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COVER :

Electric Car in Chopper Control with Reverse Conducting Thyristors

Choppers for railway service have entered into practical operation. Their economic values (their weight, dimens-
ions and costs) are now made much of increasingly. To cope with the situation it is on the trend of simplifying the
circuits and reducing the number of semiconductor devices.

Study is being made as one of countermoves on a circuit system of employing reverse conducting thyristors, which
have the same characteristics as one in anti parallel combination with a diode. This device is applicable to service of
a wide range such as to various inverters as well as to the thyristor chopper. The particulars shall be referred to the

article entitled “Fast Switching Reverse Conducting Thyristors”.
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DC Electric Trains for R.E. N. F. E.

Takeshi SAKURADA - Motohiko TAKEUCHI « Yasuhisa FURUTA - Shigeru KOYAMA

For delivery to the Spanish National Railways Mitsubishi was successful in receiving orders for electric locomotives recently. Follo-

wing them another order on electric trains consisting of 20 unit cars has been given to the Company. In order to pursue the principle

of the apparatus to be completed by the manufactures in Spain, the tender was submitted in cooperation with Spanish Westinghouse,

electrical manufacture there, and CAF Co. car builder. The business has been transacted in a form of Mitsubishi exporting technique

by supplying drawings and manufacturing process of electric apparatus to Spanish Westinghouse. In fact, Mitsubishi builds electric

apparatus for one car and the rest of the equipment is constructed in Spain. The trolley voltage of a double system, 3,000/1,500 V, not

found in Japan is employed. The capacity of the cars is 1,160 kW in the basic composition of MT, the train operating at 140km/h at

the maximum.
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2”1 FCiE, THE 3,000V 3= XU 1,600V o 2 Fiffo EEH
KARAEN TV EOTC, EbLDOEMTY F - 7%k { Fl—D HfEs
FTE 5 X5 2B, WEoREHcR > Tw 2,

(2) KEBEOREDR L WN ERJ)

TETE AL 290 kW Gilifd) & S BHHE LTRIBEAH TS
573, BT o1 it 252 H o 3,000 V g% fiic LT/hH -
LR &2 > T B, BEHFRE, e 5 (WN 1T yud)
i WN BRT FR R 00 Le 7S, TEEMHE LCRIEEE AR
EEHTEIDE AT,

So# T (i

(3) HEIERAHEER IR

COBHICE 1700F1uat—- BWY fIFohTe Y, choEHE
L UCHUTT BB A b, EEFEEEE 140kVA w5 3,000V
HE LT DAERARREORSERHTH 5, £, 3,000V & 1,500
V OfREClllE X4 5 0T, BIEIEERTREE L, EiE
DOUHEZ % T > T b,

(4) BEE»LORE JL-—F i

40km/h OREREIERE X ) BE Ju-+ #hT o, 10kmh
DR T CIRAT 2. C OBA, EEDESEEECE 2 0%
0 57cwic, Mpg cREREBiHEE TR o T i, KE I+ K
D F-F BAOILL LA D 2T 2 b1 FHpEE2TR> T
3o
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(5) EFEE Ju—+ HiliH
SHHHCH S TH ¢ 5 BvnEBlEE Wi, EBIEFORE
o TERE D Asuz HECMERE Su-+ B0 b s X5k & -
Twnd,

(6) Bl m e s g

MBRFERGE A & Ui s 1,100 kW o s 2S5 &
WHAETFICHA, 180m¥/min, 50 mmAq jZiE 0B EEE 2 JEChH
P> CTwd, RIEMEEAEEEBER AE s K UL Ju
-+ HREHPIEIEE b T b,

(7)o s s AL )

FHEO RGNS % 1 Uw,  HIEINER IA R el sl L <
PERER L& PO RISLE B - T b MEESHIEBETEE Tyt
WL, Fuzd deal Br-a KD TMELE D> T
%o

2.2 % HE

ORI, T axkry BEFk R E o BB hE > CRFM I X
N, HigE LTk UIC o-F (G 5 285 AWM shTwn
5o

BIC X > CTHER SN A BHM AT D E DL Y TH B,
(1) f #
(a) BAWERIEWTOAL & YROBERTELC

(1) EHBOPER AT I N T 140 km/h
(i) kY 20%Z5FNIKEA T 65 kmjh

(b) BEHEOEBMBIEE 20kn/h/s I Lo &
(2) 3%E I+
(a) M0km/h CERIBLTLILECE
(b)) WO LR KRR IC 5T
(1) 22%DTFThzsFWT, hhm/h % & L LW {TEOH

BRiehbC &

o
ey
s 1 [ £ ]
Yo 20 40 100 120 140
{km/h)
\ ) . . ; .
o] 50 100 250 300 350
{A/Motor)
2.1 EHHEAELE
Train performance curves.
430

(i) 45%DTh i 5iFnw, 50km/h %z & AW EEOHE
i b o &

(i) BEIREC X - <, 85 km/h 35 X 095 km/h o)
s c

2. Vi oMyl 4, 2. LicEiioaREgE, FM2. 2
T JwT tER % 8T 7.

2.3 EEOER L HIEHERX

2.3.1 =A%

X xR L5, 3000V ¢ 1500V offEECR-—EhE%
BATREA LR WO T, FHEIMEO L TERLE 1,500 V i L,
CHEF2. 3ICRT &9 CEBTEIICIE U IR R R, 3,000V
i 2S-2P 1c, L1500V Tl 1S-4 P {2 Fhlul s A u i
AHNB L5 RoTnd, $h, HKEEDD & TREMEE DR
FIEEATE B L5 A>Tl Y, b hoateF LU ED €
NoafwF KLY DED 2597 HEHF LTV D,

T

149

120 - iz

w E (A Moetor)

(a) J1 1%

JFESe

50 100 150 200 250 300 350
& 7 (A/Motor)
(b) i

2.2 w7 il #
Notching curves.
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PR2
[N . 5y P"@ ey

rw@

15 o [ 3000V jit
Pan PR2 vVCiz i
£ r ‘. = luitet]- @
f ] MFZ (D) {

o m{’”’
s

‘)ltll i

L2 13 Ly L
i -
|

[

16752
Ve g

*® 2.1

Principal data.

U

vz ()

HoR N R DC 1,500V i Xt 3,000V
#h i} 1,668 mm
B4 B OX MT
i H Mt 67.5t, T it 52.5¢
TEERE (Gligd)

i N 1,160 kW

ok Mo 75 km/h

g1 8 o 5,550 kg

feowy oW 140 km/h
# oo 74/237:3.22

1,000 mm

WN Bigh s

LR o M WIAHEE 480 B HEEIMR
MOoE s 290 kW 1,500V 210A

1,450 rpm (80 % F)
BOEIE 70 » Uy
HAAXA v FRK
[BEIHEESEN
J K BEIE 289 220V EE 72V
oW R B 140 kVA DC 1,500 V/3,000 V

wWos oK BRI

R 7 v — &

~
E:1
b

AC 220V “ZHl 50Hz 3,500 rpm
:?i;}l LH  2x4kW 220V

10kW DC 72V 120 A 1,500 rpm

0.75kW DC 72V 14A 1,500rpm

2 P B TR - A - 4PN - 35T

- il

Pan
V> Ve
;@\yv MRe}-(D-
et L (17
HB  MS| \Cl“PB” i
-0 0 rv@-o—@ - —{MRe2 pm
i Ly (pg
L3
=P =G
i \,C.'aPBJ
~{MRed - «—w J
‘\'{“iJ ‘ :

PRIVCE

— [0 -

vei?

i T O
1.5 ME2 LIS S
@ S .
L

|

Pan Ny BRTTT MRe
HB ".} HUE L o 3 vC
MS K“I% A o B JJH:M W =< A v
L } P.G.S. #leahlizg »+
LRe PR TLRE BRe B
M LRI T E B itk
MF Ervig -3
B 2.3 RElpRiEg o
Simplified main circuit diagram.
IfT HH) 21 w7 13 25,3
NEFY 21077 8 2757
B 42757
T i 12553
Y18 13 2557
D mg T 12w b XS LTA B h i, chvb % EH)
e &5 X5 EATNCYMRZ THUHT 5 DT, AMFOPHETHEDT

M%ﬂ%b&<f%,m¢
TAF oD G £

L7zo 50 B 4 BT

Fiosd LT LWl R bt 5,
i, GIERIOETA DA FUws D HEk R
TA0 Y FI F T 5. JEHE Ju-+ T
2HoREDHEE 1L L, T J%’fﬁm’@ﬁﬂ% L, 2
td 57\75 %7‘5?[2@)55‘2"%]%fliﬂEb’E%}k Ju—F JHIE DI L}.’:\:’?’ﬂ‘ Lfféﬂiﬂ
EEiR B 2 b 3

g Ju-%

%hﬁk%ﬁf%, maarw;am“umf@
T R Z TR > Tnde ZOEE, Ju—F RO kasy %

HBHCTHRDICTHIIEZTTRS X5 Ao Tnb.
2.3.2 H#EEpEK
ZESIRIBER - BRI - T IR - U eottT - 4

Peslilis i, vt d MOKVA oEFESFER O e (220
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V) #EHE LTk, ZeSUTHERE - MlhZeEmbE - BlsEEi,
HHAN BRI LT DC 72V CTHH LTV %,

EHEithix 192 Ah, 55ty @ puhy Bilhe, BEFEEEEORGRLE
BroEEERL B ORUEE S, WHEBERE 6T 2
Edic, BYEIERFEOBETIC X 2 IHFFORS, & bICHER
ECEBFBEBAEIL L e, LEUERE TS 1R
MiCh > CHE X 42 ERNTEB LS CE>TW5, BHRE
BEZHEOBEHEE 1 BORER LD It Y, FERELEKC
EUT2HEOBUROEMINTML 274 5. FREFIREVED,
BRI 3 BICHIE LT e A QO EEMR M X AT 2,

2. 3.3 HIHEK

RGO, SEELAEIH A 210F BIFELCIT 2 5 B EUMHR
AHREBFERL, BERGSEEZ R CEEER L Tw 3. NfT
IRF oD IR VG EIE S BT 2. 2 wF 1K X Y IR (e=22km/b/s) 35
L UMEINE DR AT EEE & - T B,

F7z, DT wF A0 RHC BRI U« W, Bl 2 Hific g5t
WE5D L« Wiaxfia -, HfT - §ll 42 Mo o vaws IR
LT3, BTG - hoe—s BREIEEE - EER R E -
BE IR - i) - 2EEREHIEEE, 35T 1Yz
2 BV 20707 SR LA REARB KL, RToESIL
&R % M- 7o

2.3, 4 {RtHst

SERIEOE S X R EROMS IR, ERERBENLT
WEABHHRART b T w5 IR, 22 - #iPEKicE, Z=ERK
HARIE S 8 b, @B o AT BE A EH BT sl T %
bo TNOLOHEWEBM L 2BEICE, HhICHEHRE L« Higkd &
Uit es 2 Blis 5. BT R X UZeiiiE, LR HHCHRY
N e HERBROBEL BN CE-TRINL, JoF 12 T 2.
Fl—% HOBEE G EEBEEE» B RN L TR 2.
chbo@Enic, THEHRORE RS X UEBIFRREO NIV ELY
HiF 27 & bfThoTn3, Tivb OB G T~ T s g
TR S, BWRIEL 5. ¥, ERLHEEHA LT
TEELER T 5,

FAEBNENERS - BRI - Bk 1oA-2 BEUw, TR
BOREZ ) ~ba-A Leliiftic X o Tn5,

3. FEEMES JUEHRER

3.1 =TI

EHM L, STERE 1,500 V @it 290 kW & w5 il
e LTREABROIEBIEN 4 EHE I TR B,

FEBEEE LTRBECHANT, Coks ARRESMTEER
BB BBENOR LN a2 WICRET 57200, FEA -
S IOV TR R TR » €, WNBRTIH=C X 5 B—38i T
OHEHRNEEEE A Lo

TEBEOEEZE 3. 1 icpd,. K 3.1 @i 3.2
ANBAEERTH 5, COREHROMERXOEFOHMTD 5,

(1) FEET o BEREE L, BHETE - BRETRERRK
RiIC & » T, BRZEEER T FER BEERT2RENIC W
BYX51C ke %7z, B 21 BEETHEL LTEEER KE
LD, EffFewd F AV #oud L LTHADVTAEB A,
FEIEE €0 BE /& L, HTRORIERRERIE 40 % ¥
BeTH Y, ¥k MOkmh oG ATR SL-+ RAHETS 5,
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%31 MB-3165-A Jp 2 L 1 4 % B
Principal data of type MB-3165-A traction motor.

i £ MB-3165-A
il Y HHREAEA
i ® 4
b} ) ¥ oy Bt
# ¥k K s
1 % it il W H A, AMF R
GE # i ] 1o
i 1 290 kW 320 kW
i = 1,500 V 1,500 V
ke it 210 A 232 A
[al [ # 1,450 rpm 1,400 rpm
5 i3 # 80% F 80 %
o B g B 3,120 rpm
wmoo® WA 8,750 V
1,000mml cal 60 mm)
2}
ok -13,200
A0 L Ak . N
140 7 2,800 5
!
A
120k 2,400 ~
S0l 2,000
a0k = 1,600 <~
&0t 1,200 =
A0l - 800
20+ -{ 400
ot : . ’ 0
50 100 150 200 256 300 3580
T {A)
3.1 TR
Traction motor characteristics.
3.2 MB-3165-A J¢ L5EBIE
Type MB-3165-A traction motor.
(2) 3000V #i#ETH 5o LHEEHEE LT Jswon® (i#h £
Uz F HEEED, Ao (T Rz F IS o) A & OEGE
PSR R T Lot LW isis oass RERFILC, MWL - 200

* B LA vtk W
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P EREROR LR B o Twd, ¥, MEEKI: IR+ BlEC X 3
FRTEAREZITAR T, 2 L 2—KEILLCn3 DT,
BRI - WP EERE - Wikt - TSR Chuic B b & b
OTHEZRDDO L > T,

(3) EEMTCIE vog i X 2imIE ARSI R LT,
T - R O R B E R B . E 72, BERIT SY & TEH
Ta1n & TIG JEEIC X b B L 7eo

(4) 3,000V {50 % DICHHLERAH B OT, oAkl

JEEHERT 2201, 27u OBKERER LTlIIA 27v & L.

AATE TR O e A & ULc 5ERIE UIC 610 1 HEM L7e . 5
fERE Wb BRI, S 5’1 AP A riui‘fﬁ:f‘i Fd o
2 U e #5300 s ClE RIS LA R et L
DHEHBD LETD - 7%,

3.2 BHREH

TETFEER AR 3,000 V/1,500V 0ZEE TS AC 220V jcZs
1 ? b DT, HEHEEAOBREEMab e, i

¥
RS - AR A k@hf DOERT) TR B, IEEEE s KU R
"‘E@:@ﬂizﬁﬁk U CHi &

TS ;m%é@/f:l:!f?féfxﬁ 3.2, HE%E 3. 3w

TEHE 3,000 V X[l & 2 BRFERE TH 5 7, i dizt
IR Q CHEIALILTWwA R, 2F0 XS BFERF LT
w35,

(1) 3,000V JHOBEHFREEE L RbAERAERTD 5.

(2) 3000V & 1,500V offj KI-ciiilis L2 o-C, RET

B TS e U, EIESIOUHRZ 21T - T B

(3) ZEBVEIEAS 3,600V % & 2,000 V(%1% 1,800 V 7s 5 1,000
V) ECEMHIcZ LT 50, Wb 2HE LTT&&,{\'O);ML
Dl F s e bic, BETERCAABIIEIE 25 ALTHE

% 3.2 MG-103-5 Jg H W 78 W 4% B E
Principal data of type MG-108-S type gengrdtor

oW B ] T (A~

i 4 MG-108-S
e B AT 150 kW i I 140kVA
6 1 DC 3,000 V1,500 V AC 220V
i i 50/100 A 368 A
i1 R N ZiHl S0 He
@ R #* 1,500 rpm
i i 4 4
¥ e MigsE Gt 2 W HBES & 28
# i F F
5E ## b3 &2

! 2 N DR 13 2 BB

’ o i 3,145kg

X 3.3 MG-108-S 7 FER T LS

Type MG-108-8 Motor generator.

21w FIG BRI + U - 11p + 70 - /L

T E & 2, WEORZE LT 2 @R OUGhE B » T
3o

(4) FEREMAEBREERRESN & T, IO RHEE AR
Fr X UERHO Nﬁj X T, 1,650rpm 7 b 1,387 rpm ¥ T
LCh FEhisT % 230V i 200V, BB 55Hz sk
47 Hz o fipaic ;ﬂnﬂ'fké X<

(5)  Hliic 1k R > 7 0 B O IIPHR R R T T B

4 #Hl @ EE

he SRR & R 2 B R 4. L KT Thbidn
Fhd 3,000V [EHAH zt;&; . gﬁﬂ'f’li‘éﬂfc b DT, REFEBROES
1L, HBFNOEERT A bR TV,

4.1 BEffExA vF

WFHEEE - HlED & afwr HICHH T 3 EREZRIUEIN 21
wF 1T, EH 3,000V JHE L2 5T w03, MJIZRUGHL 2
IV AEMAT, F-ooa—b T SR MR A3 2 a4l
AL, 500 A JEHERK DS O-T 3,600V 2,000 A B EoF kL
w WIHERER T LT\ 8o BV 2107 1, TERBIIRVEIC X D JERZESR
% vYod PICAHE L C s T- % 1740, €2ty OTEICH
W7 1vrows ZIRATL, GIEBEEORE 1755 C & HRTE 5,
i, T OHEL ATeT EHBNCHIA LB 20T © 7—2
- B-TERCEE L b DTH 5,

4.2 WixHLIEALEE

D he HEEREE, @UTERE DC 3,000 V o iliingg - Tt

& 41 s —
List of principal control '1ppc1ratus.

# m | R wlomoo®
WL ML-10-412 4.3, 4.4

Wl %4 » 7| UP-3501 A L'NS,L“I’A G| 300V 500A | @4l
Wz x4 w # | UP-3201A |Ls, L, 1 | 3,000V 200 A —
RPN M 8% EW-11 A-22 LRe — e
M T R
1 I ER A CB-~55C-1
noa 4w F|UCS500 |R, F, DE | 3,000V 55 A —
4 b5% A4 » F | UCB-S500 | F 3,000 V 220 A —
Wiy sxA »F | UC-S381 RV, DE 3,000V 300 A 4.2

<l

3
i

N A o — K P21 PMi.2 100V 120W -
T o W B | FC-704 ve — —
ClE oW 8 W w ) UG-S74T - — ® 4.7
¥ g Ak £ MS-511~ 4,10,
ol owm s oo 513 - - B4 10,

% (%) Al

N . 3,000V

3 | 3 % | RB-1017 MRe, BRa Viookw | B4.8
2 @ M 8 # KL-1003 — | - 4.9

4.1 UP-3501-A ¢ Hifir

4.2 UC-S 38198 MK ozt
ATwF vF

Type UP-3501-A unit
switch.

Type UC-S 381 cam switch.
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B 4.3 ML-10-412 5 [k Gl
Type ML-10-412 line breaker box.

4.4 ML- 10 412 e Wt aRd (S
Type ML-10-412 line breaker box.

B 4.5 CB-55C-1 9 Rz (L)
Type CB-55C~1 main controller box.

4.6 CB-55C-1 ¢ kil (L)
Type CB-55C~1 main controller box.

PRINE LTI ENZd O TH 5. G0 T O he BT
DHIN (B Bemim e X ¢ 254, BAROTRY 208 TH
REPAS (A DEE S A TERERZ R B D RERD 27225, 4
L d ok, A - Bl b o 2280 e T4 5 X5 KT
TEIT-A R F Rk A I LT 5.
4.3 BrifeRiE
WITEARFE I ANT 2107 10 A, IFERRRAT CR 4% 1 3 X CFHHI
DO PEFHEHUET L THER 2T w B, Wisen S X HL I i
T T3k, FNFEORER L IEFERRII, EMTEIT
3000V (it 2 5 5 & 5 i+ A HERMEER R L Twn %,
BRI ED X 5 AFEAH LT 5,
(1) #lly 7—o 3 LKL A Y, FRP @—{KERO S 0%
L7,
(2) (DRI LzYic, [ijiioskhzr
BTE, ST ELHIC L
(3) 7o WRINE R TR AR RICH Lo
4.4 EHiEzE
AR A A TEFEUMRRR Fhi L7 7o oI, K¥ & - d@idike dic
MO E o7 (8 4,480 mm, Fifk 1,540 keg),

KRR 32 &

434

B 4.7 UG-S741 JE Wil s
Type UG-S 741 auxiliary relay.

