001 2.230
1.9+ 0.3} 1.7 0.0886 2.20
1.8 0.034 2.265
0.0176 2.245
1.8+ 0.2+
1.6+ 0.1+
el o A N
1.0 1.2 1.4 1.6 1.8 2.0

K 6.2 Vg, &voo B {R
Relation between V., and », o.

3k
mo=0.071 Viom1.8
O‘i - 9 =0.5122 Vee=1.2
or
G-
4 .
3 -
. 2
>

0.01}
8
3=
4..
3t
2..

0.001 : Lt L - . btk .

2 3 456 B10 2 3 4 6 8i 2

0 8cr " Virds oy
63 2 » X o0&
Verrsoy
. oS,
Relation between and X,.
Vcr/\s“’l

ROBEMERE L KON, RIS HiEETRE HNEnFled
Elic ks TEbEh, K (6.2) Kid,

2 ot o
*EC(L—):E . cos <E§‘Z)t’s~VHS"L’_.ESZ SnA cos« Swx
=1

3z er
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~

o]

i

3%}

@ 0

Y
(SRS

<
o w2

E

0.001¢__» L g .
152 3 456 810 2 3 45 8100 2 3
gSer

‘Qr/\;wx“a‘h/hw’

Sy, o

crAs®y

X 6. 4

. oS
Relation between —=—2— and Y.
Terrgwy

6.5 JiILBENINELATE S I OEIIC B 1T &AL
B DR FH
Example of calculation on the potential gradient at the impressed
terminal in chopping various square voltage waves.

LA . 1
|:2 sin i;llc' sin Agwg (t’—i— L;) + 3 =
b < ) 0 aQ 9 IOy -
20 o238+ (———«~+ 1)
\/ yer Vcr’\.s"-’l
E-UU‘SC,L’
cos ~r/\sw,t’—tan‘1(~—~1~”—v—-”—- )} -
L a. cr+/\slecT j’ 9 o228 ,,+( ‘TSCT 1)2
2028, 24 | — " ——
°r Verdser
o
cos {/\swlz’—tan‘l(m-————y Ver )} —cos (‘,"SCI)yEﬂvsc,cil
0Ser—Asw Vi Ver
............... (6.2)

z=1 OEE, X (6.2) OEREKE A B O THIRLERO &R
RS S - & bBFEE £ 5, I, [ ] PE LIHOERRER, =
Ty(n—1/2) (n FEEOEH) OHBHACEAD2 5D EERL,
=Tfd—7,/2 BICBRAEICETS, [ 1 NE2EHP XU 3IHD
IR Ver & (080 Vews) OB E LT, 6. 3, 6. 4 cE
2 bNBDT, HARBICER ST EFEERAE Y, EHo1#HE L
TEEROEMN TR FELTER, o=5 (e=+C,/C; C, % 1L
RO BERE, Co & oL WOBERR) & LT, siner/2
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gl

g

=1Kh3dLd, v ¥ED o=2nrx104 L L, V,=12 18, S,
=1x107%"1, 10x10%! DRHE, B IV EM X WO HE50
S=5 FTIKDWTR (6.3) DR ERESEEF 6. 5 IR, COMRER
1, PR X TS TR R TE N X VOB A IC L L CRE %
GEEMRETITE, TVEiLe A, XVEHBTRILICKE 2B
OB ERMEND,

7. RAICES CIVENER, IWiiE ToRB OB

ZIERRICE WA F T 2 8595, S VIR, X i E-Cok}
BT X - TEIERRIC S 2 2 @IS D 8 A B 23, 28380 TR AR
zﬁ);@iﬂ‘ﬁ%f:t GO X > T RS b S\, FHFRIHIL

MR o e LT, FHIicHEs & BE o B BUwic ISl L <iTh
ST ENRTES, HHX wHoBaic2ow»wik Gy - Karady JKA»
CE-TiTabTnd, Tl o U8, XWERETERRZ 1L
EDOBELOTHELTH %, ENEENRS LU, BEEXh3
HEEXR 7. 1 X5 CEnd, HMBEFCE-TR 7.2 0%
MEIY LoD X5, ZHFEROPIBEMS AL & bictb
B, WEAECET 2R/ ¢, 28 F 2 ¢ KHWTR, HEEEES
TA3D0 ta I - THRHNIBE IR O Y, BRI T

1
/ T~
g —t

/ VB Eo Ve, TN
\
\y TN

Sy N N

T ¢

—~Fe* Ver(1=cos wot’c™™)

~Ee Ve ||/

7.1 EHEOTICX 2 EHIIEOE A0 & kIR
Chopped waveform in case of standard waveform
owing to the theory of superposition.

—E Ve, {1=coswo,t €7 )
»EDIJDLL 5 OBRST

L L
®7.2 Xwigic X &A@

Potential gradient owing to chopped wave.