4.8 RB~1017 ¢ JAEHLRRF
Type RB-1017 main resistor box.

B 4.9 KL-1003 1§ Az e
Type KL~1003 master controller
,:;,,:, SR, D2 he PEMER R DU HERE AR - AERS - LT
- tLu SRR S L OMIE BT LT D o SHBIILL S~ T
:Mﬂtf*, BRI X D, BRI AT X D SAA T Bo
FEEEIR S 2 QT 2R=2 I LWERIETH » 228, he Tl
#E 4.5, 4 6 ICRT LS ICH :,lfmci LRI, kAR
TR D BRI L A o 7. HEBURIED - B4 hJuﬁUH he FEIERC
AP 23 50T, BEBERIDoTH F=oi-A LAVWES I
BUp UZeo (OMBERNE A —o$P 2 Beodi 2 L, ho pe2 b 13 60 mm
DEHBHRZEO Y O L LT ve2t DDIEOW L he OW 5T
k&2 Bhil L.
4.5 xiEsE
IR MRS RIE 2 774 5 e BT, Gﬁﬁ(!ﬂ mm o e 1,100
kW LS KERO YD TH 5, 550 Tt FEEHUEEA T2
THEAHHD X WiF 30 mm D gk vos OFER WH LT Wb, A
MEAZHEALARY, THENOHPICH 17 OIS 120 b 235N
INTnD, K 1teb KERIERINGGR A, RERRBER O
HEkiTho T3,
4. 6 ErHlEZE
B AvEL BIET, —20 pufL THITE & CIsHs s o
PR TR CENTEB LS AR->THY, NN JuF, [H
- HFIFTO BB (2B « M - BFNFH0IE (4 JwTF BLT T
U=t DD - (fH - B L LDK JuF 2 LTS, NITPR
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R 4. 10 MS3-512 AS iz i 658 (IF]]
Type MS-512 AS static control pdclxag e.

4. 11 MS-512 AS I b s iy (gL
Type MS-512 AS static control package.

WD IED JuF 1T LD M v A5ua2E—F SHRATHETS 5, SU
=+ Y F 3 & Lot ed auf A b TR B AT E, 2
IR O FHICH T bR S & LB L b Haiiciit b o
fEEIC V82— FTHXHICTETW D,

4.7 s

FRICEE B e T USRI - TR & oo dd S e
o Y1925 3 XU 7~ b TN DIERESRIE & 72 2 434 &
IR EF I L TR D, KMOBAZHC DT, [
LEN Tz, i b DM IEENE, ZR TS rur el
BEI, EREEICHS b Twn B,

o BR B ¥ B
BBV OWH AR 5. 1 ICRT. £, Frazoh OIEE B
5.1 éC?J\"g“C
FP1zob Q& BDa-1 9, A0 26" o Eifi & Wil Uiy 3 -]
DRBDE Lice T, 254-37u50 WIS HRII LT 252+ i

28w T RS - B - TR - T - L

x51 MBEEER

Principal data of driving unit.

¥ v o= o= oy b B4 WN-1055-AF
1 # It 74/23
MO e Y . o~ 9

i 71 # 26°

el C h b 20°

=
=

585kg

X

F¥Y v 7Y v oy

WN-2577-FR3

£
i e 60 kg

B 5.1 WN-1055-AF J§ i
Type WN-1035-Al reduction gear unit.

i KEL LCnD,
P hoduod BHEE 2B o5vzud & LT, /BRI A DS B4

7 b AREfiEd) - ZRE R i T B,

6. & ¢ U

Bl b TN <Th Ly, coflic0fED B ER O
e ilieiioo KEERRE D DO CEINNIO 5 bl b UMC G
B X T D5, TCHE B D 0)’%JJ}UJ0)H£ LT =
RO T 5 1) TR WERI 45 452 5 J iRl &
v, BT 2800 THERHLE LT “Jb> BN T w5, S 16l
F LU0 OB LEBIdIC oD wT, 231y EEkick LCid =i
F Wil & 7 2 SO EHE 23, MEE A5 Hbitv, 2 ha
IC[ADET LA O EDECkIC WO X, TEHJHTEE
i, S DICIL ORI E T h B N CHERS 2 Holthb AL &
T THE B E v,
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The Newest Automatic Train Control Equipment Aboard Trains

Kamakura Works

Takao MUTO
Hiromi KANEKO « Masaaki ISHIMOTO

Itami Works

The traffic volume is ever on the increase in J. N. R. and private railways. To cope with it every possible means is taken such as

construction of new lines, employment of trains with high performance and curtailment of headway. In the back of the elevation of

operation efficiency and security of safety stand the development of automatic train control equipment, which consists of apparatus

aboard trains and ground equipment.

The article describes in reference to the former the latest devices and their technical trends; in particular introduction is made on

ATC, automatic stop control and ATO in connection with the high reliability, multiplex ability to obtain high accuracy and digitalization

with IC by quoting practical examples.

L& A # &

AR, EEk - OB ROMMED EE L b ORH 5, D
i Jz:"' @iubnec HLT B, PO MR - EMEREFIE O A
PRI ORI K AR XN T » 3, HIBFER DN | & fREIED
EfR DRIy, HELRERIE O LA bR, b Dd
E A7 L A & v

LT 35\ C R AU TR B )RR e vk T, R
M stTz.z',[iJ:P UIH J‘mdﬂ;l@m}% W F e o IC i &
ifE ATO SR 2Pt X<, SHMIAX
hTnsd, chn zrwi&ulmiﬂmﬂxmq: I Wi A ad s i &,
2 DEAETHER ST 5,

2. ELERESEEOHH

SO [ B I TR O L, FIHTEY D LVCH Hi| o
HBROAIHOWARH L, EIRREDEEIL E HeDlEkE v
B TS BETRED b T b,

FHE D H BRI K LT,

(a) B _Sr#diist

(b) Sl =k
BHY, TOFEEIHE A HEF EhTnwb,

T CCh_ 3 - RS %, peiciiduie CTC & i)

L% DFYE % i3 5 HRIGH LTw 3,

FIHL s 52Tl B 73 (Wayside Signal) ic 1) 5 ATC
S, AR OHREHIED Avored & LTIEML, iR &
PR 2R LA wCilllE+ 5 C LBk & 5, UL, W8
PR 2 3 e LC T Wb HiHEZ T (Cab Signal)
PR EN D X5 Ik -7,

HAEEL L FRHICGEIEOBER bR e 2 D, FIHEO R}
MEFTR S HERECEEREER I N D, £, 3L ICEEOEE
A ST 220, BEORECHEHZOMEIC X 3FHE LI
PREEDETHEE L AV, 20 THRECREARMELELC &
DTE D Fauian W LATAbN . Fava {LIXFEERTFO

436 % GUMIEDE F HRE T

Mg, & ic IC OEEIEAF L ah, REARTESEING X
BIC Nz o TEDTHENREE - Ko

ATO I ACTh E5 L5 aGNRIbRL TS, T DHHE
T DSERE IR R A LT\ 545, (S IRREE & i % A
ELC, FUHHEREE DR EMNAE L, COHTH Ju—F 2EFOD
IEE LML L I iV‘OEiD‘)ﬁ)Zbon Wi BRI C I, HKUE
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ATC block diagram of three channels system.
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3.3

K 3.2 s i A S ER
ATC 37440

Exterior view of three channels system

ATC for Teito Rapid Transit Authority.
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3.5 HAKEAEEMA ZHER ATC HEENIE

Exterior view of three chanmels system ATC for JNR.
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Exterior viuv of a conuol unit,
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Speed checker element integrated circuits.
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Block diagram of controllel unit.
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Input-output curve of velocity input circuit.
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X 3.8 zawsAna B
Clock pulse.

3.9 Az 5B hvua
Pulse distributing counter.
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Pattern pulse.
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Pulse synchronization.
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Frequency comparison.
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3.13 #FmEmEgIoy oM
Block diagram of fail detection circuits.

Pllos kb Cyavoa— O fua F#EE 5 km/h(v=1)
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A2 SELEIEECE b % RIEECE L2 G TR 1 2
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SICLTTE 328, Bz THLNS fa—viba 2T 3 L
3. 100ksic LABBIELDERD D, BEREE fr &
s 2 e S BIER/ D& » e 2 I EBEBEL, X
RIEA R E W FICREY LT 3 & e A D, IEHZ MR
TA[REL %o T DRDICHEBICHIREICHEST Pr ik, MO kS5iC
4Lz Te Lua 2HD W LCHEEOFE#ILE T A -2 b DT,
b5 5 AT DRDICERICHIE L s0wo (CP) JHBECE RYIH b
4fELEL DL LTH %,

3. 1. 6 EHIEE

WSk s fv, Pr Az HERICEWSZ 22T 2729,
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Block diagram of output unit. BOLEIRET 2, 3.1 1 HCHE<ZERIRPMEILT 5 2o
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\¢(ﬂﬁ‘ 3.2 HWHE
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3. 16 ATC MG 40750 T Su—t HE A I TR ZRIZ bhde IR B
ATC test run oscillogram.
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Brake test result of ATC.
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BB 45 4210 B o, FREBCREZBY £t Lic. FE IR
BHRex LT, ATCIu—+ 2 eAd % HEEARE i, BikER
DEVERFEREILICHETS { 355 ) 59T 05<1.0 km/h OfFET, ¥
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MEe5,

FUBSHREE 7 b CICE IR R I B e ic, 2 BOMERER
ARENCERA T CRIA &N 2, chi Ju—-F VEARIC 2% F 235
A UM ORI IC st T 5 C 2R B SR e LTfiTAS B
DT, 2HEOFEBEDO S bOFELEFPIDOKE RIT S WHEAT L
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C ORI v25s EEEREL 75D, ZHF vavs 2
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B, EhBBbBEHL R b,

4.2 EEOEE R

4.2. 1 PHBESR S ICER

REF/OWEE, ERMEOELRT,

(1) EFEE

AC 100V+59 400Hz
DC 100 V30 9%
(2) EOEe IR
Bp=1.7 km/h/s
(3) Ju—+ HE
RIS IME Jo-+ 3
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(4) Jo—+ EEIREE
HAREE (793 #84)  Amax=26km/h/s
(5) W{uEs Ik AR
HEEAEE Vv maxe=70km/h
(6) HAES
XA Py=645m
Py=245m
(7) HIEWERIE
HRERERE 3 Mz
(8) HmEHNIE
920~1,000 mm S5 mm Py 17 B
(9) HEEHSHED
0~300 km/h (GHESFEFR LT 0~1,547 H2)
(10) EEEAT
HEREEETE 15H i 035V
1400Hz K 7.0V
(11) ZE{LH
SER RN EBEY L
(12) {510
4-50 cm

4,.2.2 ¥ B

WEOMNEEK 4. 1 i,

C QL ETREH (3R L IL@EHEE DFF 4 Fowy X b ik
NTWw5o BFHEE IC & B4R T & L B AHT, g
B - TR - RN 8 b T B, ;%@%"Mi 2
1PV d YU~ B U e SRR R C, AU O Th 2
V- R 8T 5 3 oM ER T ik & LTHLE RS, 1'1)(['11;(
FRREFTTR S

T e LTI, THONETLFERT 5,

(1) ACHEH# 1 -2 - 3%FH 507 38
(2) DCEE JumEn 507 1
(3) HULTEEABHMIR 5u7 1M

4.1 SEfriEfE keI

Train automatic stop control apparatus.

Y RiELSyH-T
LEAEESYyE~-T

1 !

=3 B& Py 0
|
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]
L i LR RS
| 645m

4.2 MWEED L#IE Aa-u
Principle of automatic stop control.
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(4) 7l a—w 318
(5) wazs HfE 57118
(6) HBEEREETR 5u7 18

4.2.3 B

TREH3 284, ATC{EE S70 ic kv 70km/h ¥ -CHHi L
ZHBR &, 1k Rz I AT %,

{1k Ag—v MBS LR 2 0 R Br=1.7 km/hfs -CHIl
ST Na—o 7T, T OFHMAA Py 130 s 645 m Ol :
NTw3, Fi, WEHEEHES Do i, 085 b 245 m O I &
NTns, COSTOEFEBEXY S3048

ATC 2 & 31 Sa—v & OBIRZ b Rl S48
4. 2R T, ATC e X 2=FEh@ilE X, M4. 20 5:/13—7" C
ViR X5, 30 KECHEHMIEA - 7 A 30 km/h BIFiC
TC {575 S 30 THIBR T <i# 13 3.

LT AHTC, T OEBFEIC X B EMERELE, CV ©5uh-7T
FbEN3, COHECHE, BALRKED 30km/h 2 70 km/h

CHHRZ bR T3, £ CRATC{E%S S30 HiEEkx fc‘iﬂ
R OPRCITRbN B LkiloT, T DEEROLeY: & S
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ATC OEBOFHI AR, BEMCIILEES P 2%E LT
Ik Az—u A dnFc e X b, 30km/h §ER4 70 km/h HIBR
IKLTw3, ELT, TDA2-uBHELAR VR, i LT HEMN
P U2F6 IR T U CE ML OBhtE o B AIIE, TD
BEHHP 2 EThbh i nC, @H O ATC i Fnc 7
b b,

4.2. 4 ¥ B

C @Jzéiﬁ B o256 S ZE T 2720 I 2R ICHEK L, i"ﬁ%I!!
451 PG ARETEIR I TR U L, o4
kumfmﬂ#J#otoI4 BCC@AwwyTﬂf”&7‘o

BRINIBEDY - FREEE - HERHEREE L YR Eh, C
DI TEIE Aa—u ZFREL, TO fa— WEBRINEZDHD JU
—* NOFEERFTRDbN . T OBHERERIIC 3\ T REICHE
ENBZHTTH BN, 05 bHIIFERCREL NI EST 2%
Fletge L, 80 020 e M LT3 2, Wittt ho%
2L, BEOMFFRE A2OFR O L L EA LT, HL
T ﬁ’;’#hﬁwiﬁ(fmﬁ\a 5 o T SRR AR FED, T D
B, BREOWHAR R IR o ERIEI IDZ?J‘)L—’%:}/LZ)O

Sl 7:;), TR D X, ko

BIR B =
B2R & —--} 7= % HIES
B3R &t

CEREEE | NOFRE 1w /o 5o 7155
F{CHR: 5!
) ) L {CHR, 3= } S
- S L
A3 _‘}_4-
; ]

4. 3 ZFRENCEE 1 B L G
Block diagram of three channels system used for
automatic stop control apparatus.

B 44 i SF 4 4

Exterior view of a control unit {or automatic stop control.
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g5 pe

P1~P3

4.5 FEEEIBEEE Jowo ®

R OH L H B - S BREEN

Block diagram of control unit.
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B 4.6 {#ik Aa—y & BESHREIH
Relations between the stopping pattern and output
of speed bands detector.
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4.7 FWEEEZE 20wiLR D 216F 6|
Time chart of speed signal and clock pulses.
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4.8 G BB Jowo X

Block diagram of upper frequency select circuits.
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FP

HEL~ 871 [P N R E R el 4

4.9 Az SELER
Pulse distributor.

B LCTEHIL, #eafiyasgiie LT 2. chic kb 135%
FIOWEEAE T o T H LD BT AETD 50

4.3 EE

C DEFDOETERTH 2WFICOWTIE~ 3, & OFIH TN
I b e IS TEE D b1 b S SHEES &, EEE
kS O—EHEERRICRE Sl o b OHisER L), &2
RIMBUCITL] N7 — B O IE Az—0 B8R & ¢, Thidt
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Helc UCHIELREE LAy % HE LT Ju-+ Wil% T oy, B
EFIEEzERS.

T DEHEE, 4.4 RT3 IK—DORFEHORIC I X
NTW3, COHEFEFE SHEFRALT, ZERFHKL W5, B
4. 5 IO Jows [JE R

4. 3.1 EEEHRE

4.5 0 Jowy B WT, SHITIHA 2235 2SERREHHR O

BeEr 5T 5,
T A2 S BTN X, SHOWRER L A ERTE, &

D FDFOORECK LT LF- Aurf—b, FEE Avzr-+ ol
F- LS, TREREOAT) MHEEEN B,

Fo-4 X hows O 2ERH A 10 BRI 5 DTH
%o

WE, RICGHE Sz & Fr & L, Pu<Fy<Py ThHhhiF, |FH
s, TSRS OMIIEE $IC 2 &, Wl avur & (2 Zy,
Z3) =0, 1, 0) ORIETHEL T B,

UM R LT Ps<Fy 2 i, LA HREN T hE B
LTHh pova & LF-E 5,

Wi, Py>Fr &ihid, TERERERSCFREL T
2 R THEE®%, LT, BKNCETRLERAI<Fr< 57
TEER AT E BRE pyor BEHE L, 2D L & ORENFIFRE DL
T 5REHPRTC LKk b, R4 61K HEIDONAFRT.

4. 3.2 KEREER, HHEHMERE

20w B E B 2B, MR O KRR v
TWwh, Chic XV EREEOBEMNTREE 5 5. ARFERIOHI)
Th e, EWICHHORAR S sowoina CPL, CP2 #1835,

WIT, HIERGEED HE LIS S R BIE S 3 (4 1) TR

1%
f =3 6mT 16‘72 (Hz) v, 4.1)

N o Bl 1 [liES 72 b oIy Bk (56 Tz/lnf)
Vo pH#E (kangh)
D : Bk (m) (D : 0.92~1.00 m)
FEROEEFEERESRILXEESTH 2D, WIHERNET
EABECEE L, sowofua CP2 (CP21, CP22) iz ENF
Wx k3. LLEOBRO a16Fe~t R 4. 7 CRTS
4. 3.3 HhELERE
1 Ree LD D OWEMHER IHERER LV E 2. kb
b, HE Al Avz o EFIEOMELIENE 4(m) i,
=D

N : 82l 1 iR 72 b DT Az #
D : HiE (m)
TRENSN, b LHRAHEE (skid) 22 3 &, Jo EiE-e 3
P T & 1C 7 B OCHMEGEE £ 5o IEMERTEN LT B
CERP e, Bk s 2iih s OWEEER LT TR
125 DEERL 5 L5 aEhBERNEERT 3, cOXScThi,
2 S EIR R B e © TSR D7 i b HEEIC X B R Ik T
%3, Jowy MEE4L BILART
Thbb, BRESOHEN AV X
Vel>Vy2 DL & AV=Vyl—V52
Vil<Vy2 DL & AV=0 oo, (4.3)
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|
sl —d Cro

| 0

0

et hERE i) I Epe
8/1

1T 1-7713"

= p

3-&’.

SNy BEES TR

Edi~dsld/ oL A ELE

B 4. 10 {1 Az Fdgs

ERZDT,
Vil>Vi2 0oLk %3
Fyp=dAdV+Vy2=Vy1
VylsVy2 @k % i
Ty V2 ceeeriee st e, (. 4)

LY, Vel, V203 5o Omivia d I e Lcfilndy

;Q,)()

4. 3.4 RARBES

TR PRI RSB B 1S T L e N o0 Jidfed )y WA ERD 7
DEETH 5,

DEFHE 1D 2B L

NV 200NV . V. .
=56nD " s6md — 1 g MA) e (1.5)

Tt K53 ¥
d: 200D<D 0.92 m~1.00 m)
184~200
D% 20045 LA Dk 092~1.00m F-C5mm 25,53 & & D

<Hii*!%1ﬁ?é ICHHET 2 i fa-ufun KRB 2HTH S )

X (4.5) B—EREH K #EHEECc d o mdng, iy
V(km/h) #1240 Az vz FHEEAELN L C & 2T 2. B
4.9 IC AL FEHEDMERT. T T CRANK 24=FAv0 TN D
D4=FRuo LA FP Hne &, al~a8 {f 285=256 534 houzr &
RBDOT, HHEICE LT d2~d8 # AT 24-FRwo L, i
T g DT 184~200 43 e LTWw5b,

COXSICTNE, d1~d8 Lk LT 1/28 FF| (N=0~7) D fa-
VALA B LIS,

4.3.5 {Eilboy RS

EEERE L i B OFifE R S(m) & L, s % Blun/h) &
SR

Vp2=T728,S Ve : fsw il (kan/h)

2L oK. ~1w(K=3.GBO) .............................. (4. 6)
Vp

K (4.6) 1 Ik -2y OREEEL L2 Ag—y B BT 5

X RS 5o

ThE Fooan BT R S IR, DB hvus ORIICE %,
hova DIEF Aa-v BEICHIE &2, Avva DEI XY 2 FR0s
Atz zbEehE kv,

AT A0k Ag— TR E R 4. 101, ¥4, IR A2
v OBHKRER 4. 11 1Rt

BHOH L BILEREE - A1 - &F - i

FHTHE

dy

Cry |

i
i

: t
L] i
I

!

1

b
i
i
{
i
1
1
t
!
1

Cr—]

ds

Stopping pattern generator.

Ay

AS

Ag

sl
J\J
Ay
Ay
As
A

[AS
0]
S
4. 11 1k Aa-u
Stopping pattern for automatic stop control.
K 4. 10 s Tl Az—u 54 hoa CT~Cld % Jytwh L

TEE, gk tub) B vz & LTHE 5.
C1~C3 0 umiaR 4. 10T, A~A, [ (AA,=1/2AA¢)

TR, Aa~As [H] (AsAp=1/28,80=1/4A,40) TIX 4 58,
Ag~Ay ] (;Z{;AUSI/SAI o) TR 2R, A~As BT 1 48

E% 3 %0
CA~C6 O Mt PalE LI % L 2 20 ic, IhIC LEo
C1~C3 o5y A L2 H U R R % 1/2 '9'“3 741, 5?}?5]75:?‘? b

%0 DED, A~AS IR 8XT 0, AM~A IR 855, Ay
AL AT H, AS~A[RlZ4x5 58, e , &3 %,
XL, AR DHEEDOHIT d1~d 8 1T 1/2F RFl| (N=0~T7) O
LE Ra—uLa TH Db, ClA~CT % 4t e LThiiEdh
ERELE Ra-u BEDALD,

4.3.6 Fik<yoaREK

B X5 LT b A BT Ra-u B b &, i Ok
B b0 S RO Aa—y BT 5. ORI, W»ERMILHS
TRER By, B(km/h/s) DOEAEIMBICE T, EILAA b D
S(m) KETEMEZFOED V), Vi(lkm/h) &33F

V2em 72808 coverrrremrenenennaii, 4.7

V2mmT.28,8 veveemmnemcmsniiaiiii 4. 8)
K@) AR U CHARAEERTARS &

Vi B;

S 9

7= @9

Lo T, B DS fa—v (AU Viokm/h) % /BB 2+
hiE, B OEGEE Sa—u (@E Vikm/h) 8o 3, AIEFETE
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*F 4.1 B

List of failure 10gics.

%o N DS, DS» B DSs g B R

1 1 1 1 1E ki

2 1 0 1 O 2 kK

3 1 1 0 ¥ O3 MM

4 1 0 0 FOF Tk ER
3

N7

1
1
I
{
I

- N3
1/ KD

1/s)

B 4 12 Ju—+Ra-u & Ju—% J) O 5@
Relationship hetween bml\c pdttcm and brake retarding
force used for automatic stop control.

S RDOWHIE Ra— BTV B &Y, 4.6 DX 5 RIREE 8,
~B; D -y KO~KD #{E-sTwn 3,

N~z KO~KD O H#iBES R PL~P5 Lo T,

4. 3.7 HiEmEiEE

4. 3. 1 18 T~ Ao gl HARNIE HHC B W CHIHL MY D TEAET B
WEHAREIE NS &, MLORFCE TR S 7o 92
BHCTIRHERD 55 &5 pRBET 2, BHIINIGRIEEATO
TS 23y e — 2 h i, MERdES DS="1" ¢ L, f~"—
FTHhiE DS=40" ¢ ¥ 3,

LRGBS OBEE TR & s ZRFIRTRV, i

OFH (THikg) RMAOEEELTTAS. Thabb, THE Kk
Wik TEEL OBREMA (2, Zo Z3) 25 2«4—FRwo & (T,
Yo, Y3)=(Zy, Zy, Zy) & LTHIEIN, C OWEHEER I FIHHE
ERFAET 2 0B ERET 20

4. 3. 8 HIEHRIENEE

& O F BRG] B VA AR TR AU IS D W OB B S e 55,

SENLEF DS EERLY ANER L LTLEHHEEHES,
yﬁﬁ%%aT~ﬁm@okwﬂ%m¢ HWET 5o T DHFHIE
SRELXIMEE SR A LT, Jzfve-0 KT 3 X5 iz
T3, L OYEGEREER 4 1IRT,

4. 3.9 RIBMXE

z DEE, Zi+Zy - Zy D 3 Ey b OMETHIRE S
FH g% KC fa—u ICBNA (B0 ¢ 2201, Ju—F JIDOEE
TR ->TV 5,

T DR CREE L Fu—$Ra-v & -+ JIOMFRER 4. 12
Ao & Aa—v WY LICFIHERTES Ju—F NERTEBE O
P (KC fa—y, B=1T7km/hfs) BrHrle LT, FISEIHIE &
N5,

4.4 v ialL—-¥va
z DY ORI 8T H 5 BREE O Ju—+ R, BRERK
L VIES AN Ju—% WEME Ju-F TR T, ko

>
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= 42 Ju—F IREEH:

Brake response characteristics.

I O % 2 %
m B w 0.2s dglde=0246s N2
i A b L;=0.2s 7y=0
= 0F b Lo=0.2s 72=0.15

1Y
i
|
L.

[ 4. 13 ELS I IER O ERR S1750

Schematic diagram of automatic stop control system.

) EEm——
- N7 N7 R
KD N/ 2.0 km/h/s
N6 NG o
KG ——a NG L7 km/h/s
. N3 N3
KB N3 1.4 km/s
- N2 N2
KA W 51 1.1 km/h/s
Al Y J
X0 (C'Ffm’ N1 1.0 km/h/s
NG
(P.C.B) /N1
414 I fn-uA
Pattern A of zone control system.
T
N7 N7
KD / 1.9 km/Mh/s
N5 N5
KC 2 2 1.7 km/h/s
N4 NZA
KB N4 N 1.58km/h/s
N2 N2
KA o i1 1.1 km/h/s
(c.B) N1 .
) 100 .
KO 0 1.0 km/h/s
(P.C.B) \ ) N1

4.15 #1kR2-uB
Pattern B of zone control system.
b DICHATT SNEBEREERE LT3, i, KT Az
—~u A 646 m &\ 5 HES DIEM R L FIEIC TR E wOT, B
BT AR DEEMES R IO T S IR AL P DVEHRIR, Ju—%
N {59 1T X B8R BT 27T, BB OBV EICEL - T
YEal-vsu & RS o
4, 4.1 HIEZROER
B 4. 13 EfiE lj;!li'ifﬁ;r?\*@fh" 5 d4PIs6 )KORT L S HC,
C OIEE B b OPFGENE B RS IL, FIBLOMIRE S IE OB KR AR
%l LT Ju—+ ¥ ﬁmr EXN B, £ LT, FIHEHE & BT
HEATHEE SILCHEE DS D4 FAws & LT DB EL b b,
[, Py (F1E fa-u FEENE 650 m
Py o HRIEAL 25m
W, W, : Bz 5 R
C : DML FRE
Z D, Pi=0645m, P,=245m (W ENAH, FHHEMRICK
EREXAVEEBI OIS,
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® 4.3 FHoM el e FEER
Condition of combination in caleulation and
calculated result.

e M s | wmene | 2 PeFER D e e w o

0.1 A —0.04m
1. 2] A B A +0.3m

(1. 3) B B +0.32m
{1. 41 A B C +0.04 m
[2. 5] B A A +4-0.08 m
{2. 6} B A +0.18m
2.7} B B +0.15m
{2. 8] B o] -+0.05 m

£=2.6(N7)
417 =1.9(N5)

// < A=1.55(N4)

V (km/h)

Aof

] Nof
101 Ko
No(PCB)

-

700 = 660
Pt

1 i 1 L
500 400 300 200 100 =0
P2
L {m)

B4 16 v=z210-vav il R
Principle of zone control system and simulation
result.
4.4.2 FBEOERRL I
(1) ME Ju-+ OIE
AT 44 4E 4 F 26 H A AREATEGE AT CRE L B, R
4.20X5CTH3,

(2) #Eik Az-u & o2
X 4. 14, 4. 15 OFEICO-TERE L.
(3) WEse

A=1.00

B=1.005 (0.5 9%5243%)
(4) Ju-+ EEOHE

A=1.0

B=09 (10 %7 /2)

C=1.1 (10 %)
(5) HEAZM:

HAGHE  67.0km/h
4. 4.3 FESMFC{FIERSE
4. 2HiDRMH(2) - (3) - (1) R AEMZ b THEILREEL R

Wi, TNERSL 3ICAT, Tk I-FIHERI DT, HIEA

~u BPUIA T B BB T RIS Fo BEAT 2 0T, fliHE A

EHOE L EHRRE « A - &7 - A

v5ud BLELBLEAED - 72K, 4. 1601 FIRT LSKCED

BHCT AR AR S h e, 2o, T OFFHER LD K
DT ERDH ok

(1) psigsss 10 o, M@ £0.5 % OFMTEFIL Az
~v A B PN T REAFIEEAELON B, T OREIC Th
B, #IERIEE, —004m~+032m OfFiE 2> TW5b, (ZEEE
OFEFCE,  HiARGORIE O tEII-D L BIEFE D A5
vEBELLILE)

(2) FLHODFCOVTE, A2-vBILL B DR IL-FT1D
b D AL R L, BFAGIHATTADI %0

(3) #HI#F% (2K, Ju—FR) DIEREDLDLTHRADT,
Na—u o 280608 L\,

4.5 IREHE

C OYERE IR 951 WHRERE cEi 3 h, JFBOEBA TR
bihk. 7, iWi@ﬂﬁfﬂﬁWf‘m%ﬁa X UREPIZETTIC X o THhE
WERE R L UK RBRAE S hi. T D5 bERHEAR TR,
EHEOBEREE MO L HIOEC tu LTRES—HEZE € T
WmEgsE e L b &, MoREsERic BERICE]h b o T ua
56 BEREF T ADLIE C L 2R L.

D%, AHRETHREZ I LVRCERL, ©OR%E, #FILH
JEX —~48cm b +15cm ORPHICEH T D, FHEMICTSRE
eEA LS. Tk, PRLPTERER HOIET, ARICERL A
PR IT & 2 L BTERERT 66 B LT, #9 15 ORFEIEH

PR bilko

5. ATO ZEDEHEHI

TN T 2 ATO SR, BUNFRHCHE LT 2a- Mgy %%
i’rﬂwi, SR ) & A LRI A BBRc T 5 B _EiAEE
BCH B, cDHRIC LD ATO BF I, TCICAEmsE 2ol
B AT IRl cEiidh, BoERcgiLTw 3,

LT AT, TTCHALKREHZGER MAD ATOERE R, Aa-
v & ATCHH % Rwopwed K LAEREEER ATO ET, <
DHHE OPHFE & B TEEIC, [ oF ChiafiioBERES
—ESHEARO S+ BEPERCH EN L, C OWME OB EIC
I, {EBLC E OEMECH > eEEEOHILEERE S C &8
TE7co COEBONEERS. 1 ICRT,

Tk, BIEEFECERMT ATO 3E% IC 2 L2 ZEHFR
HERCllEhCH %

5.1 EBOHAECHEE

5.1. 1 Hpems TICER

I OERE, EHRIRDE B D TH B,

5.1 ABRHIZGERMA ATO &ZE
ATC apparatus for Osaka City Transit Authority
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(1) HREE
AC 100 V£50 9 400Hz
DC 100V+109% —3029
(2) HEEe
70-60-50.40.25.15-0 -+ R
(3) ik Az—u
(a) Ra-u B 80 m
(b) FHIEL HLFIER  556m
H2MIER  205m
(¢) Az-u @ A=25km/h/s
(4) HilHEE e
870 mm~780 mm 100 mm 2547 B4
(5)  BULHIEZ & T i - Hi
KC, KB, KA, KO o 4 D5 L3 < sifilin
(G)  ipyHaay
+2km/l1
(7)) EACREE LR
+50 cm
(8) |
—10°C~--50°C
(9) Ju-+ L&
ESIEH F”ﬁv’&um Ju—+ Wi (MBS Ju-%)
Vel Ju-+ B :1-2-3- 35k /h/s

(10) il i

(a) 1 7 M4E

(b) i ®, 17

A1) HE

ATC Bgez JIHEK & Lie ATC RyopuTfi & ATO 3t
(—TERAIK)

(12) R

(a) ATC Rwo7sd % ATO jilx

(b) ATC iz

(c) JERHHR

5.1.2 % =%

ATO i X 5 BBLEEE,  BREEAR OIS RE & oo
PrEEPEILTIEIC D 1 3 € 2 25T & 5o RIEHIEIE, BRI 7IR O
A BB &b e Tl 2 C & &, SEITHIE & ORI
B THETI L TH B,

HEHEE, o2 Lo b —HE TR L d, &1
CHl L HBRAS R WG G JwF A0 I, T JoF BIERE LG
NTwH25, Hifl, < SH, THEGDOLMIC L) e 2T 5
&, TOMEECTRIE X5 CHDWICEHLAThLE A b A
g

SEFTFIRICHER L SFaic i, #EIIEBIC X D FUHL i B SRy ic i
LFah, corqROMBPEILCESKL, Ju-+ T OHMBET
b,

ERPELLfH G, P HE % —% ATC (8 X b 40km/h Fic
WEHEHE LcfTabido e b KEICFIREAEAT S &,
MAEEEZERC IV ZELUTHE L OEIE S BHET 3, L
%, Bk Az-v CHIEFE LB E S, FIk fz—u FEROH
TRECE R X DR Lok ¢ 528, FElERH O~ ©
RELHIET 520K, #haX) 55mififie 205 mifiick v
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KC
KB

B 5.2 5 ERPEI-4 BIELET
Run curve between Shmfu]um Imalelo on the
5th line.

PAVEES Y

§ ACIOOV

| 400Hz

{2 iN—F

T
i
i
DCLLV

® 5.3 ATO #EERK Jowr 1
ATO block diagram.

THSES TR L e 2 % &0 5,

B 5. 2 Ak ATO $5ic X 2 (RERZETINER D 1 5% 7R 3
HEEREC L s T bhi ATC HBRES M LT, k%
1 ADK L KO - KA - KB - KC it & ) T2 DMUEIC 5T 56
B 23 X OWIEIRICH B I X T, FIERIE T~ ¢ 17 - 72
7 Jo—* (B XCTOBEEE) 2008 L, FIHEHEEHHT 2.

z DHIIIC B W TEB W TFAICZ L LS iciii Ju—+ 221EH
LTHELHHEE AV L S, © OHRTEBIT fa-v 2 HEERYIC
- éra“zu\liiiﬁwtCTa‘é k3 CEE LTS,

LRI B TR, 40 5 X ) FIBHE R IR L, BRo
~5~?aﬁ 80 m Db Tl XN Il Aa—u IKIBIEE ¥ 5
O HENK IR © S B @ Lic 4 RO E LTI
-+ HORERTAbNI 5,
5.1.3 # &
Flg E OhilEdE (LUF ATO 242 LR OeRolikz,
5. 3ICRT C DUETE QAT HA 174 5 ST & SRR &
LY RSN T B T - BTG - ATCH - ATOffic 3 o
#, ATC# - ATO #iney LCIRIT 5 C & 8 TE 5, FIEHNY
7 b GBI I A GRIE SR AV 5 AR
2 BN ORERT, HHEEEO £or-2 KHT Tl s %,
BB DB DT ATC b U ATO Fic/E LT S 5,

ATC (EB2ERE, YHRER, oM s ATC iR

BETSERTHRBLL, chizBiL< ATC F5%f82, tDA
TC EBRFEoBEHES ATO SRR 5 & & bic, ATC
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HRSHET)
Ski b
- N
;
NEEAS L
[}
|
(ATOERE) _
NEY ey MEFRS

P (20, 5mET)

5.4 WEE Jowo K

TBICE W TIERPAIR L & Uil X 5,

FERWEILE S ABRRE, BT ORI R E v 5,
RAEEE, FLEERCE - ORRICLD B2 b0 5. C OBRMRICHE
AT D EERHAEAE S e LT NS, Lies-T, A
TC 188 % b U ATO EE R H—0%
D ATO PGt »TlE, Ju—+ H OIS 5 35 i & 4
GRDPNEAL D0, B & LT 400Hz D 1o 5-2 i
T Do INEERRIE, Ju—+ 2 b UNC AR & SRS %
DI 375 LA 1 ATO I R 2 7e el 3 5.

5.2 HEIE

WHSEHC I, 3 BRI S A IG5 (ATC (F2)
T EBEE L, HORIDIEE Kt 3 UL 3 D k7
FEFTHIE & FBIHHE T B0 BRAFILICER LCHAL Ssms B 3EL, ©
Nk EEE : LCHETTHL & T o

AR L Y £l 0D 5 vrod BIEBI X TH Y, W
FETELS X b O g (AR 2ERE LR L, ZERX
) OHFREEES S ERETRCZH L, BES HRIEE L CliEsi
DHIIE LT3, BRI Aa-v OFE: BRI - E%E 3R
ENBA®, FEMSEREDOENCH RAFELOR » FDa K A4

~u BT L Tn 523, REmIC REREECER LT 5,

PEsed ATO BERRSHR & B 230 & LCRBEED Aa— % %
B, FHOMBPUWE L & LRBOERT LA ZERT 52D IC
IR Ae—v 2UHBRA BRB L5 L LB IARMTH Y,
BUEEST na—v F82E1X 7T od BIEMSRREHH LT3, E3EHE
HFET- 2R (bso922 414-F) ZEH LT 5,

HWEHRD Jowo MER 5. 4 KoRT . ABILTIREHEE: LTD
ATC IBER & HELEIE O » 0 ATO 42 bh 5,

5.3 RIEEE

PRI, BSEER KBMIL T ATC #hHg & ATO S b
5, WEORBEIEIE, viovisuvnag 2 LS SEREEE
TR EDHEENTwE, Lh L, BRBSET OB T O

ST O FINARLEY - R0 - 4T - ik

FH}AA v T
HRAA v T

Block diagram of ATO computer.

AFBR
AEMR

ATCES
BB

KO,Ka,KB,KC

ke

5.5 FREEE Jows ¥
Block diagram of logic unit.

Th% %o

AiFE i ATO k% Awored TOEIMTHZ DT, LafkicHE
HE BV 2xut-2 SHIE R GooliiE % N % 7 Zeiiks & lm BE)
FHALCY 3, #ETRBEHBOSRIEETON 7 HES 2 LDT
who TOMEEE, ST ZT It LHIEOR E-F Kbk -
TRBEDT, JxAt-2 AFEALBIIC LT L, i, HEO
PEAEER D i NOR #ETF2HA L Lk, BHEHACLONLTWS
TSR R LT w5, Z OREERORKE, 5. 5 3R Jo
wo BTIRT,

5. 3. 1 ATO #3828

ATC B, ATCIBEHOMEE HeHJ1 e ATC E5% R%
AL LT, BH Ju—+ &b CIIER Ju—% Oz fra 5. 2
FUHAR I D E D L 5 TH B,

(1) %M Jv-+ il

ATC RS ZFIH AR LA B, WH -+ #1EHE 25,
D ATC T 28K, ATO #Eo KC Az-u & LA B
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B=3.5 l | SB1 i { ]
— SB2 : ] T
r———ﬁ - SBZ : !
0.15
KB p=2 p=2 e
1 0.824] T | 05|
e p=1 0.1 /}TT/—% 2.4kg/om? BCIE(0.1kg/em /ry 2.4keem® N
KA s sy 2 1N )
L 1,'5;“/0“’.3 ~_ |/ | 0Skgrehia
X0 H P [ ot ] [
5.8 Fu -+l
\—T_J Brake response wave-form.
/.
B 5.6 BEEFHD v-roz S e
Speed control logic sequence. : 12‘2:
32.5km/h s
8=3.5 —_—
\\\
KC N R,
=3 . \ e — i
KB A p=3 T
Fe3 B2 T B B /<=2
A=2 /=2 —\ Lo ! ——
KA 7 BCZ(0. Ikg/em® /my
A \; : ( E1\{3/u‘n /m;n)
KO 5 #(p=1) xix W '
BESFHMBn T

NR2DSHEREHNKO—KAB TH AL A= 516/ 5 ¢ 5,
5.7 BREFLHEED v—ruz

Stop <control logic sequence.