LERD & WK - B

MEEXVEEME D, —E, Vo, 22 WEEXML bk & &
DEMSHERT7. 20FEE D TIORTHIERE 2 b, TVEHED
BT, BN X 2 ENH i & WEEIC X 2 B mom
THEhb, HOBWRICTT X5 EiE T REIC X -T2t
T 5, 1=t D\FBR LD b, b BT BBE OB 3 EE
KRB ERbh D, BREFNTXVWEI#EC TESREE: T
NECLPHEINDIOT, HREF VTR (7. 1) 25T LIANC K
UTELDELT, BET 3,
Epmep@aalTels) oo (7.1)

EMINZ T DML R B - ap & LT, ap EREINGOBHE
EEENTICLLE>TRDLND, émﬂs’ri*@@ﬂéﬁ“i T T X
2T o DENPFAE LG, eI OB EEL LND,

ThbLDL

<—4f—£%—tz>m:;—.Ec vy (T e (7.2)

BT DMET —Ee - Ver(I—coswgt’e~?) % EIINLTC, #EH
A, —E;- Ve I o7 & & OEERAT OB NG %

—E Ve B 2T B, THiL e AT S, wj\%w “Feleda
DERKE L, S OB E LT (7.3) TREN D,

Aec(l t) T

Be= [ (Sep) o (7.3)

DL, Ser CHINT 5 WIAL o AEOFIMEITIC X > T, B
}Jllifﬂﬂ)‘/:%“m;ﬂ]’xed’ EREIc X o TROLNE, LAk oT, 7, TE
Wil LA S8 ORGSO RABE 4U, &, HEEOMICL T
F(7.1), (7.2), 7.3 ko3t (7.4 T LN D,

[de(z - t) de,(z-t)
AUe= | 4z + dx }~1

=e gt o (ay—By -+ V,

R (7.4) (1) B EINEREROBIEEOK & & | 4U,| 2M0T
Bo Ver OIERXCHEMICY > TEE Y, 1SV,<2 TH Do pe
Ok, M T REBIRCEe TR >0 TH B, LER-T,
@ BADHHICHCT [AU] BRE LR D, ap B DIERLEHERS
KkoTRED, BOBDXOMEORE CELERE 25, T
AR TR E I B AhE K RB0T, WRO R IE ¥
EIeANCS I

2,000 kVA WEIPLEROIMCHT FHMERT RT3 1
& OMEFLEL, Suml/Ty & LT B &FD LIS OTH D, Sop B
2x105~4 x 10%™ REFIC A B & B, DIEAHIT 5o Tl Ser 2
KEADE, BUHHREL LTC, C, OMEARICKAET 5

S| eewammaEs a7 L
4l
3
x
2 .
1
T3 3 45678 10° 2 3 4 567810°

Ser
® 7.3 S & B. o B 4%

Relation between S, and B,.
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bDOLELOND, @ DKECHEXEMNBEL, S AhELR
5& B kLI, op OERERRT7. 4(a)DE51CH S5, @
=42, S,=2x10%"1 3 LT Viy=10~18 KL T, U, LT\
Wi E T ORE T OBIRIE 7. 4(b) IR EN B, Ak, EHNEE 10
YOS 5 BER 014U, TH 5, e DELIC K o CHEE
RRELLD B L EEBERINATNLAE AR LRV, BROE
BREEYH4 5 X ECORM ©wn B, HEBLIWT o, 0F
DRI I B FREIEHE 7o =103 ps ICER T 5,

EVHI L A Ser, Vo BPEDLBLC LWL ST, Ten KB
% AU, oEREtT 5, B7.5 R7. 6 OERERT. Ver
HWREVEY S, ORRBEKREL, ENEROEMELR Ve, O—
WRIEIICHEINT B0 Ser DEE LTHFIOBERELRTC LI, £

ENHOIE 2,009kVA 4MEIEIE R
. a=4.2
0.8

0.6}

0 5 W (ne) 18 20 B\

-0.5 / 1S
: (a) ENIUTBIE & ap BFFRIYEEML
DO 5 10 15 20 25
) Sy =2X10° B, =3.27
Ver=1.0
—o}
4
_.3_
_4.
5}

(b) Ver 2 A 1B ADEIOROWIARE  Te T s
B 7.4 EMNSoOBMEREE X Wi -coRl, Ve, ol EH]
Potential gradient at an impressed end and time until chopping,
calculation example of V.