%51 {RH U+
Operation brake.

T B km/h/s|
T——
e 0 1 2 3 3.5
A S v T
SB; X K O O QO
SBa X @] O X O
SB3 % X X O O

F—T, @O ATO ¥Hic X 28R 3 \» Tk KB fAa—u THi#E
Su—% BYERIL, © @ ATC B Su—+ BVEflT 3% v,

(2) FE® Ju-+ il

ATC EERMEBICR o LB HICIER Ju-F BIEHTEE, A
TO BReEPTEHICER LT 2 B5ICIE, 15 EB0RICES IS
055D ap-22bwd 2178V, FEH Ju-+ BMERT2C L &
pi e

(3) ATC Zr—JFERR Ui, MERRAREL

ATO gaEa IR LT, ATCHfEIC X VB 255 /Bl X
%a

5.3.2 ATO $57E

ATO FREEEE, KBRS - Ju—+ HH#E - Ju-+e-F 45 -7
TE-F 8% - 1T w7 RS DK S 5, CORBEIC LY
IR HIH & BT O A LRI AR X Tl g 3. K
5. 6 KPRIEITRO v-ror %, ¥72E 5. 7 CEHBEIEHERED
-TuR BT

(1) XEXsrEE

REER O -T2 L EBAFLHER D v-ro2 2R L5 A
»ic, FiEORER ST KH, #EORME SKEIHTTw 3,
ST e SERCEY, @5. 11 2A5. 12 O u-ruz DFEHAR
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® 59 ATOZE T H 4v0

Running test result of automatic stop control.
SHBPEEN D,

(2) Juv-+ R

D LWESHES Ju—+ #iHiE, SBy, SB,, SB; @ 34D Ju
FHRESMC LY, ThbDRAHOMEDOMAAbEc L) T
BED Su—F D1hRET 5. c D5 b, ATO TR, +£5. 1 ICR
F -+ R L,

Ju—+ BTl HE Ju-F RV & @ 2700ic S+ RS
HRLETH DN, chld -+ HEGEB TR 5. Tk, *
RDVER Su—% TCowTik Ju—% JfEBg TR 4 Eh 5.

(8) frii

JifTHe Sk CSRIMER LS & h 528, Tk RREfTIRIC
KO LT hldEnd 3 ¢ e @ Ih 5 &, Hiffashkc C
SR 2Ej#E & 5,

ATC BRLH#E LT, NfT oF B5BEEN 5. TRETIFFRA
O BOFLHZEI R VDI, FioEERHE2MNBCTRS2Y
I JwF BRBIN B,

5 4 REZHARER

R 4245 2 AICKITTZ0@R 2 BHE ICER R AL, JETR
HEAE SN, ¢ DREBT, FE#ET, WTogiBEFLokk
BERRERR XN T D, MEHIA24E10 AXLIETASES Bich
7o o TREYIBERS C OHBRBIH TER &, EAEEIEE OfEER
& SEEMICHIE Ehic, BRI 410 Jic, ATO HEOEIER
BTh 35 ERAEOBET S L bic, ATO HFIHBRKIET
B BB R CHE S CEARBICERE S h, COBETOER
HB2PR XNk, C DERR, 5BHTRMOEMNSAE, HET
HOBRKZET, B, 4WREFIE TP ERICE RT3,

C DEFOHRBERMGTELNZEBERE AT, H5.8 1%
BSHEASAHHN -+ BEOFELCOWTD 430 T, ¥HBT
F Nk FU-F IEEEB LTS, K 5. 9 XEMER LRI
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) —6em
BARE 17~40km/h
180 i~ FYEEE em

Max 88

MIN | S R R S N S
—b60~50—40-30~20—10 0 10 20 30 40 50 60
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Stop error distribrution of automatic stop control.
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Transformers for the New Sanyo Trunk Line

ltami Works

Hisao KAN - Keiji TSURUTA - Moriaki TAKECHI - Toshihide KODAMA

The construction work of the J. N. R. new Sanyo trunk line between Shin-Osaka and Okayama is steadily going on with an aim

of the cempletion and the opening of commercial operation by spring in 1972. In connection with the project, transformers to be used

for the feeders of the trunk line have been completed in the Mitsubishi Itami Works and shipped out to the site after the test. In the

Sanyo line, it is planned to have much higher train speed than that in the new Tokaido trunk line with an increase of the power

consumption. In consequence, combination of extra-high voltage modified Woodbridge connected transformers and autotransformers are

employed on feeders in the place of the combination of 70 kV Scott connected transformers and booster transformers in the old

practice. The article describes these apparatus.

E 1.1 (LB 150,000 kVA 25 9w (JYws
TEFRZEE R O S8

150,000 kVA modified Woodbridge connected transformer

for new Sanyo trunk line.
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2.1 z200b 8 E V S OBITERAS O R
Comparison of unbalance factors between Scott
connection and V connection.
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Connection diagram of Scott connected transformer.

(o) By v KT Y we L) vy 7
X 2.3 TS & e
Extra bigh voltage transformer for three
phase to two phase transformation.
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AT feeder system and BT feeder system.
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® 2.5 (LpPime GrABR-—Eiot IR B o ¥ EREA
Feeder system of new Sanyo trunk line between
Shin-Osaka and Shin-Tkawa.
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Equivalent circuit of modified Woodbridge
connected transformer.
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Equivalent cireuit of modified Woodbridge connected
transformer without unbalance of impedances in
each phase.

B 3.3 AW &R o %o B e EE S w
Equivalent circuit and current distribution of
component A of currents.
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Equivalent circuit and current distribution of
Component B of currents.
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Primdly currents of modified Woodbridge connected

transformer.
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Cross current between neutral terminals of
autotransformers.
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(FICAR 3SLTMVA 36if) & 323 LA HEINTWZI DT, il
T BECE, EFEMRE 1ob-doz BT RE BT
BWTEF, Bl 77 BLLOBRG R RAET D AT ENE, C
DIz, TOOEFEE ML L BEic ouT skl e L
2, TDRICDNTEZIRT %,

4 B TREL AEEROHE

pifike> &5 ke, (LIBERi e 2 EHICE, SBOEERI NI

ST - Vol. 45 - No. 4 - 1971




RBMB HHTH. 5B rﬂ%a EfiCE &3 150 MVA
EEITETERR 2 &, AT B ﬂJ LR 2 A/, PriFbE oK
SETCERE &N 5 I0MVA Bk M HEOBYERIAS L. D
T, chicowTERT 5.

4.1 =ERTHE:S

4.1.1 & %

PosMEET 2H
3/24H 60Tz 150,000kVA 3% %
HITTEERS
— 2625kV BIE 200 B (i 60 B)
£25 KV 9 SIRET 2,7 T %
TR 60KV (A D) B STy K 605
60/ 3 KV (B ) 298 vu FJyw #5860 %
fot—duz  —K—A FEE] 15 9% (75 MVA JEHE)
— kDB Eif 15 9 (75 MVA 3tik)

e LT, HRERTH 55, TEHERE 0w AN %
EIE LT, 300 9% FAT 2 pRBlcst UTHE R A 5 ¢ & AR X
NTwn3,

Ak X 5ic, FEANE LTAT HFBEEHEN B 0T, FHiF
FEOEHICI 60KV [l rp sl * du, HUTEE 1 30kV
THHH, EFEML - WAL, JeREho 60KV BIIKIC & 3 %
Y, EZETUML 60 B E EhTw5, HHER {ﬂﬁ i 30
kV-ch b, 22kV puaa B sh s 0T, AT BE9TR 30 %
W& > Tn3,

4.1.2 Bt LoRREHE

N B P I8 FEHO TR V I ORITEME 1 4 ¢35
Jih e, 28T WINCHIN T 2 5235 525, Al Aob—duz @
FERNEILT BRI VMR U- Wi H—Ei & F 2088 L
Vo XD, VARSI E F—E & L, KT 2 BT
BT 2516 Lz, U - W I o WT b RN IS IE4 R 3
PIEREE &5 L5 RETDIE R 5o (utf—dor O HEREZ = M—
THAR TS MVA JEHET 15 6 TH H, ChEFIH Tl E FY i
T LT fuf—4dua AA=H 150 MVA :J;L:%ﬁif* 5% Thbc
AT 2 0T, BROBREHEABEMIC T —RTE AL & R
A5 RERV, SRhETENSREE L, /ér/'ﬁ i&fzﬁﬂu@ 4 %ﬂfﬁ‘&
e Uleo {BIFASRRIE 2 fHTEC, BITARICH T2 1of-4ua &
BES LT 200D 515, HEIEZITER CHZEH AT
HENZDC, C O IHENAESICHETE S, SRR 4. 1
DES R ML TEPEMA L. BEERIBEERAGENTED,
FREESICHE 9 BOMET 207 BT LTV 5, avT YIHREHT,
MR JBATRE 2,7 SIERF OUHRGHEAZE Y B Licd o x
LTHD, AR 2u) THEERICHEET 2 1/ & F— i<
TR EETN B,

LA R E RO DI 2uo)-+ BISREBERICRE S 1
20T, Jovod WA dot - JEE - 207 @Eﬁ%ﬁaﬁa&f{m% , B
TR T oREE e o T B, T, MEAEED PIRESEH B
E LCTESEDE T %I > T b,

PUWRIC BT > TH, HH 10E—dur DR /PI LT BT L IR
I, FEHIHOSIICR T EY, RO SR -CE
REHEITT R o7co XOFER, 1of—doz DRZZ VRIS bTFh
ABHICE Y05 T LATE, P EERIRENOMER, A EERE
K LT 06 A, B BERARIKH LTI44A THY, HEn

ZIESR

IS HRRR I 2 2T TR - 3% - I - 5+ AR

o)

B 4. 1 ZBALEE O FF0es FEEIERD 200 Bl
Winding construction of modified Woodbridge connected
transformer for new Sanyo trunk line.

ot—.| b
1 0~\\‘ b
—
XA 7S AR o9
W,@Qj: d
——io ) d

(b) 734 X2FROAT 5 BARITE
B A2 FFE A FE B o 8k D R G
Construction of core of single phase shell type
autotransformers.
fHTH 5 ERHEEE N,
4.2 FAEEER
4.2.1 & ¥
WMAWLEEN 28/
Hig 60Hz ETZR SLT00KVA & E
l“ ;’&E"‘,{,ﬁ
—iK 60/ 3KV 604
Zk 60kV 605
1vE-dvz 3% (ACHR
4.2.2 RETELORRCEE
C ORIFEERE, H2. 31Rdesh, FHEORELETR
TH B0, HFEHOEER 127KV Th Y, Rk
CEEZIN o7z i, (obf-dozr OWTH, HOAEE
RiETh, i 60 SHERAER OFE 1o —dua OF ’théia
W E fot~dur DF®, NGB AREART 4 BN L.
DD, EAvE-duvaiCh kb b T, MASERE b
BT B TE s
N HEZEEROBEH ORI R 4. 2 (a) 0 X5 nlfEe s
A, CoREETI, 2HOBEIEHREIOEL v () 1ut-Fuz &
B A—tot THY, 3.3 Tk AT it SR o BRI
TRy Bl B C e AT I N, T OBFE L B ICAESIE
R Aot~z 28I THREERD B A, SRR EIIER E ©
B0 1of—402 13 NAWEIN T B 0T, T OiliEE LT 5

31.7 MV A JikHE)

455



Rl 4.3 |LEB5E 31,700 KVA FLEENEZIER O
31,700 kVA step-up autotransformer for new Sanyo
trunk line.

Ee et HIEZEE

A4 AT 5 BB AL o 0 E Bl i
Measurements on cross currents befween neutral
terminals of autotransformers.

R 4 1 AT kSRR AR

Result of measuring cross current between neutral points AT.

e Amum e | B e L it B I
3 It ;
1 667 0 0.195
2 0 667 0.41
3 667 620 0.435

Rige LTE4 2 (b) 0 X5 wERERMBIC Az $bi ikt %
FiER L ok TOFERINE, WHEEE O 5 b LT oBHICK
LT 2R ERIOBKEEATIEL S5 0T, HAIERRE (oE-4
v &, g fob—son %% L/foﬁ(/ci&‘%fwl?‘éo AR Bkl DB TH
B, AT @ 1ut—duz BT PRIEME CREZERER O LRIICEE
TOHEFEELTREL, WWVC}@{/UHF%%Mé&kD
LR R G L iER, K4 4 ORIECOEG O SR i
K4 1DLEYTHY, AR FLOYEIHER I 7,
NS, TEHEEME L FRE, DS RRNHREEEE L
G e o T Y, PERMESRHERESEH SR 5,
4.3 =xEREBELIESR
4.3.1 & ¥
POSHZSED, IS %4 8H
AR, FEERS B, PrEER #2R
Mg 60Hz HTHEHE: 10,000kVA
A B &I HEER
— 60kV 30% (s 6 AR

.....

]

456

4.5 |LiBHrEees 10,000 kVA BEISIEZR O M
10,000 kVA autotransformer for new Sanyo
trunk line,

& 30kV 30%&
{ut—doz 045 F—-4 (0 KV HIHLSD)

4.3.2 &E Jr.hﬂ)’ﬁﬁtﬁ%x_

EEABBEEIT, ov- Me EERERoOMER S h, TR
% L KR LT 60kV/30kV DHBRIETROMEET 5. 1€
—do2 &, LR & 2R oRE R MR LT, 30KV I
CO045 44 MTFEIEEINTVE R, CHIEMBERETET 1%
A L, & BRI K & AR N 50 T DD,
ZEREPIE T S 2 o gsE i AT ic 2wk 35 4,
ZFODK S B a g AT conTik BHE 1vE-4du2 %

ELC 25 SoMRIREER AT KoK iREIN TV, LEED
L5 R A=Az BRESR XIS 7o, BT AIEAS RS
FERH L, FRC S BRI Y LT (obf—dun OET RN - T3,

SR SR B O

LBy pTRiR & TEHSIER O MR R Lie o AR S AL ATE
9w F Y wD FEGIE, HERESRBICEHE N TW S 200 b FERIC
b DA B LWEERERTS 58, THHBRICE T, x5
WRET2C EAMRINTEY, ERECHWTD, FMOMLE
AL S B b0 L HELT 5.

Bhbic, AR E U CH L THIHENEE Bb - 7 1 AR
AFHEED I Te DI IR B OB R FT B UETH 5,

& £ X B
(1) 0%, 7F: ZZEERE, 38, No. 3 (HE39)
(2) [P EEERE, 90-11 (17 45)
(3) #REELWHE - KBS & el e B3 5 BrgeE, N 67-10

(A7 43)

(4) #HEECWS - KB & BRI B33 Ui, N 68-15
(HE 44)

(5) #ETBILHE « KEMACH & TEEMC BT 2098, N69-15
(ﬂu 45)
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BR7w 7Y o VRIGEEROSERE

ERRIC B WT, K 0 (uE-4
VA SR AN
ELTIRD S5,

3. 1 DZE 9w Ty FEIREE
R EDEDLEIEDLTIOLT S, kEL
WICAHFNCERR I N T W5 0T, {LERNE 1 5

Kig ¢ — IR UER 10—
AR o E-dun
Xog + TR BB AuE—duR
Kot X3 — KXo

Xyg =ik

X =yt SR L e — K AuE—du

X12+ Koz~ X3

Xy= s 3B T IR 1otf—4un
X5+ Xos—X; e o — o o
Xy= =B B 3l e TR oSz

2
(CINIBFERNLCHEEZEDT DD L T3)
Xy : VAR —{EEEEE 1ot-4uz
FEMOBRD R E 3. 1 (a) OX5ICED B & ABEFEMETH
DEREE
Var=Er+ Zw (Lov+ L) + Zowhy
Vae=Ev+ Zw (v + Ly) + Zsw Ly
Viae=Ewy—Zur (Tay+ L)~ Zoy Iy p-ovveeermvnerrnns 1D
Vo= Ly — Zyw (Tow -+ Loy ) — Zswy Iy
Vo= By —Zy Iy

ThHzZ b5,
*7, FELY,
Ty 4Ty = Loy +- Loy } .......................................... 2
Ly Ly = Loy — Ly

D Xh, AER LU BERTELRR kD &
Vou=Var — Vs
== Iy — By — (Zogy — Z4) Ly — (Zsw - Za) L
— 2w (Lo~ Iow) — Zyy (s + Tasy)
Vea=Vew—Var
=y — By — (Zoyw +Z 4) Iow — (Zsy — Z4) Iy
— Ziw (Ly 4 L) — Zuw (Ly + Iow)
Via=—Var-+Vaw)

LB HrmR R & TIZEERE - 75 - i - 3 - R

= — (Er+ Ew) + (Zow + Z) Loy — (Zov — Z.1) Ly
— Zyy (Towr + Isyy) — Zyi (Iswr + Low)
Via=— Vs +Var)
= — (By + Ew) + Zaw 4 Z.19) Iny — (Zsr — Z1) Loy
w Zyr (Loy — L) — Zyw (Tsr — o)

EN («» [ 2) AEET 5, i LTR 3.1 (b) %85,
OEMEHER (K D rbWHbrn Lo, AEFPLITBE
DI TRIE IS & CBTERNICH LT EEMEA RN L Twv 5 28,
PO LT REMMER R Lk e 928, 3. 1 ol
B 52 b WA DEIEF KD 5 &
Var=Ey+Zww (o — L) + (Zoy — D) I
+ Zyy (Lor + L)
=Ly + Ziy (Toy + Lw) + Zov Towr
+ (Ziw—Zw) Lw
Vaa=LEy — (Zay + ) Loy — Ziy (Lo + Tow)
+Zw Ly — L)
=Ly — Zyy Loy + Isw) — Zow Ly
+ (Zw—Zwr) Ly
Vae=LEr+Zig (Lo —Tw) + (Zsp— 4) Iy
+ Zyy (g + L)
= Iy + Zyy (Toy + Isy) + Zav Iy
+(Ziw—Zw)
Ve = Eyy A+ Zyw (Lot — L) — (Zaw -+ D) Ty
— Zyy (L Lswy)
= By — Zyy (Lo - L) — Zaw Iy
A (Zwr — Zaw ) L

b, D LE—HLAawv.e LL,

Dy s Zy s Ly e eeree e (s 5)
ARLT 5 & R () @S D e—8L, 3.1 A
BE - B B TRIELEO S A b 3, IO BEICH LT Sk 235K
T 5. THEMEROERRHER, B3 i - BEEEGS
DOIBERFIC I, B4 1of—dur OFRE DR ET 5 L3
RO T, K 3. 2 0%z #HT5C L3 TE 5,

B T e
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UDC 621. 314. 63

EUTBFAYA U R 5 EREE

I'q

Thyrister Converters for Railway Substations

itami Works Suehiro IWANAMI « Yasuhiro UEOKA

Silicon converters made up of diode elements have been used in railway substations for these years. They are assumed to have a steady

standing from the technical viewpoint. Increaese in traffic volumes, however, comes to require the composition of train diagrams under

special conditions. This brings about need of compensating voltage drops on the feeders for increase of loads due to insufficient capaci-

ties of existing substations. Then, thyristor converters have come into use newly to cope with the situation. The first apparatus have

heen built by Mitsubishi under the guidance of the Japanese National Railways for use in Akoo substation as a peak shifter. The

article introduce it in brief.

RHLSEINER L LT, 6k, 4174-F 3ic X b ik
N3 vy BREMEH X, Tk I04ER M L,  FEIiimic D
TEMEVWLEZTHH S5,

UL, —HEERORE, ERIUERICHIEL, MtioMAL
LT KO BRI b & TP A1t DK TR b, BEROL
EHOREARE, D, * BHOBEARIE T I L AR
% ¥ e 2R U, ERATARHC BEERE T % FiIE T 2 %
R CCE T, 22T, PrLL Hruns B S TEHZEIC b
BT AT LD, MR T o T R E ko CHigo
b B YL, EIERES S/S I wryas s G4 E-ovom) &
LTHA L DT, ZORER AT 5,

2. REOWSEBRS LUK

(a) IEHERH 5oz (2. 1)
510kVA 30kV/180V EREH 1&
(b) WisseR
ZEHH (AC7.2kV 400A) 1 &
I 1,500 V T (3,000 A 5E#R) 2 & (5 5 1 ARBEERSE FLAD
(c) =Mz
2,000A/5A 3H (FEEMRTXRA Jvoud N E T 3)
(d) H1yza BaE—3 (A 2. 2) (K 2. 3)

L1, 068 k-

P
o
53]
1251
<2 -
f ™
@
o

2.1 dEE I EE RN
Outline of rectifier transformer.

458 % (LT

3 B Fa-Eon R, BallE @
R R s ZREAE A AR A~ &
i ruas FF- FT500C-16 (R 2. 1)
18 6P x 64
FD 1000 A-16 (F 2. 2)

RAR2S1A=F

2.2 200V 400 kW ¢
Y25 B
200 V 400 kW thyristor
converter.

-3,070

-2,220

|

e 1,995 e Qe
O, S

e It
st e o J] .69

2.3 #4y 22K
Outline of thyristor converter.
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2.4 il

183 5P 14

A JI:Z=# 60Hz 30kV 2
7 :400kW 200 VDC 2,000 A

FlisE#s (100 % 120

BERAEDTH 912 $EiEERE - B - LW

*E 2.1 FT500C Zhpaphgsk Ratings of T 500 C.
KRS
& Bopwe % E o] TP L e a0 o om
N O EOE VRRA v 400 500 600 800 1,000 1,200 1,400
BE AT A E VRsar A% 480 400 720 960 1,200 1,350 1,500
AW B R B VDRAM v 400 500 400 800 1,000 1,200 1,400
AT A BIEARLILSE e VDsar A\ 480 400 720 960 1,200 1,350 1,550
IR IT(RAS) A 780
% W OR #| Iran) A 500 (FfTiRGiEE, BRI 180 PO, RILAM, Tr=77°C)
*o- ¥ E R Irsar A 10,000 (WM, NUHERE, 194 7 B, JHRDEL)
WO T oo R OR 12 Als 42105 (0Hz H 144 7 1)
ALY~ F AN Pear w 16
FiLE -~ F AN Pa(avy W 3
& ABR Y ~ T EEE VFGIr A% 10
VRGM v 5
; Irey A 4
B MR LA dildt Alus 200 (VD=V2 VDRM, T;j=25°C, ~4 7~ FF47)
o e R E Ty °C —40~4-125
W% R He Tseg °C —40~+-150
I i # kg 1,500 (Hfesfe 1,200)
E 4% g 195
WL (KA
i B o wolmo o FT 500 A—16~50 (2 ST 932~939)
A A O SE Inry mA 30 (VREM T, By 125°C)
A A VT ik Ipra mA 30 (VDRY 0T, BREEIE 125°0)
U A BHBGE JE R R Vrar Vv 175 (EIREHE 1,500 A, {3 i 125°C IRl s) o
Yo b b ) HRIE var A% 4.0 (EAWHE 25°C)
5= b 3E b ORI Ve v 0.2 CEHMEBLLEIEO U2 2, BN 125°C)
Boe DO IE Ier mA 350 (#AIRmIE 25°C)
W‘Amm £ LA dvjdt Vips | 200 (OSINEGUE, @ REEULEED 12 BTN B HEIL 125°C)
# JIE i Gir SC/W | 005 (IE&T—T 4 v R ¥
3 2.2 TD1000 A gy Ratings of FD 1000 A.
NS
e I f ©ooow lmoow | TRIOA 0 e s -0
WA B RO VRRM v 1,200 1,600 1,800 2,000 2,500 3,000
o o A Ui VEsy v 1,500 1,900 2,100 2,300 2,800 3,300
AT I11(AV) A 800 (120° MIEE)
A IFsar A 14,000 (M, DOHIRE VA 7 o B JEEID IR L)
TE W MR R OB 1% Als 8.2 105 (60 Mz i 1 %A 7 1)
ARG g 7 R Ty °C —40~150
w o | Tty °C —40~150
i1 B B¢ A Hz 1,000
IE % il kg 1,500  (HEEgh 1,200)
& i g 300
(e) #HimEH—X (2. 4)
B R EHIERE, BAH fa-ton k

(0

Control cubicle.

% 2RI, 300 % 1 4r[ED

3. BBOBIES L UHEE

B (R 3. 1) KoRT XS ]
mEF 5 AT HC ik,

EE BN HITE T 5 H OC

C,

\—/
bl
e
%%
@i'

ZTIHn %ﬂfcbﬁ\
HeoMHIICETIC,
AW R e PR R R 1] z’i’i"LiUH%
HY, BT LTHEHAELY
W TH B LAel-C, DEMERELDL EE, XD+l
)R LCRHFNC 76 LT B0 AWERE M2 i & &

MA%MLrwé Fo s R HETHR & LTk AAREAA-F

R,

ﬁ': ::A!

Y Y122 KPR CI AT S

FHE SAHAPGTT, Yruas B e Xh 3 EIERER
ERNRETTHBT & XVEFEE 1 OC M I Y dAR -3 KxfL
CHTHME 5 B)e Ehe, WHFIC B CHIEREAREFHE LE
e kD 6P DKL LTwE, T Asoy LT EHET

o dijdt, [HETHT Ve % 25252 LICX DAL, 271 AR
BHBELTw3, 3. 2 cEmesEngEEy =T,
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TR LTl AAR817~F (& TH Bk w,
NI £ 0 A% 0°~120° % o fiFH-C, EHHIJTREER
0V 1) 230V ¥-Clltaiiecx 2R %o am0®
~60° DFIPACTIE A AREAA-F ICEIREHNE L W3,
60°~120° o P CHiTR * 4L, T D& & H1yra & WHiC
AMBEMEIN S C kb, a=120° CHIIEEZXO
V& hd, EREHEBICET 2 « Ol e UCREFH
NFEEEIE, FIHEARER O A HIMZEEE - 4 3 28,
ZOBEOMEFERHXTHLDTE X G 1) # L'
(3.2) L7 5,

A 0P<C=60°

Ay R

! SCRE Ty 30kV,

SI0KVA I

Epi+Eps

Vn.:.Edo 2000 'Id—{—l 35 ES COS erreee (3 1)

B 60°<<w=<C120°

VomEyy— Ef;’gogmld 135 Egl 1—5111( -bﬂz>}
............... 3.2
Fers L, s AR 0
Vo o I B SR
Eyy 2 BERY oy ov BRI IG AR RE DS
A I, : B AT

%3 - En + SR BB OBERSSHEE 1502 IR Y
] 30004 Fosun b ERETHIC X 5 EEGT & X

T dqd~F HEERET
Epr ¢ ERRARRR D £-0u04 fi{%if’lf“":% FSuR D
MRS Uroaua & BRIEHIC X 2 MR
T, BXU H1yzs HELR I%T
Es : 41925 ¥EHEE bsoa O KERERL
3. 3RS 1,600V, 1,700V ICEE L
FOEMEREL L ERARER L OMERTH Y, Eek
DD Fe 37 10 & ZHHNFBROFRTH 5,
) a=0 Ll EOARFERCH LT, $1y25 SR o
FEEoIRBEE B 0, EEIEHIHFEEN 25, L
I ] eHo T, TOHBHOHEFETLICDWTHEELERY vy ¥
I - w | !z):uov PR E U1 YR HHER & OIEH 1T osun & RBRETIC
3,0004 L BT, 3 XU A4 F WHELERET DA IEE
THemh, TOEEHLHLNLT LA D, O
(B.1), B2 oWbdk kdic, HMRREEELTY

[T

1.6C0A T

; Q b 4
%\’1 1,500V @ :
1. 4mb J

i
i
i
'

3.1+ WA JEHIEH e B RN R . ST
Single line diagram of DC booster with thyristor converter. LR {fﬂITIJU‘ﬂ(@IUnIlLZﬁES'Eﬁll fkEND T LI
&Y, BOERHE HTIE, ARER PR S B,
b EHLEHIEE Towo M’a: 3. 4 PC??<TO 3.4 K«'YSV‘“C, Hi

RAY SAE m., DCPT i X b Kl &4, TR ERHaIEE % JJ:L
IR L = FAw TG R X LS, —T, ’

I
: 1.7
e S S ; N
A : 0
B 3.2 492 ad%59e iy 3.3 HUELE & BB & DBYIR
Power circuit of thyrlstor converter. Output voltage and load current.
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% I
Ko é";* Reference
& 3.4 CEREIEHER BREERE XU Jows E

Single diagram of voltage control system and block diagram.

S T

Ve

Vi V, Vi

i1
[
Q

R
VR L)t jed Lt La—w? L1 L2 C)

X 3.5 FMEED L2 O %l H K

Equivalent circuit of synchronous filter.

3.6 i P22 0
Oil cooled type stack.

P OREBIESERR I, 20-FAwy BIEE O, BEEHEHT
*‘L}fllm-énf (Cor %, MEROANE BT ERFKIET ) ¥-
FALZ FEER~ED AT, co RN G, TAab b,
BOERIEICH UCHATEIEAS R &, MERICROOEEEBBA

D, MBI TODEZEARY, H-tfua BAl~a#EEh 5. C
D F— HEEOWEXO D AIHE BRI AL, IR
E%E A WMEETE. LaKoT, OD F—t fE~DAN
BRI LD HERR LA L ChRIMESSRIN L, BEEE & Bl
BHEE OENHA L, R THIBEESEBRE voF LT
F‘J@#lﬁ%%ﬁ%( CeWHhB, ki r-2 tHOBHTHIE-K
A CHEE#HDIE L, miﬁ%H’Jeck.tﬁ;f?ELEecﬁAor‘ctﬂw%EEa
Be i, F-t7ud T A+ AROHIIEEEHMEL, < ORIE
INie F-bAvz FiER ooz 2BLT Y1922 D ¥~ ~5 2 b
Nd,

FEFEEY XS AT D C L ICED 4144-F KL B2 <
FeRIEK, & DICHETHIE S BED >I”‘éh7‘c%@<‘: b,
T, BEREC L ZMERCE LETHENr RV ES
Tz, L L, EECORE, BuiLr,z\,,f}’“C"l’i)\ k72 Lo
Pakl, BEROWEH o OB 1 5%, 2258, 33 58k
W3 AT S ERUACIE D, RALTRE AV E WS R
w87 TR NIVl REEHHAL AL > ZRETHD 20

J1 YR HEFER & D 7 FREE S/S L ACTRIRTRS 28 1 R D7

EHAER v 2z BEHSEE - HY - LW

& 3.1 91yxs BTG X UEOR
Failure and display of thyristor converter.

4 |23 & # ER R
SBER Y v 51 25k 51T (30-1T Bhi)
BB Y v — 50 284 50T (30-2T Gi¥E)
AHTHRE Y v — 69 Q 238 6T (30-3T B8i¥)
B = — X 7V T (30-4 T 8h¥)
EHERRE A A 26 T B 26 T (30-5T 8hiE)
B b Lo 86T (30-6T BhE)

Y, EEfRAG P RRRETHR T ab . Lo T, Ao D
L Wi AR b Y22 BRSO CHIEEE 20, HiIf
W% ICEhT e s T BN A, TORd, HlEERR
SR tour ORI X DRI B C L ICR B A5, YUz B
EOEHBVEC LY, 2OREERR AV O TFAREE AL
W, WIHE x5 UBIE 2412 24T Lo —3H, 11Uz BHER
ORERTEIR & FIRER : OMARBIRE L T 5 i, WBE
r 5 FOEIC = bICEEREE & 2 68854 T, FEINERE 22
& LTHE 3. 5 IKiRT 212 ZHAE fa-tou KA LTY 5,

Ao D Lo BiE AL L HVERERE ECRTIEo BERE & &
%,

Ay L Wrasi ASe 4 —Raiiss tsur TIRRE E T REL— IR
W 1+ (D2 & F—1Aua BHD —3 3R o fv’i K= bR
v tag— b 1€ X 0 BT

YUz Bt O BRI e LT, S 1022 WFE ML
chFzH« DY, B Jowr RETIHOLE 720 ICERE
ENTE LD THIB~ DS ESERL, 22, Efhikoifiz @i
(SK-2) % &H Sowy WG X 4T3, ¢ OHH Jowy OFME

BaiiEOMAIIC AR D A7 BFelr2wTis ), chic out
LIVAIT MO R B o TWT, HIHNEE X Jows WIC 278150 7%
BEBCHAKHE LT 5, & FE asws 2K 3. 6 KR, Lk
PoT, $1Yaz ETRBHHFCRE CHEMERE»TE Y, il
MO, (7 ta-d, ZROREHEC LTD, RADBD
HIBEEEE G4 bR TR VOREE TS 2, FTH b IO KK
Ry I XD SN R IR X 2, Y2 SO ORENICH D
I RT3 HEIRC X VA~ E B TR T 2T, ok
AR, TORERERENRCEWT, MRRAARERDIEDT
EEOWHEL D DD TH D, FLWERD duioh kel
MEROHRIC L DOARRZ L b,

AR DI RFRICOWTI 3. LI X3, AREIRE R I
WEICER XN, HHEEHRICR—E LAER 2K > Tn 5,

4 T U

Wik, BEZEBITCHD TSR ETZHH L vru2a
FEEMA L, BHSHo—EZH-oTEY, J1yxz HPEFHEL
KEOEERKIC BB L TE AT L R RS REHEZHET 5. Bih
AR (A TR S CHEEBTRIRE I X D T 2 OBIH BB T A D
N, WHRBDHEND, COPBTORIE B S FEETH
D, BRAARSAPHFHE 0T LT B, CDX 5 ICHEHER O
BOW HElER 1 BHCE e TETr 5 L RIFHABETH 5 &
E2 DR, BFICEF VTS 4% 3 bICHRE &3 L Hfif o Ak
Z, SHOBHEBRIOMBICER Lt eEBLTw 5,

BRIC, 91922 BRRORMICKL D, »oREFgEoRRICH
U CHIA TR~ e 78 7o SRR IRE A ICEE L& D T S B1L
HLBT B LETH D, (HH45-8-13 %)
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Fundamental Study on High Speed Transportation

Yasuo ASAGOE
Yoshiyuki SHINRYO
Eiichi OHNO

Itami Works
Nagasaki Works

Central Research Laboratory

Success in the new Tokaido trunk line has helped elevate the position of railways markedly as high speed and mass transportation

facilities, bringing about competive study and development aiming at much higher speed in many countries in the world.

It is expected even in Japan the transportation between Tokyo and Osaka is liable to coming to deadlock in ten years with the

present new trunk line. This makes it necessary to construct a new trunk line having a traffic speed of 400-500 km per hour. On the

new line is to be employed a novel propelling system with linear motors and vehicles floated with superconductive magnets, which is

fundamentally different from the old one. The embodiment of the project, however, needs a great deal of study. This article introduces

a part of efforts made by Mitsubishi in this connection.

b RENC B 5 WHEPTR O I, AR RS . L
COPEOHNFEE LB, £ OME % T 38k s
G, ChITER, THROPBOWRIETT T SR
FHIROWRTH B € & B Wb I LS, FARHCAER R OBS
ERDMA, P L EEERE LR~ 0B HEDO Y D 2 T
LHIRESD 28~ #ET 3 b DL koM@,

EF, FAUD BT 1965 45, iy fraste KHHHIC X b i
_-EmREtERT (High Speed Ground Transport) o WFSEERR AR A X
W, SAEMTIA0EL w5 ZHOH W TT, FR—kE &
TIAHFEOBIRIARAIED b T3, £ OHEDHNTRE b EE
Wabob LT, REZEE z7e-2 HfERHLEbET, K
j# 480 km/h (300 miles/h) % a8 - 7% TACV (Tracked Air Cushion
Vehicle) KE L2 LbILTE Y, T TR O SBH b Ve b TRl
HREBCAAL S 2 LT3,

25vA T, 7Iobsu (Aerotrain) OFIRBEEFEZTH 5, chi
HEERC YooY — M FOTA O CAS TR 7 BGR LA ED 4 C
¥, TrobiElic kD REHYE 422kn/h 2EELCC B, £
YoPE-RIC X BHE D BHRAEATD 3,

E7e, AFIR CENTE, B KA-s352+ OEi%5] % DnT,
HEEESEE LTO +Suo b TA-050  OBIRRED b Twn 3,
FMEERE - LCo yzre-2 KB LT, Laithwate T % Hd
CEL BLIERTHONT v 5, WESE 27km ORI 2%
HTH Y, ERAETE ovlfo—2ERE XU oo lfo—ovF 22 B~
OEABBE AN TV 5B,

FEDWED, T FAY - 212+ 20z~Fu HTHZFOHREE &
NnTnz,

U584 2T, bAECET IEEFEEEABELRHUTERL
Tnde & KHFE—~ARE OSERERRE, B 60 4£iC X8
A0 ED 6 B EORBECET L TR TEY, BHEOHR
#b I0ELIAIC Ik Z DRFICET S b 2 #EENE, cciclo
FEHEHEE Ll LBl st o 0 Bth BEIh 2

462 GFHIEDT R RBHIEDT OeT TR (L)

bTh s,

COPLAEREIC L, FEROBGE L 3L - 7, BRGE BB LT
yzrE—-2 SKENC X 2 #FE iy 300 kin/h [ oold@idgkiE k95 ©
EBHEE L, TIoBEFE X L HlbHsE & N b~ &
B O ERAC BT LI ELTn 53,

PR o LRGN e The2 R T 2200 e
DRI DT, ML ToOWRKEEE D € THIN L v

2. BERIHEOEARER

2.1 EEEErTESS

IR I EEHEGE O 2254 BREFORBIHETH Y, T ok
& LT — AR, LR TR e REEE Thtwnd
X5TH 5, WEHEE BT, Lt o CHliE & oMo 220 2R
W TOIRRITBET 1T » 2 b DI, Rwsi FEEETo Bouladon
DUFFERD %0

WVIEYE & OBBICK LCABIN L U bh 5 PIgERi ¢ g L

F==6.6 03 @.n
DEHRER T 5,

K (2. 1) ZABOFEEILICEYT 2 Weber-Fechner o kfilc #24
FEy0T, £2 1icwd k5 iR 105k -k & & OFTE
BRE2 5L 23T 2 BRLTRE. Thdb, HE—KBRME (440
km) (o & U giEsEE 600 km/h ¢ oOERIFGECE LW &
Bhdh b

F 2.1 IEHELREOBIR (=664, v=dj)

Relation of travel distance with acceptable time.