6l 2.005VA METFRES o =42

tem=10.3us
Ver =1.8

=5 1.6
1.4
~Ar 1.2

< 3l

Aue

o)

S S N N R R B A L I
) Scr (S'l) I
B 7.5 %o bk X wlgCcoORE cm O S, & EINEED
B EHE
S, of time until the most severe chopping r¢m and potential
gradient of the impressed end.

320

Aue

o

o 2

FTSTTTA 16 18 20
Vor
® 7.6 %o bififiin X CORRE em 0 Ve, &EINEGD
EERvA )
V., of time until the most severe chopping rem and potential
gradient of the impressed end.

_..7 -
_.5 -
<:‘ -4
__.3 -
a=3
._2 -
a=2.2 Ser=2X10°
Ver=1.2
._‘1 =
0 . . : . ; .
0 20 40 6 80 _ 100 120

tr (us)

7.7 2,000 kVA RERPEIEROWRE & 4 U, OB
Relation between the wave tail length of 2,000 kVA
shell type transformer and 4 U,.

DFFEHFA 2~5x 10871 FEIC 25T & RRETHHDTH D,

7.1 EMEEERROFE

F (D ICEoT, AU, ik ep REDERKHEC 72 5 RFHIC E W
LTy, BMIEEREAHEL, X wEiERmd T soT 4U, ©
EEBEKEE % b AV, Ton REEHEECBDL, AU OER/NE
{de LietioT, MREOHRFEbMEE A5, 7.7 12,000
kVA ZEFSR DT, HREH LAKERZRT, WHrhHiRaed
BE, WRENSE AN U, DERKEL AT EERT.
7.8k 1395 MVA OHFTBETERT o 2/hE WEEE AU, DK
BECHT 5B I kv,

7.2 ZWVERE TORE

b o &b EEE X T ETORR] Ten—1p KD TREI 2 MAT
2B, 7.1 V=12 & LT, FHERRED ren—ay 4Us O
ERRDTIERTD B, Tem—ip PIEZEERIC X > THE 5, 1
~15us RETH 5, HREDEHVEHEICE, men—1ip BEIRD
7, EPEBETR T & 2y DRDEAEFNIEICEVWTIET 5,

o, OFIBE, EEEREEERE C L > TEEY, HReT
%R 3, FEROME XY WEHE CIREIROS Lot
HETHCRBREO LIROBRETH - T, 2EKD5~15% % 5®
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Ser=2X10% (g, =1.7)

Tem—tp=26,7 s Ver=1.8
s )//’\:E:l—;
-] i H | )
10 20 30 40 50

Tt (us)

[ 7.8 1395 MVA Z'[F52 200 B340 REE & 4U,.
Wave tail length of 139.5 MVA transformer of No. 200

winding and 4U,.

® 7.1 HFLIER O emt, AU, O {F

Values of 7, —2, and 4U, of various transformers.

RIESHL | RRES | N - 5 T | tem-t» |y
MVA -2 B 5 Bs ps

20 140 # 29 1.0 —0.95

93 200 2 19.5 1 ~1.04

117.3 200 4 57 4.7 —1.44

‘ 30 70 4 30 2.6 —~1.13

% 0.9 70 " 46 3.2 —1.67

' 0.3 70 M 38 5. —1.78

Akanmgenza 70 M 37 31 —5.7

T=40us

~0.5}-

7. {us}

® 7.9 139.5 MVA ZE[RRR 200 BB v 1K X % 4U, o254t

Change of 4U, due to 7, of 1395 MVA transformer of

No. 200 winding.