B OB d Woop ¢ ’ = N v % l
0.4 km smin 4‘skm/h %5 5
1 6.6 9.1 HH A%
4 10 24 T, R
10 13.2 45.5 W, \AEiE
40 20 120 BRI, 5 HGH
100 26.4 228 iR
400 40 600 AT Ak
1,000 52.8 1,140 Txy b
4,000 80 3,000 SS8T
10,000 105.6 5,700 HST
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—, B T A TR E D SRIC A LT
H¥iNTs (K2 188, && 2 400kmfh & 500 km/h % i3
2L, 1§24k b OFEH T 2,500 kW 35 X8 5,000kW & fZic
BB, THITHL, I «l L CHEE B IC X HIBL, &Pl
DFHL (2 730 2 IRE Lc & & ORI ¢ XK 2. 1 DR

AKEETHEINTW 3, Chic BHE E—KX L il E—RR2D 5.
B KR CREEEECR b K E AINIEER S D 5 32,
B0 2RI X 2EEMINCEEE 223 5o
o Ll E—KETREBO LB AL, B LICRERRT

REEFEDHT X O TERDETH DO THFITH 525, SUHHE

k5ab, 400km/h & 500km/h & T 10 HOWHIL & D LER ORI SR & O TEL, W ASERIC 2 5 RERD %o

WE A, WAL, FAUN - AFIR - 250RA ED YIrE—2 BB LA ET
HRRICHE, X DICHEN - SRR R I A 7 B B s R ARCH R HRTH 2%, DREOHF— KB X 5 iciik®

TH LD, TILH OFERD b IFEiR g 350 km/h 2 b 500 km/h fRE PO Z W ITC XEATOHIE D Prig X L— X T~ & &

FTRRFEHED RS 55 0 L BT G.
2.2 BEEHEHN
koo B L A BT B 2 0 OiEE
HOE WD DFE 2. 2 IKRT,
b, HEELHFTDH 5.
(a) #Heeat

RgkiE D7
T

M*W%Kiéﬁﬂfﬂfi,fﬁmﬁ@kbﬁﬂmCsmkmm

e LD 98
FOIYONENDE ¥ N

Hbitse
(b) HHHR

Gk R,
TRHCETICH T 5 D e

Z OFRAL 350 km/h L EZ b b,

L -TC,

k33 EFRAER &N Tn 5,

OB - - B - JE5 5 0 RN E <,
W OMRAFRIKE M E 2 Y,

FRL FoEEHECH LT, 2285 5 wEBK
7R icBY LR E TN

2 BB b B CIRMEEIE LCD YFE-2 {b2s#z bh, &I 7502 TRI T 422km/h OEHAETTICY
I LT 528, B LERCHERS 5.
ek LT, BEYE a2 LaBRE L RS EEE
6,000 120 EOOEREL, BLEIHHBERAEICE b0 LTHER
5,000¢- 1001~
%:E 4 /‘»O") - é 8:}
S sc00f- 6o
0,000~ A0
1,000 20f
0 0 L : .
© 100, 200 300 A S
vm (km/h) 2.2 EEEMEIE L, v-7T- BEE Rk
2.1 FUE L FEI N I X U High speed train propelled by linear motor and
Power and time vs. maximun velocity. suspended by super conducting magnet.
2.2 EdgE R High speed train systems.
TRy IAS =7 =
¢ W u b 1 ; ;
# E WM B w4 F v x4 % LI oo % U e
| () HmETE ! : i _
! t RS Al FEPZS s D UEE L — | EEPESE - EEIE R
n a0 | 70 BRI “ TR o
o , | P4 PR KRN, | EES L -
Bl K s (250) (63 75 E (ko
| —)
=y )~ FHEEK BTG LUV V=T e X - WU I fA oA
an B . RESESCRL L e - HROES
95 45 0 B (st 2 m) RARRBOT T ¥ U | G A KU (R
I (2000 73 AR OBE | 7 REAIER Wb A ot 21 X YT -
WA A P~ E ETEHIR 2R BB 4R
(A) WMTHEEARURM2 Y7 [ 2T 22 a v Yy=TE~& BOw - R X Y R
o 400 20 V- b HAL =y BRHEN %5 - R S S A AL
o] oA B e CRFHRD TR
j’: (340) (25) 27 sy ¥
E
(B) FRiz vy Y~ M | BN V=7 E—  HREAE (IHJ_L»JJIK <)
4 400 % Bilin =7 =4 WL~ g R ;
;ﬁ( (IR L3 L URTPRE | L H e~ 7 A vRX—= ZICEYATER | WXL 2> - BEB YR
® e (340) (25) ) AL o b v A NOFETTERS
- AR | Tus s ER HIn

B R R g et LY 5.

TRE S OJETEVISE - Hulk - IR - KU
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ANT B, Fo BRI R RS S — D -tz 1Kk ic
ﬂﬁ’z LB THEMT 2 20iclE, £ OffikoliERE IhTs

y WAL Yh B,

2.3 BETHKZELY -7 E-sEDXEEEEY

Pl EOBRIDERFEIC B wTREE Bbha g2 20
IIB, F2bb@BRUMSIREE, Hik—K 1-re-g BRENC X
5H0DTH 5B,

COHKD 143 ¥ T 22, HE 2. 2 KSR 7T,

BIBONEC DO TRIRELI T CHR<2 ¢ & IC Lk,
3. V=T E-7 & FOHIE

3.1 Yz7E-SOFEBLEE
Yz7E-2 FEHRE -2 2EMRICEI L b o, BaTe L
— IR & TS T M2 3 5 kM & ORI A AT L,
%mam’\fcsﬁﬂ?nﬁm@m ERICH Lz E-a Bed 3@,

—cE, B3 1IcRT X5, T2 0EBRICHISELT Y
7 FEE (LIM) - y=y FHHE LSM)® - y -7 B (LDCM) ©
BELONL, TRNEFIOBEL LD,

T ONRGERE CEREOE LIM X3 L MbhT B D
RE I TCEETRI SN TWEHRDIE LAY O U7 Gl
REEE A>T B,

3. 2 dEEHEGEM & LT oM & yoye—2 % LIM ©
EX B EOLARECHT 5 b 3. HEFRS X CREA%
SIADNE T e mb, Pz 2IREEE T2, @B T R
Tw3EEbLRLBED,

X 3. 1 &gk 400 km/h, H Rk 2,500 kW, #9723t o
YZ7E-2 OBWREE 2T R o 70 b o, Hikic 14 0E % (25m)

£ 3.1 KHEIzre-a2 B

Several types of linear motors.

LIM LSM LDCM
() =T BEEBR) U =7 FMEHE) (Y = 7 VLG Es)

Gap A (1 em) K (10¢m) XK (10cm)
Jliguitsaid B fF B8 i &
iotricnted Bk bodik BT oMY S b
Z KW Al 7 } NI ] OB
k) GZ.LA SCM % H) | GF.LJ SCM % #iRl)
Hy LFAE 4 vN—z P4 raay-x TR

£ 3.2 HE—&KR v7E-5 DR RE
Basic construction of linear motor with primary
windings in track.

% BN LSRR 3 VBN &3

~ R CB5E T

g i T 3 L AT

R TRRBRST) ) A CEf s Tir e

AT B
L =R
EF w5
TEAi i N EN
AL 7,
B PN N
464

MR CREINS LELIEHDOTH B, COBETFRHEHCH
2ton, TIREMAF IS 250kg TH Y, HHNINED O -4
Bk 09kg/kW & 2bwclR L Eh, J-7E-2 OBERRL

T3,
BRI EHE I 31 2 B ADBIE A, LIM o A5k X 2 %)

ROZDDIINETTH Y, chiCoOnTRERNITNTE X (LR
BYZRIHRED b T w5 ®, 44T % 3. 3 BciEN 3 3 Sthakg

XY ZDRE:RTTHR > T,
3.2 #iEER
LIM IR e AU Th Y, ZOHK v F f-LloF
LEIREEE S b
7}:(1_5)7}8’ 7}5:2:rf ..................... (3'1)
T s 2Ny, v REWEE 2 #b 1
[RHBH FEE G 2 R X FFA 5 i, o f 22t xe 3
@ﬁif&l’i@ﬁﬁ(oé 5o Tk ERERMEE BT RIE—FoBEE

0350 BEED BEE L TIELAMICE L X2 5 00D B,
{J;’;iﬁ_:ijgf‘éifﬂﬁﬁx@ ELTEEOXMC LV FHThIE X v, &

T AR — IR Th @R E—EodEic il ahizc Lk

3.1 yz7E-z BB

Example of high speed linear motor.

%) [E Veax

3.2 TEHE- RS

Pattern of a power source.

o
& E v

3.3 B X 58

Thrust-speed characteristics for fregency control.
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3.4 HEH IZre-2 OEIHIE 2254
Power control system for high speed linear motor train.

T roy § 0% $of &

< > .
"\;”"" ! g O xm:x;g o% owg 0% | OFF X;

|
i
!
!
|
b
H
|
I

B 3.5 FRIUIC X 5 FIAE R

Train control system by central computer.

b, EHEEDESTH B,

F3.25XUR3. 3, coOMDOMEZHRLEDDTH 3,

CO XS il ETT% 5 A0 AEEE T AR (VVVE) &
e LT, Y1urasvi-a I X 3 5IETE A R iuEm (FC) #3
Hwbh b,

&5 C LIM oM b—& 111X, 2500kW/25m 3 Zb 5 100
kW/m oFECliliaAcREINEC LA b, TO—IK 3L
BRI DI, 16 RS IETSREE 400 km/h -CHEET 2 b T
36 PMMTH Y, EEMEAS 2L LT EDFMHEREHDT
BEndorrs,

T O X5 RARICHIHEN % 4547 5 2 OB vazs ORH
M 3. 4 IR WEAENZ 16 MK —FIHEICH L, AENE
¢4 400km/b o & & 40 MW, 500km/b & & % SOMW T3 b,
CHICEPERPREROEL, WABEND A EEL D LB AR
ERBTERTFEING,

H E—RA T, Bl X 5B w276 % i OB I ICHERL
TEARRERMBELSE 252, EHiNCE, M EOHMCLY &
FIEOHEEITAS € LHTE, ReRERCIETE LA EE
ZbN b, 3. B B REHEIC X B Hlil va5s DIEARFERZ R
L7Zcd DTH B,

3.3 BEEHRERCRRER

YZ7E-2IC X 2 400 km/h Ll R OBREIE BT 5 %0, 4%t
T E 3. 6 IR EHilnY & EiE R B R B R B e L .
T OFRBHEE BERICE Y Y70vav -1, T hb BEIEMEHRE &

TETRIERERIE DIETETTTE - Bl - PR - AT

3.8 HEHyY-rE-R

BEREE A 1 K a1
Primary coil of high speed
hnear motor testing equip-
ment.

3.7 M YZFE-5

4t D T
Stator coils of high speed linear
motor testing equipment.

i i {
; 4,500 5 4,220

@D JVaTE~ZX & WRRER @ FUH=Y 7Y
@ VT riavi—n @ EETFRHEE H <y rF

3.9 WEH Y72 RBEE SRS
Aspects of high speed linear motor testing equipment.

= AKX yore-a2 BET (R3.7) 29Eaici Lahge

ZoTwd, ®3.8 1AM am 2RT. HMEEEOLRIN
3.9 KART LS, YorE~2 BET, EGEMR (Yrsvau b-L),

BIRIEEEE & L COBEMAER, mEIERES s X UERD) AIEST
HEEDH DR EN T2, #EBH 1zrE-2 & LT, 0P
BREEFE Y70vay L-1 OMEREE LEFBEET O 2% H
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A | ne |z
D agac | ] ,
| =t iiohet iy B i De
B 3.10 BEAERE Jowo K
Block diagram of experimetal circuits.
700
600
= 500 =
E; =
T X
s0 |
K:j Y x;,;? 200
~50 ER Y
3. 11 Bl y-re-a B R
Characteristics of high speed linear motor.
® 3.3 EEHEUove-2 RPSEEET
Contents of high speed linear motor apparatus.
BEEY =T~ 4 B =7 -8 BEY =T =—2%
1 b3 300 kW 150 kW
& og 550V 550 V
1 i % 300 Hz 300 Hz
oM @ g 432 km/H 432 km/H
G K e e 350 km/H 350 km/H
e ] it N 600 kg 300 ke
24 3 i )] 300 ke 150 kg
N & 3,500 m
4% H'S P % 3,000 m
£ & TEHE A
@] 73 = ] Bits PN H by 120 m/s
fi X H il 1,000 kg
b N N o - e 2,000 kg
# 3 ¥ Y [Ekekiss
H pil =il S00kVA
# E 380V
HoH o R E B 5 | 760 A
f5 4 #% | 120Hz(5~350Hz)
[ i % 480 rpm (20~1,400 rpm)

FELTEY, chblnIn b ZHOEMRNFXOWEELE AoTw
S0 FREMEAIR (V7ovay Lb-1) & LTI 3em BEOFEMHKE
Hoetwi, BBEBEOMs DBTEE 3. 3LFT,

BB 3. 10 oBBE Jows BICRT X 51T, ERAKGE
oHiJr (&% 350Hz) % &M vore-2 ek s it k),
(i PR ekt 400 kb B - oEic ¥CRRBIEfTAS. ¥k,
yz7e-2 OWEH, HIFENER vorE-a BETF LR b
 &E@ Yoo BRECHY {72 o-Few X Y JlET 3.

B Uo7e-2 1€ X 5 BEERO 1%, R 3. 11 IKRd,

REROFERIT, KR LTo#S0RRRREE LM
L, MBI AHLTED, B0 L5 K RKIEROE WS
Bk, MHROFHEEH LTI REIELTREW,

HREOEREHRER e LT, BEIAOMESH D, 7z ZKE
KeT330nBFELNEELLNS, COBAKE, WIROF
Y REI AZDDEFHIESN S, COERERIIVTIEHKN
Tsab #7425 X SiHFTH 2,
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Fh, DX 5 ARCE LTEYAREE MV RRE I TE
D® y-rE_ma ERFCHTAEBLEHAZWEE LGN LS,

4 BEGHSFLAR

o EE QR KR E LT 7uh @ Powell, Danby
FCEBIC X o THEEBER Lo 7157 SR GO0, HhatEic
BT D IHUIEAED T W 3 2%, ACTRFE R R
W LT TR R IC X D BHE R 5% A R L, Thvb o
R BAIT B DO TEY o1 1T X 5 w50 BREER B R L
DT, C OBERHENT B ‘

4.1 BEEEOBTELAR

R A O SR e LT, 2.2 3k UKA4A. 1R
FESICH | o - W oL RIEE L, B L o B EEERT,
BB a1 2 HEESCREY, Bk o RERBELTEWT, &
M OBEIC X - THLE 21 KHBET 2 Eif L 3.k o OEIIC X
o THET 3 ERHICHE v ORER /T 2 boT, BEYY
FIFS 5 T LG R 2 AR 011 CHREI 2D TH B,

HERRICL 5 &, B S IETEEARTR D
R E (o), 2) W8 210 BE (o), 3) WUHE a1 ORFER
(1), 4) B Lo EFE (Urp), 5) EEafwltes Ak
D IS BHLE 31w D EwF B (rr) TH %0
£4 LICHRT XS Ao w50 FIE (1) 248% LOHE 211 58
@, RS (WE o LES) Flee ), (HLEofw 1#2)
Fr(@) o HMAZE4 2 KRTs

12 LSO BE R IR A OIREISE, BRI < [T 1% BOcE
ATERES AT OFHEIMATHRS &,

(1) Fswdvud (RSB 1ZL00) REREE Tl 1% diikT
HY, ¥bBTAEn, &KL, 100km/h fif o EEICEWTH

PN

4.1 BELHERFIHEOHE [ o & HLE 21

Magnetic suspension train with train coil and track coil.

® 41 WIELesL OBER
List of constants of magnetic suspension model train.

; = F A I = F A I
ir 9m 9m
iTD Tm im
IR 3.18 m 1.0m
IRD 0.15m Om
@ 0.5m 0.5m
w 2.0m 2.0m
r 0.04 m 0.04 m
40 0.25m 0.25m
nR 3 10
L 3.85 tH 1.37 utH
R 24.9 uQ 6.8 10
T 0.152s 0.16s
I 200kAT 200 kAT
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4.2 TSGR EFIH ORI o R B D)
Lifting force and track current in magnetic suspension
train (model I).

cool- Fpr UiF L I0MRE
I Y O N ety
Ei 1
=0 EFLFE (11) —{10
r.i,‘; ——— EFLHE (1) C —~
= 1% 280KAT >
N LE2.37ulz L 123 & V
<
n w
GLop ok
b3 BN
L 8
roE
ok o ' ' ’ : 50
o 500
v {km/h)

. 4.3 WERUL Lo LIy - BIW) L Y (=501
Lifting and drag forces in mdgneuc suspension train (model 1)

AR —

i
i
H
i
i
1
|
i
1
[
i
H
!
H
I
1
1

4.4 EEEEIT LFIEOSHFR
Cooling system of magnetic suspension train.

B DRKIEHET 50

(2) REZ(LITr 2L B/CRBLIZR ALY
ZIE LA, LEZMLE 2B« clkE Lcsibd 3,

(3) RMEBICET 2 ENIOIRBIRE T ICEE A LKE LA
23, 200 km/h LUF OBEECTH v 3K ¥ » T &I LI DIREIR 13 /)
ER YA

B ESE D

PR - ot - T - KT

(4) FIC iy < IEN Dfkfld 100 km/b LIF o fR@HKic H
D, TOMEIICIZIEEALSERELE V.

(5) S8 21 ICEBASHIET 2 2 wic, Bk a1 A3E B

TR & OfAEERS T BT e A D, LEOHIE a1 l2nT
E?‘cia‘%é? <, BOFE L ERET B & 21D 525, v OfER01~02
BEL TG, Ao EhTERH LS 2BETH 5,

(6) lrp DEREYLEKE ICRETIE, B ENIOIREZRE
WL KBTE B, ‘

Pl o 2R LCEBCT D, p BELCARD, 2L ORPY
DEHIAWEALT 5. B LITBRE 2L 2HD, BLNOIREHR
MESEFLFIH (1) OFETEEE4A. LDk 5 ICEELTEHL
ZeiERE 4. 3 KR,

COHFXTORESIIRA 3Thbr 2 L5, HBIIO -2
(EASHIF D INEACH B EEIBICHET 5 L TH B, LA L, C
DHEICOWTI e & 2 BEHEOM |- a1y OLERRZEL7 Y, #§
BUHRRIC & » TIEBI D yo 2 RELTEREHBELDRTED,
T 2 & HB5TE B,

Tl o EEE NI T S e wie, @k LCHi L
DSHESIRIE 42K opg ik s B HNT 505, omifo—#E
K 4. 4 CiRT,

C O vz 6 WA O HETIC R R B ORI AN D6 % i L,
A L7z AU RS20 LTl L, < v SR E-Cifl L
TR 2 3 DTH 5,

Fie, R oL B HACIREET AR, AL & R
OERFE LT 2 N OERICTH A 2 WSS e 5. B TR
¢ MHD #EMROBEE o1 & LT, o c-Faliic
¥ DA (ST ol itb - Tw s 1,

4.2 FBEBAANCLIZEFARRES

ST o BB LR R RS B I R A O R i &

% K OHATHEN L DT, MECERPERIT & LCHES a1
P R U e PR E g & Tl |2 o0 B BHEL, Chic
ESiG) Lfcilﬁuu ML HHDOHEE a1 % o-Few BN LTI'!xI'ﬁz‘ L'C,
DT - I - O Au I X BAREEE D) BIRRCE I 5 8E
'&'fnﬁk L7s

CDBOWHE 2550 OHILRAR 4. 20 BYTH D, WL
o K2 TEBBHNE 2—FAv2 L, HixaRdoifioT
W BT 2 5T B8, BfE ne=3 D 311 ZHEH LT\ Bo
cofl, P o & LTRSS XL IB oL, E IR
SEI - W RT3 o TBKEBIE L, ¥, HMEIKDOWT

R 42 W LB OFEIT
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Fast Switching Reverse Conducting Thyristors

Kitaitami Works Hisao OKA . Hiroshi GAMO - Takahiko lIDA
Akira KAWAKAMI « Tatsuo MIYAJIMA - Mitiharu ISHIDO

Fast switching reverse conducting thyristors, with a large current capacity in reverse direction by integrating an antiparalleled rectifier
diode into a conventional thyristor, have advantages over conventional units for inverter and chopper use. As it has the following
merits that : (1) easy to fabricate higher voltage, lower conduction loss and faster switching speed devices. (2) not requiring antipara-
Heled diodes in application circuits and simplifing systems, and (3) resulting in a compact communication system and high performance
compared with conventional thyristors. Now Mitsubishi has developed a series of fast switching reverse conducting thyristors with the
rated current capacity of 60~400 A in forward direction and 60~150 A in reverse direction, the results being reported satisfactory in

the application of field. This article describes their electrical characteristics and ratings.
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Voltage and current wave forms in turn”off.
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Characteristics and ratings of Mitsubishi reverse conducting thyristors (temporary).
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(Ga, <Al)As Light-Emitting Diodes and Their Application

Kitaitami Works

Taiji OKU - Makoto ISHII - Wataru SUZAKI - Yoshio NAKAO

The light-emitting diode has a rather short history in the development than such semiconductor devices as transistors. Among them

visible light-emitting diodes have been introduced later than GaAs infrared light-emitting diodes. This article makes a report on the

construction of surface-emission type red-emitter diode made from (Ga;-xAlx) As and their emission characteristics. The brightnesscurrent

density ratio of above 130 fLJA/cm? is abtained with diodes having no plastic cover. Discussion is made herein on the problems of

application of these diode. As products of diode application hybrid type numerical display devices are also reported in brief.
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X 2.1 (Ga-xAlx)As F&4 d14—F O 51 R
Die structure of (Gaj—xAlx)As light-emitting diode.
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(Ga,-xAlx) As light-emitting diodes ME 112
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High Voltage Power Transistors for Color TV

Kitaitami Works Hiroshi SHIBATA - Shintaro SHIMPO - Tadao KATO - Keiji KIMURA

To turn the color TV set to solid state has made a great stride for these years. This owes a great deal to the quantity production
of power transistors to be used on horizontal and vertical deflection circuits.

This article describes these high voltage power transistors. For use on horizontal deflection circuits are 2SC1153 and 2SC 1153 A
in a 25 A class, and 2SC 1154 in 3.5 A class ; those applied to vertical deflection circuits are 2SC 1151 and 2 SC 1151 A.

The paper also covers the report on the production method, characteristics and examples of application of these transistors.

L% A #° x

D570 R (LT hs~ TV 21E$) O d-utsuoza (L,
TR A AR 1D QMBI L7 2%, c il A-wbsusas b0 &
DT A - MERAEEHC T XL ENH rsvsas O
FEALICAS L THRRNE N,

L, #-wb30822 16 ho- TV i, §ileo B 11,
IR EE WO SRS B EOMPO—DWF, ASERF - Ml
A - R LEECHHT 3B tsuTz2a Bk, HE2EIC <
HliCH BT L, WE—DR, ¥YhbD rsura EHEAEIC
WLTHRTRAL, EBC LT, 2~ 3 KIEFNcHEE LT
MERMiR X2 A Y, EiAEIE svwaar B Ibicg AL
TnieZ btk %o

BT, n5- TV H&WIE Ao-tsvgza &, fkoMEATth -
ezt TH L e, ILICHEEREOIKIC L b 45 2L

(Ffic 110 FERM OHE sLE ~OBIT) KiEAE LIT- T, %H,
HERTTHOLNT VSR, COXSAERICE 4% X5 Icha%
AN HOBME Ao=-t220022 DH L FE LE T T IKHENT 5,

ATEREA bsvgza 1K, 25 A o 28C1153, 2SC1153 A,
B LUC35 Ao 28C 1154, EREN rsvwaz & LTRE, 2SC
1151, 2SC1151 A %% 3,

CNO DERFHEIC D W TRBINT 525, b AFHE (R ks
B OMEER - FIROBEICH Liti< T80, thbd t5u8
22 LENTH, EEDTE AL, ZEIEIE XV b 2 RERK
HOKERY— A2 B LTWEOT, BIEOL AL FREEE
SHIC X 5 KERBEIR T OERRINROET [Tk 5,

Fifice o k5 AfidETl, B, SRECHkT s 182 R
PIRICE 0BT 2R TEBDT, FERCHETIRMDEHLT
TR %L, EEMIELAIERICESC R 270 BT, #& psu32a
ORGETTHE, R, ISHMEIC O WTDR 5,

2. A5 - WkkEs JUVEREHEAR
bSO OERE

2.1 X¥EFEmANS P URSY

bSopizg ACEMRIE RO AR, B L UEBEMIEEZE 2. 1
AT HEEEICRT LS IC, tsugza B LU duf-d44-F i 2
fwFud FFE LTHEEL, 2149F @ ON . OFF | & - CF[ a1

480 JLFHIYERT

gy

SWY,

Ay FER

® 2.1 psuzza AERAZRARTIE & 2O HEE
TFundamental cuircuit of transistorized horizontal
deflection and its wave-forms.

LD E Y PEAPTN D, Thbb, 21wF ONK, (R 21
CETERRIICZ LT 2 AL,  avwF OFF IREEHE 4100 IR
T LCHEM OB RIE T 2.

2.1.1 avsdER

ARFWEAF roo22 ik, REDREE %15 afwFod ICTE
23 DTHRINEADLT, voat-o il lor i, HERRET &
Y IRE TR b D,

Ter=3y,° e .1

Py : {GAES (mH - A?%)
Ts « FEACHAR
Vee @ BiFEE
2098 h3~ TV CiE, 10%D F~Azxtvv ¥F AT Py=221mH
« A2 Tg=50ps, Vor=120V TH 5 DT, 3 (2.1) X b /R
T Loz W 184 A 2 b, EHE Lo BRIE 25A L L,
R/F, SEHIEEEZ2RS S22 KDWTH 3.5 A % HEc
Lo
2.1.2 avLsyEmE
ASERERIEIC B WO, MBI Jvos 13w i KE R
(Ao BIENEIMENS 2%, avo2 #iiiE Vepy i3 & ORI
ABHOTELTHAL RV 2518w B Ver i@, K (2.2) T
KoohdDT, Vepx BT DML E2EEL A2,

SRR - Vol 45 < No.-4 - 1971




E 2.2 LW ic, ve #1B

ip. ve wave-forms of cutoff period.

_ AR
TR

2098 h5— TV Tk, JE8g 135 us, Vee=120V TH 5D
f,ﬁxleﬂwﬁwwa&&i&mvaqég?W%E@ﬁﬂ,
FREOREHERO - BECHIMA LN S X5 Vero i,
1200V Bl % HEge Lk,

2. 1.3 ReTMEER

KO RAERTE, ST tsur 2T 2518w IR HE,
Wit s s X, ZREO 7o-F KT 5EEE L T3,
b Lo DI BRI 7—o IR ZBC Led » BRI M5
&, D FI-F hy-F D 70 HE-CHGIE R v WRIBIC % »
el &, FBEONEEENBEOHOFRICK b A b Tl
T PSRRI psovas I L, ovos S IEICHIR L
T 130922 BWEI L2 2 H3H 5,

TR BREONMCLIGENEC Y, Jvor WRAEFICHAT
Do LieHRoT, TOXSRKEBIHA LIS X o iR RE T
Lic <, DEMPBERIRDIRG t3uias G 2 BERD 5,

2. 1.4 avzyERTERHRE

2 233 ko, MBI avoa BRI Lo 3h
VPR 12w IKE X D5 Awy BIEAHIEN S, JLoa i[initfi)
U & Rk Bl R I BRI O —RiC 4 B 2%, SR LT
WRITE T, ho b2 IR oo T3 2L o2 A0 Peo IEIXT
i D (l)

il Py

LT Py ICO) ........................... DR
%WWGTh&} (2.8)

T« AT

r ¢ IRV
LadoT, Loz BROUNED 5w buuzs WlTo
BIHBIN UFBT 2, WA, 150922 D ILo2 B TR

SUTA
FTELZRGEITEISKC m%ﬁ“l‘?‘é BERH Y, 0.5us '»'FJE‘#
b L7‘co T aL92 Tﬁ»ﬂt FSuoas DGR LF-
BDFTERXET B XL B0, B ﬂﬁ%¢é<?5la

B33 0ERD B

2.2 EEREAIS VRS

—fic, FEERAHIEREARCEVEL, R o Ko F
Y IFERETH T Tk, fodoauz B O DIRHIEEIC TR
251 Rwo BIEDFEET 5. UTCHEBERAM ts23924 i€ %J\é‘:n
LEHERRD T

(1) 2318wy BIELL ED aL98 1202 FIME Vero 2 32C
Lo 2008 ho— TV DiFE, i s d Vero X 450V Ll E% B
ET 5.

(2) REWEFBIIEWT &, L+ Wil Io—Vor BHVEUE S

h5-7ULE FEWL Ao-5u0aa - R

KELER D20, TIRERFEC R ks tsuize OERTIE
T E AL T 2 HEBD Do

¥, WHROEBET BT 23201

(3) HHERMESAKE  pOEBERE VT L,

(4) 2voa 1208 FEREEAVNE 2D aLoa knee FiA X

Wwo ok,
3- n¥n+(‘: %o)ﬁE

&K 5o BEEEHEE A HRE-T, B3- 1 DX5 % 1ts+
-2 FiER & 2 TWBE DT, TRICDWTERIT 5. KPR
A bsvvzs o6, BREFHSCHBIC R 2 DBKO 3 5 TH 5.

(1) Veso 1,200V, Vezo 500V LI_LOEMRITEL

(2) ZQEEWIER O BISTR

(3) GEPETRE ¢, OIS

3.1 EmMEE

B LR 5T 2 e v ik, — BT oL o I ORGSR HHRIEE
BT BYBETH B, —He OBHEFEORE S RETES

EERRIRE DT, JLo2 SRHHETIOREK, DL o2 B TR
DOYKE E T OT, TELETELEPUER 5 < 35 285D
%o B3. 2 it 1Ea4u-LR~-2 OB DEE D Loz FHhitIE
L, NEoEIoMEERT. B 3. 2 X D @BHELE 1,500 V
1A 51X, P800 em, N7Jg 100~120 4 AAEM A TH 5,

B 3. 31 1Eatu-uR-2 T MSoTing OHYOTE & W &
VBN MER LTV D, -2 FURI 107/cc DERETH 5 DT
L2 -2 BRCHHHEITEEN L T %, ZBEREE -2 fiic
01~02u ULAMBRS, B & A Y avaoz TR 5
2 WP O MR & TR & oBERI

5o TEAFDTILA~

T O g o ,..\ ........................... 3.1)

THREN Do
T C Ve @WERELE, Emax R ATERME, X, 3 NJEOE
&, Np IAHMRIETH 5,

Si0:
S — N
y TR
=19
X 3.1 %5 B
Construction of transistor
2000} 120n
=
=
1 H H
o 2 4 6 8 0% 2 4 6 810
) Dopx ng concer matlon {atoms /em®
) } B !
500 250 7‘“ ZC 2% 12 5
Resistivity {Q-cm)
3.2 Vg R OBIF
V'p vs. impurity concentration.
purity
481



i
I
i
!
I

B33 Nyt g & 8 EM»HE
Impurity concentration, electlic field and potential profile.
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B35 13wa t A-2%EMHE
Configuration of emitter and base electrodes.

® 3.6 # xr K

Configuration of high-voltage transistor.
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Ed AL Ao-tsuzza X, BEEREC YD 2OMEERO L
ERTEL LW THINWTHD 5, ERDIUEIED Ao-+5uIa
L b, 2 D ESEEAEGTE 3 1822 T oo
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Ratings and electrical characteristics of 23C 1153, 1153 A.
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Ratings and electrical characteristics of 2 SC 1154.
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Typical output characteristics os 2 SC 1154.
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Transfer characteristics of 2SC1154.
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£ 4.3 2SC1151,

1151 A 4%, BRAEM:

Ratings and electrical characteristics of 2SC 1151, 1151 A.
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Guide for selecting CTV deflection output power transistors.

) _
EE T TR B S R (I ‘ E
5% 50° 25C 1153 2SC 1151
e 90 28C 1154 25C 1151
3 o 28C 1153 (e
20 90 23ens e 25C 1151
0W  90° 25C 1154 2SC 1153
0% 110° 2SC 1153 (27) 2SC 1151 A
5 XEEEEHA S YRy OWIERSIEE
5.1 #BFE
ATHRE bSvoas &, RENEICE »CR S EN 2 HE L3
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High Frequency Fast Switching Thyristors

Kitaitami Works

Shigeru FUNAKAWA -« Hiroshi GAMO - Takahiko iDA

Akira KAWAKAMI - Hideo IWAMOTO

Increase in power handling capacity of high speed switching thyristors has brought their application developments in the field of high

frequency generators, where MG sets had been taking the main role.

Major requirements for the thyristor are high power capacity, and small switching power loss at high frequency as well as the short

turn-off time. Since the former two are incompartible with the latter, the optimum design of thyristor is the most important. The best

ratings of the high speed switching thyristors which have been available were 20 u sec. turn-off time, 1,000 V blocking voltage, and the

current rating of 400 A in average, and the high frequency rating at 3 kHz of the device was one third to one quarter of the commercial

frequency current rating. The thyristor FT 500 BY which we have developed covers the ratings much superior to those, especially at the

ratings and characteristics of high frequency range. These unique ratings, application considerations as well as the design problem of the

device FT 500 BY will be discussed in this paper.

T 21w F o 1128 DHIEAEORIAIC DI T, RS
D AW TR~ D 1122 OIEIHAITIRIC R T ¥ Ko

C OO HiEIC v 51 3 EE 219 FudH 1123 IR 2197
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Maximum ratings and electrical characteristics of FT 500 BY.
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Pictorial illustration of gate-geometry configurations.
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Spreading time vs. distance from gate edge.
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Thyristor Control Units for Welders

Seiichi OSHIMA + Suzuo KOJIMA « Shinzo YAMASHITA

Semiconductor industry has been making wonderful progress of late.

Almost all kind of electric apparatus have gradually come to

take up the semiconductors in their components. The case of resistance welders is of no exception and thyristors are invariably employed

for them.

However, the thyristors can hardly be adaptable to resistance welders using ignitrons at present without modification because of di-

fference in the characteristics of these two devices. Then a new contrivance has been worked out by adding additional circuits to the

thyristor so as to enable the ignitron type welder to be operated with the thyristor having its attaching part remodelled to the same style

as that of the ignitron. Thus a new unit is brought into being.

change with the ignitron set.

The article describes the features of the unit and the techniques of
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Mitsubishi Planar Mold Type Thyristors

Kitaitami Works  Moriyuki SUGIMOTO - Gyosho AKAGIRI + K626 YAMAGAMI « Makoto ISHII

Advent of planar type thyristors has promoted a trend of putting thyristors for small power use into practical operation in a full
scale so that apparatus in all divisions can be made contactless, high speed and compact by using them, In the manufacturing process
are employed high grade techniques such as silicon oxide layer formation, photo-etching, selective diffusion, surface passivation, ohmic
contact formation and plastic encapsulation. These various excellent techniques make it possible to realize quantity production of the
devices. As a result planer mold type thyristors of the maximum average on-state current 300 mA and 2A have been turned out as
commercial products. They are now widely applied to apparatus in every field, particularly demonstrating their merits in the temperature

controller of electric blankets.
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Mitsubishi planar mold type thyristors. Vertical planar thyristor.

* eI 493



B HY, HHMMEEEERES L Hnbhi, Lal, S
TR, pADVERECH I LS REXDD, COREEMI D
& LTR 2. 2 (b) ofiE GRE Su-1 B 8BLLb 5, h
DHATVESEICHIEAD W BES Y b\~

2.2 gEHE

Su—F T H1uaz OEGETRRIC R, vyou BRILBAREN - >t
VIR E e BRI - BRIAEEN - SU—1 FREEE (L
AT - A-zwoduas b OTBEEIT, ¥ XU, HEARBIC X 2 EE
BT 2 & O R ETAEEE S Tw b, EhEERSL AR
WCOVEEETA+3Tabh, SEOF EEE > T3, vdv
Ruwh OEETEYR 2. 3R LA, R olibETiEc, &
QWRIEE 22T LRI DWTHBICER 5,

(1) oyou BE{EB O HE

23y BEBE o R TR, B LA R T ORI AL,
ERCD v5y OEGRE, BH2EHFE, ¥ LU A52 B OBAT - BE
RERD D, BILEERKOEWE LT, ok FE, &CHES
RO (R & BRI 220, B X UEREULEIR O Yoo EEO
NPT E L AW OIENC X 5 BRSO Z20R 51T bt
%o SU-T T H1yz2 T, & ICEREZET 2IMTRERS L,
L2 b SERBkE % 114 5 wBERS 520, ERLIBICT 4 2 deii:
T s C L BRBET, BILEORILELAE AL DDOIKCTS
L5, FOHEEFECE CEERELOINTY S, EhEHTIR
T, Rlw b ORI & L TR LB ERIE, & I

Si0:
e
e J
n3i <7
p I - Si0:

_si0. @) KOVIEEHLUT 5 LT AD

n
B e T el -—-—.___.—-——a.u.,p,_,—_\__,_L
Si0:
————nSi
n
p
T—$i0: (e) DA S LUT E

putsnaim | | BTN S——— ‘L_
L) Bt LU 74 PLERT
/5102

Pl

() ¥ ¥ avHK

4 n p
(c) KOVIBRHLZ T4 PL S AL
2.3 vyavSuw b ME TR
Production process of silicon pellet.

1,000 1 - 1.000
L / i
500 500
el e 1 -
“ [ =
53‘ 200 —3 200 =
< 5 7 5
H -
Y Py INES |7
ax 100 7 = 100
By - - 3
50 —1 50
1 ] ! E I 3 1 i) 1 ] it
1 2 5 10 20 50

FEAELIEIAL p, (Q—cm)

B 2.4 LEHE oo B, SrHERRRE
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Breakdown voltage, V3 vs. diffusion depth, Pz, Py.
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Gate-control electrode. structure.
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Field-limitting ring structure.
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% 3.1 CRO02AM, CR2AM DOXEEERK & Hitk—5
List of ratings and characteristics of CR02 AM and CR 2 AM.

e &g : ! . ’
B K %
+ AP MW E E| VRRY |V 50( 50) 100(100) 200(200)
B A TR BE | VRS | V 100(100)  150(150) 250(300)
& A/BENE BE xJ_ ‘“WM VbR T k 50¢ 50) 100¢100) 200(200")_M
g 0% WM O® W IT(RJ[S)T 0.47(3.1)
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FAHAY —~ FEIRH | [Fe A |ou 0.3)
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® B s Tee °C | —40~125 (—40~125)

B O K
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5 5 i O1a SCIW 200(80) (4 #—IH BRI )

(83c) (10) (e W— % — < HE R D)
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Allowable amblent temperature and allowable case
temperature vs. average on-state current.
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Allowable peak on-state current vs. pulse width.
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Mitsubishi Triacs and their Application

Takahiko DA - Suzuo KOZIMA « Tatsuo MIYAZIMA
Makoto ISHII « Michiharu ISHIDO

Triacs in the category of thyristors are elements to control alternating current. They have been considered hardly applicable to

large current capacity apparatus hy the restriction from the design technic. However, overcoming the problems, Mitsubishi has been

successful in producing a series of the devices with capacities ranging from 10 A to 300 A.

The article describes gate trigger characteristics, commutation characteristics and thermal impedance characteristics which pose

problems in application together with the principal ratings and characteristics. The text also explains that these elements are applicable

in a wide range to heater control, induction motor control and welder control.
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Cross section of Triac element.
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Principal ratings and electrical characteristics of Mitsubishi Triacs.

e} B ki e BCR10A, B, C BCR25A BCR70C BCR 150 A BCR 300 A
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Gate triggering mode of Triac.
type BCR 25 A.
RAD T, ERESHPHLEE5@E Pie-F I, I, Vo
FERELR A3 HMCH b —~HIGH L, Rz o filfERE R
THE B D BIEFBRERER ENCTw b, T ORMERME LD
BT byh BEZREFEL LAV K ZEH L BRDIC, & MISE-
Feo b BECRFETFOBRFRICE - THTORERRD b
NB. BALTO 34797 TR MF BERT, IAREHETT,
TRDPLE 22, —FT0ALLLED b317wr T, T, T
MOEERDSLEDL S, NiEv - %5 EEREL TRY VO -+
TOFRHRREEE N TR,
3.3 EmitetE
IEpE I SRR, WEER, B TRER (difdt)e, IRHF
OUILEE LRE dv/d)e » X CIERTE %O BUEEED A% X1
B+ 5. AA»TH, MEHCHEYBIAER F-a O—DT
%3 (dvjdde ¢ (dijdt)e t DEIE%, BCR25A, BCRI150A %
Hice b, FRNEFNE3. 2 B LUK 3. 3R WXIEESHR
- RS - BILERA S O&SEEELTEE, did)e —
SEe L, M3 7wr PEEET RO (dv/dt)e B HET-OH 1 417
COWTRDAESDTH B, MEDORTE S EvnidvnihdrEL,
(dojdt)e BIFFHHCH TV HFGLTvAVE WL S, & O A
RZER Y1928 ORHEREECITTAS B EBEECHALbI D,
3.4 +34T o OMIER
@ 3.4 BCR25A, BCR70A, BCR150 A 0@fsikii® R
Fo 151797 BRFEBRTTH 5 20, (ELOEMATEE A
Zr, FEEMAET Sioih ORISR, BOoNKER 517

500

Typical commutating characteristics of

Typical commutating characteristics
of type BCR 150 A.
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Transient thermal impedances of Triacs.
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Temperature control circuit utilizing type BCR 25 A.
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Phase control angle versus control resistor in Fig. 4. 1.
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Speed control of condenser motor for an
electric washing machine.
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Motor speed versus control resistor in Fig. 4.3
(no load characteristics).
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Basic resistance welder circuit utilizing Triacs.
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High Power Silicon Transistors

Josuke NAKATA - Akio KAWAGISHI - Hideo IWAMOTO

High power silicon NPN diffused transistors type TR 250 A have been newly developed by Mitsubishi. They dissipate 650 watts

and handle collector currents up to 250 A. Having features of high power ratings, low saturation voltage, and high reliability,they are

suitable for use in amplification, power switching, regulators and the like.