g

184 &£ 23, WEVERNEEOIEAENE DT, 4U <184 D
BAECE, X HRRBEEMS 115 %k - 2k OICBEICAE S
I TH D, LichoT, dU>L8 0 & OF, SR
BoOBEFEROONL, Ok 5 RER, 7.9KEWT, Vi
=14 OEEE 7, >65us, Vi=16ps Tt 7,>416ps, V=138
TR 7.>315us Lo T, Ve OKENESICITIE S tp Wk
<o
—MEOZEERFICONT D, EUMICC DX 5 REHAAHEEEIND
DT, WEACTEAERICEHD Ve OKREVWEHER, SWEH
RO EINRET 3 L2 TEw, BHRECEWTR, R foud
BB LD V-t B & MO 1u40302 IC X o Tl
TH 355 XnHEIRE, KEARBEZERCE N TE R,
EHMUTICRIIT 2 X Wil AE2 b0 LEL LNV, B
HEREAREON R EEC s W CED b S K bIE, EIER
DEFRHEIC X > T mom OREXHFMEAERL Y, WA TN
BEVHT, Vi, 0O REWIVEZERESLELORD,

8. & T U

LITRRO X I RBRAMER L DV iTAbRL T s, o5
KOWTORFRML OB CELAD o, HHECIE X VISR
X oT, HFEBRCEZLLMEIEHEADLDOT, ThEEBRT D
YV, ¥F, TOEEIBEEEL, Bk o T, EEEREEIED
MFEEHRIC L, XWIFIEERE, &Vl coRMBZEERO
WESEE IC5 2 5 % ERMICBE L, &g, BlE: T~ &1
ERRU T A-fva—b T 5 TVEHEIBT, BRI S,
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Type DHE Magnetic Blow-out Air Circuit Breakers
with Stored Energy Mechanism

Itami Works Takeyoshi SAKURAI « Masanori ASADA

In large thermal power plants, fast transfer of bus-tie curcuits is frequently made and high speed closing of circuit breakers becomes
necessary. The conventional magnetic circuit breaker has a solenoid operated mechanism, which makes it necessary to take 0.3~0.4 sec.
in closing. To improve this time lag, a new circuit breaker with a stored energy mechanism has been developed to cut down the
closing time to 0.1 sec. This motor operated stored energy mechanism is to store the energy of closing spring and by releasing its mech-
anism to close the contacts. During the closing travel, energy of opening springs is stored. The opening is then made by releasing the

tripping spring the same as the conventional solenoid mechanism. Accordingly a compact unit with a large closing capacity is made

available.
. e DO E MRS E TR D, KHERO L MR T ARH
. £ A » & .
L TERY,

N, BEALE &Y, SR offuuzy # {7z DHE FOED REF K NREI MM, FHREAREITY EL 7
TR L = Wise ORI X4, Bharz 3 U DBRg L B, EEIEAL e WigenBTUREX N E 0T, CHICHBTD XS
HHENRTWSE, chbd L« Wi ARERICEE Y v i By AT S TETNE 2 IRV BB L Wi R IHTE L 72 DT

FARVEEEESCTT b L3 ORETTH » 7z & DT RATERD LITFICHN T 5%,

3%, HEMTAHEAL Tk & RERER R 2T SRETROL C

2. E s X U RS~
BCRADY BRI 57 £ F CRAHHIER b > TR B, S S USBT R

KEBWARRD Lo igi 2Bk EheiHs, Bki/ECLES PERD LIAF Ve O b o & LT, ek 2. 14
ETNEREBRS AR A C LR E AV, T, VLA IBEEREE 2. 1 R, IR EIN D K S IKMIBETERE - <
FERREE R R AR R A LE S LT, yL AF OTHEE Fl—TH B, CHIE YLI1F IRVEEERERT O b O ORRE - HEAlE

% 2.1 DHEMMEA L « WitEtE (U1 P IRVERIES X U RET i ERHE)

Ratings of type DHE magnetic air circuit breaker (with solenoid and stored energy mechanism).

. e | DAGRE | SCARE | SLATRE BIERTL :
M | e | WL B | g |0 M| U oo m | mag | P | A 31E im oml e ow
W PR R AR R AR AR A AT ATy SRR (B)_ Wi (A) Wik A gy | T B
(kV) (Hz) (MVA) (kA)Y (¥4 7)) (kHz) HiEgE DC 100V K3wnT (53
600 . 280
3-DHE-10 300 0.06 0.3 70 4.5 Jv 4 ¥ 550
3.6 ’600 50/60 100 43.7 16 5 20 >0 6
- 2 o .
3-DHE-10 M 200 0.06 0.1 5 3.5 M Eh 550
1,200 . 330
3-DHE-25 5600 0.06 0.3 100 4.5 Jv 4K 3
3.6 - 0/60 2 109.3 . 2 6
N T 350 50/ 50 09 40.1 5 0 : as R 330
~-DHE-25 5000 0.06 0. 5 . W 35
1,200 K 330
4-DHE-25 5550 0.06 0.3 90 4.5 v 4 ¥ pPr
4.34 : ’200 50/60 250 93.8 37.5 5 20 o 6
4-DHE-25 M 2000 0.06 0.1 5 45 |RBun 35
600 325
6-DHE~15 1,200 0.06 0.3 70 4.5 JvI4 ¥ 325
256 2,000 350 )
7.2/3. w0 50/60 150 5.5 24.1 5 20 s
4-DHE-15 M 1,200 0.06 0.1 5 4.5 "HE A 325
2,000 350
1,200 . 340
6-DHE~25 5500 0.06 0.3 70 4.5 Jv 4 ¥ e
.2 - J X . 6
RN 7 7200 50760 250 54.8 20.0 5 20 ” "y 30
- ~25 2000 0.06 0.1 5 . & a Ty
1,200 B 655
6~DHE~50 2000 0.06 0.4 95 5 v 4 F ey
2 . 0/ . . X 6
U 7 7200 50/60 500 109.3 40.1 5 20 » » o i
-DHE-5 7500 0.06 0.1 . B h w50
1,200 670
10-DHE-50 YT 0.06 0.4 90 5 APESY e
12 2 50/60 500 65.5 24.1 5 15 10A
10-DHE-50 M 1,200 12 4 BE®E 640
0- ~50 T 000 0.06 0.1 .5 BE A o5
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B 2. 1 DHE B L « Wiigsp~lk

Outline dimensions of type DHE magnetic air circuit breaker

with solenoid mechanism and stored energy mechanism.
EOBMBT ST~ & U, BHERO 5 B & L
TeDTHD, £k, FHMEIOCRIN TN D X 5 B ARHEIE 250
MU TOIBTHY, BABRMERS L1 F BRI < b~
TRER LR R>Twd, M2.2, F2. 3 CHBIRyEmibe
AL« Wi O % R T .

3. BEEB LUENME

3.1 &= 18
HHENEEEBE T S BB X Y AR WS ES L
03%&/\%%: SICE DA swF RIFL T, ‘&/\ Fho rap$-
I
lez BFUIERA
hEske & FRE B & 2 L}‘ﬁfr}ﬁ

%

s iﬁ’ Léid:.wéé/‘b

IVFIERFL 5w BT 2. —7H, WAXNEBZRATLE
RELINLRIECHEY L, WARGETFETLEAKCID VT

NHDERNEWLT 5 HDO Db H 54,
BHALTYWE, Thbb,

(1) HABNREEBLTC 10— 2h<brd

(2) FEzohi 1aut- 2t scick- T?EZ/"\EIUJ{’E%?‘?
%5, TOWABETERD, LeWHERIC 1f- k< bi b,

AT 0L E

BT IRV DHE BRI L « 75 - Bt - A

mo x| EREE LRI RRER 4 B c D | E| FlG | H | J K| L|M N|P]| Q| R
3-DHE-10 600 555 | 178 | 573 | 463 | 1,273] 19 | 472.5| 418 | 216 | 985.5| 552.5 | 196.5| 115 35 4 19
3-DHE-10 M 6 100 1,200 555 | 178 | 573 | 463 | 1,273 19 | 472.5| 418 | 216 | 985.5 | 552.5 | 196.5| 115 35 4 19
3-DHE-25 1,200 } 555 | 178 | 573 | 463 | 1,273] 19 | 472.5| 418 | 216 | 98s.5 552.5 | 196.5] 115 35 4 19
3-DHE-25 M 36 =0 2,000 | 555 | 178 | 573 | 463 | 1,273 19 | 472.5| 418 | 206 | 985.5 | 552.5 | 196.5 | 115 35 41 19
4-DHE-25 1,200 555 | 178 | 573 | 463 | 1,2731 19 | 472.5| 418 | 216 | 985.5] 552.5 | 196.5| 115 35 41 19
4-DHE-25 M % 0 2,000 555 | 178 | 573 | 463 | 1,273 19 | 472.5| 418 | 216 | 985.5] 552.5 | 196.5| 115 / 35 41 19
600 555 | 178 | 573 | 463 | 1,273 | 19 | 472.5| 418 | 216 | 985.5| 552.5 | 196.5| 115 35 4 19
6-DHE-15
3.67.2 150 1,200 555 | 178 | 573 | 463 | 1,273 | 19 | 472.5| 418 | 216 | 985.5 | 552.5 | 196.5| 115 35 41 19
6~-DHE-15 M
2,000 555 | 178 | 573 | 463 | 1,273| 19 | 472.5| 418 | 216 | 985.5 | 552.5 | 196.5 | 115 35 Q1 19
6~-DHE-25 1,200 555 | 178 | 573 | 463 | 1,273 19 | 472.5| 418 | 216 | 985.5] 552.5 | 196.5| 115 35 4 19
6-DHE-25 M 7 20 2,000 555 | 178 | 573 | 463 | 1,273 | 19 | 472.5| 418 | 216 | 985.5| 552.5| 196.5| 115 35 4 19
6~DHE-50 1,200 790 | 254 | 803 | 626 | 1,547 | 20 | 650.5] 502 | 254 | 985.5| 769.5 | 239.5| 83 35 4 45
6-DHE-50 M 2 500 2,000 790 | 254 | 803 | 626 | 1,547 | 20 | 650.5| 502 | 254 | 985.5 769.5| 239.5| 83 35 41 45
10-DHE-~50 1,200 790 | 254 | 803 | 626 | 1,547 | 20 | 650.5| 502 | 254 | 985.5| 769.5 | 239.5| 83 35 41 45
10-DHE-50 M " 50 2,000 790 | 254 | 803 | 626 | 1,547 | 20 | 650.51 502 | 254 | 985.5| 769.5| 239.5| &3 35 4 45
] I =
4 i
! ]
: J 2.2 3-DHE-25, 36kV 250 MVA

1200 A BT E R VEEE RIS &
B L« Wies
Rear view of type 3-DHE-25 3.6 kV
250 MVA 1,200 A magnetic air circuit
breaker with stored energy mechanism.

® 2.3 3-DHE-25, 3.6
kV 250 MVA
1200 A I N
TRVEBERESL &
KL Win
Front view of type
3-DHE-25 3.6kV
250 MVA 1,200 A
magnetic air circuit
breaker with stored
energy mechanism.
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452 KRB Z v F 462 BAN
453 IThrs vy 464 B1EIXFLEF YT
454 DI 465 BlXETLI v F

472 THFF L -
477 A DS EDE
809 AWM A

455 75 v sk 466 FlERT LML 810 5l x ¥ LBMA
456 £ # 467 Y v 7 812 B Y 1 v+ AL v F
457 WEo® 468 £ v 7

458 REio® 469 Hhua -

3.1 oW i EE MO NS

Schematic constructional view of stored energy mechanism.
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451 A D H 457 BREHD® 463 1R T L — 4
452 Ehls s v+ 458 Ri5o0 475 £ v
453 nor v 459 WhsIvse—7 476 1w
454 Dw il 460 $KAMIA ¥ F vy 2 809 X AT R
455 75 v 78 461 HEELKE
456 = @ 462 AL H
(a) LWidk B EhEs () L oW M whus
(b) L +Midk “P” WhEHy (d) L «Wisk “H” iThms

B 3.3 oniis X AR
Schematic constructional view of stored energy
mechanism spring charging parts.
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3.2 Db B ER R B

Bottom view of stored energy mechanism.

(d) '
313 MBI 465 51 EETLT v F 469 ) Lu—-F
455 2 7 v sl 466 FlEXT LA A 470 A 2
456 & 467 Y v 7 471 I HL -
64 BlERTLE I 468 1Y v 7 810 3l ¥ ¥ LKA
(a) Lol Bl dnisy () LoWrss B Ehis
(b) L= Wias B EhEn d) LWl “B” EhEs

B 3.4 A N6 BXUTIERT LN
Schematic constructional view of stored energy mechanism
closing cam and tripping linkage.
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Connection diagram of stored energy mechanism.

3.6 HATLHESHTFH AL EEZSALLLL S
Manual operating handle for closing spring charging.
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4. 1 FsE
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b CHARESEOT, BEHEFEET 2H B 0-0.35 F-CO-3
53-CO OEHH DBRFHCHELT LB TED
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¥ 4.1 K 4-DHE-2S M O EH#EER L « Wi gk L CIARE
HEERERL, %4 3 6-DHE-SOMIED 2% RT, 4. 1
~4. 4 ZThbD tvnds6 BRLTWS, ThbDHBRET ST

X 4.1 4-DHE-25M Jf 4.34 kV 250 MVA o

L+ Bk 420554
Oscillogram at 4.34 kV 250 MVA interrupting test
on type 4-DHE-25M breaker.

R R RN RN R S R RN R AR AR
__Afg@

X 4.2 4-DHE-25 M B ARE: tv0d54
Oscillograms of closing and latching capability test

on type 4-DHE-25 M breaker.
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Oscillogram of 7.2kV 500 MVA interrupting test
on type 6-DHE-50 M breaker.
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X 4.4 6-DHE-50 M E#AREBD 00754
Oscillograms of closing and latching capability test

on type 6-DHE-50 M breaker.

#F 4.1 4-DHE-25 M SiEH L « Mk & A BBHER
Test result of short circuit interrupting and closing and latching capability of type 4-DHE-25 M breaker.

(kA) &%) (FArr) | (470 (HA 27 r)
94293 V A 40.0 57 0.9 2.8
001 O 4.341.15 100 B 40.3 4 1.9 0.75 2.65 - 300
C 39.5 53 0.9 2.8
A 104
002 4.34 —_ B — _ — — — 92 —_
? C 66
3%
& A 104
003 4.34 — B — - — — — 92 —
C ~ 66
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F 4.2 6-DHE-50 M 4G#& R L « Wi 3 X U A SERE 20
Test result of short circuit interrupting and closing and latching capability of type 6-DHE-50 M breaker.
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Tracking Resistance of Some Epoxy Resins

Central Research Laboratory

Hideaki KUSAKAWA - Osamu HASHIMOTO

Described in this paper is “the recent research on tracking phenomena and their testing methods for the electrical insulators” comp-

lied by the Institute of Electrical Engineers of Japan in brief. The tracking resistance of some epoxy resin is also reported herein.

Although the tracking phenomena is one of carbonizing reactance, there are few articles worked out from the viewpoint of chemical

research or engineering. This is due to the fact that the tracking on the surface of insulator is too complicated to set up testing methods

Recently one fundamental point of the tracking is suggested and the testing methods have been brought under investigation. It seems

that if the research of the tracking phenomena is made to clarify their relationship with chemical structure by taking the pbenomena for

granted as chemical reaction, the tracking resistance of electrical insulators will be greatly improved.
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Voltage of tracking (V)
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_ Results of outdoor exposed tracking and erosion test.
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Time to Fail Tracking or Time to Faill Tracking or
(day | Erosion ay Erosion
828/NMA 6 tracking >a00 | SHERE e
828/HHPASio"(300) 350 tracking >400 excellent
B}S’Ef;&% H20(360) >400 _good >400 excellent
izf}:ng.PsAHﬂoo(sso) >400 excellent >400 excellent
ey 175/}_{EE)A 261 eroded e ——
cY 175/H%§J& (200) >400 eroding >590 S?:Cpksurface
%Y]vzglengfé (400) >400 excellent =590 excellent
Porcelain >400 excellent /
Glass [— — //
- /
Teflon >400 excellent / /
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Mechanical strength of some epoxy resin and their
tracking resistance.

| Ess Ccy 175 | El0or 1 oy g C 221
.Sample CY &2 :
| HHPA | HHPA Ghpe | HHPA | HHPA

Accelerator BOMA DY 0é5 DY 065 DY 065 e
Cure condition | 89°/3hr | 80°3hr | 80°10hr | 80°/10hr | 120°/8hr

-H120°/3 hr |-+120°/16 hr [+120°/16 hr |[+120°/16 hr | +160°/6 hr

Tensile sfrenéth

4~5 3~4 5~6 4~6 T 3~4

(kg/mm?) )

(kg/mm?) 14~16 5~6 L 14~16 14~16 5~6
Impact - N N N N

(kg/cm?) 6~9 3~6 13~15 13~15 3~5
Weight loss
by erosion 21.6 4.7 5.2 4.7 2.5

(mg)

#® 5.2 WLGERICLD rSwfud ~DORE

Effect of cure accelerator on tracking.

'Epoxy ] Cure agent Accelator ' "Cure condition W’ei(gmhtg)loss
221 HHPA nor 120°/3 hr+160°/6 hr 2.5
221 - HHPA DY 065 80°/3 hr--120°/16 hr 4.

% 5.3 BHLBHERIO Fowvtod ~0pE

Effect of some curing accelerators or tracking.

Epoxyresin [ Accelator Weight loss (mg)
2214+HHPA e 2.5
2214+HHPA BDMA 0.5 (phr) 6.0
2214+HHPA BDMA 1 (phr) 6.2
221+HHPA BDMA 2 (phr) 6.4
221+HHPA BDMA 4 (phr) 7.1
221-++HHPA TEA 075 6.3
221+HHPA DMA 0.9 5.1
2214-HHPA DY 065 6 4.1
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6. TRFVBERCEINAFTEREC NS o+ o

E2oz-1 A DWEFERICAERM L 2-2-5- (4~ FDH@) Y
20nFLF0Ry GIFFAKER Ea2z/-0 A) % 18200EF)y & KIS
+T, KR E22z0-L A, $5YuTLI-F7 GKiE 828) £0< b,
IHE IED-F 828 L OFOFWCHMB L T, —HRE{ LR D Mk
L BEE YLD Sk Dau BEE 2 ESICEE, BB 5. © 5
LT oty BIEO OB EE# 22 THIlETIcE T h 2 358
DEE, toufod e OHBMEJH~E 6. 1 17 LA X 5 Ak
T RTeo HBE L 1ty BIEDR &RE6. 1 IE L%,
COMBREYDEDC L bk B
0 M, PCE iﬂfc?}‘@gﬂl@ L Xo>T, it Fowtod B
NWHEDOBLELDETEZL LT ERTED, DL EAVE If
oy BEROBEEREEO T 0L, FHIC k> THLT O LI,
BL L7 1ty BB & TN 2 FBERHOBRIZFALTH, M FSwts
FHICEZ 5 FEAR T Th v, Tob b 1h+y Mlad o f5E
Bt bswotod ORI Ric, BHEHIFRORRIE L b b B % <,

Rty BHEOM Fswos - B - A

CREE L oAty BIIRD b5y

Z 304

=

E

o

:1

Z oo

<

3]

2 1.al
20

Weight of phenyl group in resin{100g) (g)

B 6. 1 BlERICEENLEFTRRE (5ot BIE
Plots of tracking voltage vs. phenyl group welght
on epoxy reSm

- 3.0p

<

>

=11)

£

-

S 20k

£

5

% 5 ‘ : ;
=] H i

3 T 0.43 0.50 0.52 0.54
=

AHcarbon/dHcpd
K62 WIEORICEB E rswtydEF

Plots of tracking voltage vs. carbon forming tendency
on epoxy resins.

& 6.1 WMo ity Bl @A & oAt
Samples and their combination ratio between epoxy
and curing agent.

Sample a b c l d ] e } f g h ' i l j
Epon 828 100 {100 {100 | 100 |100 | 75 | 50 | 25 | 75 | 75
Hydmedaza 25 | 50 | 75 | 25 | 25
szhf;écﬁ de | 80 | 60 | 40 7 80 | 80 | e | 60 4:
Hexahydro 20 | 40 | 40 | 80 20 | 40
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Breakdown Phenomena between Metallic Electrodes in High Vacuum (I)

Central Research Laboratory

Toshimitsu AKIBA « Kouichi TAKAKURA
K6jyu UEDA - Humihiko ISOGAI

Practical breakdown voltage limits between metallic electrodes have been obtained by measurements on dark currents and average

breakdown voltages at 1~5mm gaps in a clear vacuum of 10~8 torr by means of the extreme value statistical treatment.

The metallic electrodes consist of a plate as an anode and a semi-sphere as a cathode.

An average breakdown voltage between oxygen-free copper electrodes at 1 mm gap is about 70V and about 100 kV between stainless

steel electrodes at the same gap.

A 509¢ saturated breakdown voltage after conditioning calculated from measured breakdown voltages through the extreme value treat-

ment, agrees well with the average value of breakdown voltages.

A 0.059% breakdown voltage (breakdown voltage) is determined with accuracy of about one part to ten.

The microscopic electric field right before breakdown is nearby of a constant value (~1%10% V/cm) independent of breakdown

voltage between electrodes of definite shapes.
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Block diagram of vacuum apparatus.

2.2 R Electrodes.
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