Description is made in this article on the outline of their design, the ratings, the characteristics and several examples of their appli-

cation.

FovDa2 B Y12 & T 2 L EENAREERHZES Y, tEH
21 wFud YRR T3k EDTET, An~-ILotomor OHEFTYH
RIAEBRGTFLETH Do L UBERIEROEC ORISR,
T ORI L W TN Cnio

D%, Vero 140(V), Ir 250(A), Prmaxy 650(W) ok
N v)avksvoas TR-200 A %P L, FClcflia OHREICHA L
THIH OB E W DD0H % T, Are, TR-250 A OFE V54t
& DER T X USHEIWRHE R b ST SR k< 5,

2. FHEtIEH R

WHH bsvvas EHIE » KRR Z RS 720, FHOEKW AT
T, (LDSHRERNE W, (2)RSDVEFIRNE-, (3)HH
RS AIEM T TR I Tw 3, (4)a1uFod KR
B, €& ERBREN, MY - BMATTCE, (1)EER
PER, (2)und ORI X RIS OEEERE N, (3)%
OF B BGEHBL R R ETHY, F L CHEIEEE & R ik
bhbs L LENE b L LRtk BRITHK T3
B R5x—2 DI BICHFARLECH Y, s X Ui
HEOHR S 2D CHBECTH S, bhbhids ks ALK
T, Vero 100(V) 9352 OKEN bsvzaz K2WTHE, H—hH
Hids (Single Diffused Type) « MIEEIMGE (C.B.E) #3Ak e L

TG Lo B—PEE0BI, BHER oyou (PIB) 23t LT
ERE ORI (N9B) REEL, W ERER 1295, JL03
KT 50T, MR HENES R 217 TH2. Lo a1 )k
o8 HEAEBRE -3 EhTwin, MEEREL TE,
HOUHIRER hre @ JLoga Bt I KIFERARFTH 5. Eic -2
FIRRIR 100 TR EIN TR B 2D, BEORERDARL,
MR v, ChRBEPCOBREFRL 2 DAL, TR
CEWFHER 52 2RIICH 5. b5ue2a R R-2 OFEHIIK X -
THEHAR Izws FOCE L2 EARED Y, EREEOSH,D 12wa
BAERRELT20EHH 2, TR-250A Tz 2. 1 (b) kKR
F X5, FLHLESRICHUELEHD ats17 & ChiCEEL
ThHrEd X5 % Aa-v 2RV, 102 BEREAEL, -2
HEPEILTCn3, 1202 LU A-2FHE rLaoys 2EHBL
TE A-2w20022F BB L, Jvo2 fliE Frezvs itk b €UJF

* LR

(b) M
73 F5uTaa TR-250 A oyEs LT

M2 1

Mitsubishi hlgh power transistor type TR-~250 A and
its basic element.
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% 3.1 TR-250 A S kEs (Te=25°C)
Maximum ratings.
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GROfE IR I - Bem WOE I Tstes T —40~200 °C
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B om g ZW fuc 0.2 CIW
% 3.2 TR-250 A EZ WM (Te=25°C)
Electrical characteristics.
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Typical output characteristics.
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DC current gain versus Ig.

Definition of switching time and circuit diagram in
switching time measurement.
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Switching time versus collector current.
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Turn off time versus base reverse current.
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Circuit diagram for speed control of electric car.
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Circuit diagram of 27 kVA inverter

£ 4.1 KEH +suvza OIEAH

Application of high power transistors.
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Silicon Transistors for Application to CATV

Kitaitami Works

Yasuo FUJI » Isao INOUE - Kazuo KUSUNOKI
Yoshihiko WATAR! - Masaharu KOYAMA

In company with the advent of information society. a CATV (Community Antenna Television) has come in the lime light as power-

ful measures in the conveyance of the information. The CATV system, precisely speaking, is the equipment to be used for common

viewing of TV at obscure places. The device is promised to foster industry on a great scale.

In this article is described the present state and the future of CATV and also performances of silicon transisters 2 SC 1223 (for VHF

use) and 2SC1238 (for UHF use), which have been developed by Mitsubishi for use with CATV.
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supply voltage characteristics.

5.3 HMHoFerw

AEE-C, 28C1223 3 k1A 2 SC 1238 o £HE [kt % # L
Teds, TR DHEHHOMER ELDHTHE L,

(1) 2SC1223 OEEMVESE, Vee=12V~14V, I;=70 mA
~80mA TH %, D A7z HTENFE - FHERLIRE - By
T 2 - HEE 7% E OB ER L A D,

(2) 2S5C1238 OEMEMWESAR, Vee=12V~15V, Ip=40mA
~50mA TH B, TD A7z HT(L) EFERE, BEFENER
nbe

(3) FEHFIEs L UFIRHERERSRA L R 2 ERE e, BE
HWOFHBRRDE R DERBER, BE—HT 5.

(4) BEZENOFHOEREAFEE P 2 D KE WD, BIERGE
HEbBTINE v,

(5) BHHED -z MERHE, JLrz B A —EICRD L,
—40°C~+100°C D FEPET, 2L Ei A 10 % MIATHET
b5

(6) BMERMIERD -2 R, —40°C~+100°C &
HPHCIRISTEBAY TS » €, 30°C Dfliz b -+ 35 %1% KRS 2,

(7) MEstefof/h e 2 5 BHEE, (1) (2)OREEE D
Haib /& 10mA FETh 5, Tl A7 2TH, R/DME
L 1dB #5374 O A v

6. & ¢ U

SHFBT 5 L AN BEH CATV 1k, FXEHIKC 20 EhY
THBRD, Siprhflifiahs CATV i 2)Jubsuvza IKHE
RENB AR, vazs OATL - B LI - TET ETRIEA
LDEKEBZTHLS, CNICL i BEeDICE Mo AT
FSpan OB ST b AT Lici LI 2 LT 5 & & I,
FT-0 b DR B ABRIC R IE & & 5 BB EF ORI & 2 5,

b hic, FBToffes X MBI Wi 7w RS 40
L, BT 5.

Z F X M

(1) Helmut K. V. Lotch : Theory of nonlinear distortion
produced in a semiconductor diode, IEEE trans, ED.15,

No. 5 (May, 1968)
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High Power Transistors for UHF TV Sets
Masanobu TOSA -

[sao INOUE - Kazuo KUSUNOKI « Yoshihiko WATARI

It has been for some time since the satellite stations were set up for overcoming difficulty met with by TV viewers in mountainous

districts and out of the way places. Along the trend that TV broadcast waves are changed from VHF to UHF and the wave reaching

distance is shortened in consequence, the satellite station is becoming increasingly necessary. Now that the station up to the output of

3W in UHF, the equipment has been all transistorized and has come to serve well the purpose of eliminating obscure areas for the

TV broadcast. Nevertheless, the demand is becoming very active to turn the satellite station to solid state in the class of 10 W-30 W

Under the circumstances Mitsubishi has developed high power silicon transistors 2SC 1206 of 10 W and 2 SC 1207 of 20 W to realize the

demands. The article describes their characteristics and application.

Lo A & 5

=S

U~ &I 7Y OBEBIERRREE & LT, 95511 RRSEGH
HLTHBLALWE, sutf ko VHE 5 UHF ~offric ff
> C, EROFIEMAE R RBHN, T T OO R
AEEosTws, 3¢k, UHF T3 W CoRiE4a 502
2 LN TR AR K E AREZRALTW SR, EbHK
oK ZEw 10W - 30W 5352 o UHL 4354+ D4 150922
{LDEERPIHL 2o TH Y, BT CINRKTELT, TOEHE
HHEIC Lz UHE 10W 35 LU 20 W DT wva0 Fsuvsaa

235C 1206, 2SC1207 2B%E Lz DT, %O - ISHEA Eic>
Wi B,

B 1.1 30W-UHEF TV #5351 J§ EIIHE
Power amplifier equipment of 30 W-~UHF . TV
satellite station.

2. FFORE - H®YE

ST, 6K 1CHa-5 W 1500as & HE LT E 2R, KoM

TWREPMADC EiIckD), 2SC1206, 2SC1207 DBFHFEICHE)
L7z
2.1 <y —
bk, < LIRSS XYV EI vvautsuszaa 2 BELTE Y,

ERC b5uPaa TRTER L D LIBHES B LR, 2. 1T
TREND Ra-v TBIRL s Tnd TD Aa—u B, R/RIE 3.5 4,
Izwa HBREE N2 [ffe otk 012x10™em™ & L, 2b547
B, AEREL LTH D0, BRI, 2517 28
bk > TH—KBWET 2 X5EE I Tn b, 2.1 Wb
PRSI, 12ur FHEERBOLL, TOBEDOBOR 42511 FHD

* LT

N 24

2.1 2SC1206 ®» Aa—v BHL
Pattern structure of 2 SC 1206.

B 2.2 UHF #EH0 wyo0 50924 2 SC 1206,
25C 1207

UHF high power silicon transistors 2 SC 1206 and

28C 1207.

Rovz Bl X - T T T w3 0, BHEEEEEMAL, X0
1€ o7 qud RECERINL T U-F1udozua O IER > Tn b,

2.2 4 &

EREWEH D tsvvas T, Ao IR TR DY
TKREL, L psvza e, B2, 2177 £5290a M wd5 Ty
AwT-o, LS5IE Rur—o & LTHILEE a . L-5 T8 Aur
-5 T, Izwai-Fqudoauz 250275 nH & &hwT/hx{, 1
GHz oB&TH L7B3R K LaAhbhl\w,. T OFEE, HRTOLHE
{LATHEE 7o o 2o
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2.3 BERTH

booTize T OESRE, FUEHHTOMINCEA S L T HREKE .,
FEE bsuzaa T, S-2—dUo2 A 0.6 w FEE O ERE -2
IR B L, Tzw2 IKBCCH, FRRBEMTE v T 1sea 1 LI
LEPEHADT S CLCEIIL T %, BRER, 006 7LEIOA D
TEREERRERLZCLICKY, Aezo EESHAL, —HEED
HEFzeedic, BIEREONBEIRKEL 2D, BEFEoM L
CEHELTW3,

E i i3

e, 2SC1206 3 Lot 2SC 1207 o2k D W THNT
3o & 3. 1ICRAES X RSO S % R

RCEDEDD +5522 DWW TEFEE O RERN 2R T,

3.1 2SC1206 oF kst

B 3. 1 icHihEN B XU avo2 FE0 ANE ML R A
75 2SC1206 DN LW TH 3,

3. 2 AN D 223 PHTEEETIFER e T DRk

X 3. 3cHNENB XU avoa FEEO -2 WERNEE R T
HET 105 W IHPOESIREIC LTk ., 72 REE —40°C »»
b +90°C ¥ TS ¥ho MBI 5-2 i 10°C~20°C O ff
ETRATI08W 24h, —40°CCTrTh kd 20%iy, -+90
CTlkch kb 30 % EHIRHETT %0 oLoa W#EE —10°0C~
—20°C CRET 659 e nl, —40°CTY 62%TrEBHEYL
b7

B 3. 4 & LRCo B R l5E Lk 770 MHz o CigigiEsio El
BETH L, Ak, 25C1207 HF—0RIKTHIETE %,

3.2 2SC1207 OBk

B 3. 5ic 25C1207 BN # XU avoa #Eo A B I
HERT. CD 552 ALAMHIIG 20W ©b 2, JEEuEi
BUF % Fdgic 770 MHz T35 3,

3. 6 WHHNEIID avos gEAEIELBISME RT. 2L,
¥omlt Vee=28V Tth 3,

3. 7 BHITE N B XU avoz RO r-2 WEREE R 3
WIRT 164 W o AREBICHTHE LT %, -2 lE% —40C

2%

¥ Vee=28V DEMCiEa%E L), TORET ooz (HREEL ~+480°C FCH(L & o MNEIINE +200C~--30°C THF & 7
ZEe LD b DTH b, h, —40°C w50 %, +80°C Tlxiy 30 WITIAMETF %, au
% 3.1 2SC1206, 2SC1207 OEHRE:

Electrical characteristics of 2 SC 1206 and 2 SC 1207.

b3 N 5E % (Ta=25°C) w® B y i # (T4=250°C)
b7 £ Vero Vero Veno Ic Pc Ty Po ne
% #
v v v A w °C W %
9.0 10.0 40 55 Vee=28V, f=770 MH.
2SC 1206 45 30 4.5 17 25 R TCT P TR P o A AT RN e DA W z
15.0 16.0 40 50 Vee=28V, F=770 MH
2S8C 1207 45 30 4.5 3.0 40 +175 G | oo B ) G o) P W z
12 -
12 12
- 28¢1205 10— R
10 ot 100 10 ““;.:‘mnu oS | 0 10 —
8 o g 8
. g Z i Zu o <
:? = e / / 9 """ :; b
:: 6 = 7 - 6 L o el A N
2 L7 SNl = = ~ B =2
ES ﬁ | P B ] S
i | = ; n
2 ‘, 2f P Y pa— :
0 ! 0 0 0
o1 2 3 4 53 18 30 —40 —20 0 20 40 &0 £
ABESH P (W) A T(°C)
3.1 HIES - avos HE—AT 3.2 MIIEN—avos MHEEE X 3.3 HHEIT - ovos HE—T-2
s Lo i

Output power and collector efficiency vs.
input power characteristics.

Qutput power vs. collector supply
voltage characteristics.

QOutput power and collector effeciency vs.
case temperature characteristics.

20 = 100
C1207
gleld‘C: Py / " -
25C1206 Vo 2BV, / 3
28C1207 -%T,SD‘ ’é‘ 15 F=770MHz —180 ;‘))
~8pF 3pF Z A 2
508 50Q B - 60
50 e R
. = - 1y =
8 R 7 O o
A A - b A
4k ; 1 5% 10 1
i i
. o] I ! ! ! 1 10
Cy 1 20pF,820pF 0. 02 F it 51 o 2 4 6 8 10
S, T ATERX v FERER +Vee AOES PialW)

3. 4 770 MHz W78 71 € Rl
770 MHz output power test amplifier.
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3.5 WHHEI - avos ghE—AN
EALEC

Output power and collector efficiency
vs. input power characteristics.

X 3.6

HHEH—avo2 HFEEE
Output power vs. collector supply
voltage characteristics.
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20 23C 1207 T 7 100
; 7728\\m e | ‘

i, rd : —~
TS L e By =
& 10 /7z~--_—-——~~-~2( """ - 50 e
R e =
K2 R
S o
R 5 AN
n

0 ! 0 PR

—40 =20 O 20 40 60 80
r-2EE T.0C)

B 3.7 HIES - ovoa Bh—r-x g
Output power and collector efficiency vs
case temperature characteristics.
73 %L —10°C~0°C < HEC 58 9, —40°C -t 1% 52 %, +80°C
TRAB XL oTwvBo T2 TREICHT 2 HNE N DZEHR 25C
1206 LY ZHKRERLSTH S,

LI F28SC1206 3 L8 2S8C 1207 oo Mkt % 770 MHz 0
BHCOTES Lic, ALTR 1GHz K BT H, 13IEFS VDTIJ
3 XTI 0T % 57T,

A R Of

AT 28C1206 % 2SC1207 % i LT, 4 p522 L2
iz 30 W-UHF TV 4551 Rk BfE L MEFNT 5,

T, 4. 1 FZAE OB BRSO Jowod viss f«zb %,

R LSRR XS, BIRERITEARRE 12w EX) L E
TR 1m0 (PA) O 2O 120 ORI TR %, HE
»Jigm;?; 17w b B 2SC978 (3 1GHz, 5W) & 25C1206 & 23481
, BJIRANE 12w 1 It 2SC 1207 HMEH X T B o A4

i3, ho— BZEH, HAURZEH B LU0 250 ke o b BEEOIREIEL
HDFcw, WHR - QU EBFRHE N T 3, WMETRE, R
Bric 2SC 1207 & 7 IR 12w b % SEREFIC N30wt &
KT BT EICXDHOW E-CRHMMIEL, Faeke LT2SCI78
17, 2SC1206 % 17, 2SC1207 % AAFHI LT D, 555
T Lob EARE & 3‘ R A GAS, WHETR & OG- WM
DI 2 Y, F— 1ol FWHALTEY, Fatke LT
28C978 % 17, 2SC1206 % 14, 2SC1207 % 1 AffifI LT\
Do £ atwh Wk, WK $—FaL-2 T AN TEEM:S LUK
eI %7 > T B,

¥, AEIMIERBO fCiZ 1 WIC 1k $551 | [AHHRE 890
BOUBHEHEINTW S,

E 4. 2 )RR o A 1) B kD J50 #RT, 1dB
[ 465 dBm T, ) 45W ¥ CRIBEESE LT B,

Z A, AREROERK-CHUERTRRO LB Y TH B,

UHF # & vyo0bs sk el E

B 4.1 30W BIRIEH Sowodiriss

30 W power amplifier block diagram.

50
T 4 —
s 40
¢
Y
3 B

30

15 20 25 30 35

AHv~n Pio{dBm)
X 4.2 30W E Jy BYOW WO OB M

Output power vs. mput power characteristic of 30 W
power amplifier.

(1) 13~62 CH 07 Fpa0

(2) MR [Pl - A TR - 0W
HIEEEE T 75 W

(3) &N —40dB B |-

(4) HHEET CW s DC 270W BT

Judse 2P DC 180W LIF

5. § v

UHF #8111 2920 b50022 28C 1206, 2 SC 1207 ofifld X
’:ﬁ:'d{ﬁqa‘rcowfjﬂ:&fco %Y I bICEINIORTR B
b b, [k ﬂmr HEIC M » T—H A b TR, TUE
B ol AAREME T I L, W F—5 #0170 0ER
&Wﬁ}ff L, i 5.

% £ XM

N

(1) JFk, #, BHIE»  ESHEEND) vyaubsoo2e, ZZEERE
$rs, 43, No. 6 (1 44)
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Mold Type Silicon Transistors for Application to AF Medium Power Amplifiers

Masahiro HANGAI « Hiroshi HORIUCHI
Makoto SHIMANUKI - Yoshihiko SHIMURA

Kitaitami Works

The production of silicon transistors has made a great stride for these years. Along with the trend silicon-transistorization of appa-
ratus for general use has been rapidly developed. However, as for such apparatus as tape recorders and desk top stereo sets having low

frequency outputs of about 1~2 W silicon transistors to suit them are not yet available in the market and only those made of germa-

nium are in use for the present. Mitsubishi has now developed complementary silicon transistors in a class of Pe=500 mW to meet the

purpose of the above devices and also driving a power amplifier having a 15~25 W power output capability. They are produced in a

quantity scale.

The article describes the history of development, the features of cells, the characteristics and their applied circuits.

IR, 3 ~44FERED vy 1v 5wz DEEORMIIED TE Lnd
OB Y, TS BB vy o bsuraa (LR E i R
LT&/ko Lnl, —%, EEHIMINL~2W @EED 51—
48 EaFud RO, Ky - i Le vYay
PPz B EINTWERWED, WEL, FLoi9sb30023 2
XT3,

DRV, HETH, oMk XU 15~25 W ) D EREIH
W L7z, Pe=500mW o> PNP-NPN oo 39 4uayvyaubsusiz
2 2SA695~697 3 L T8 2SC1209~1211 % EE%: L, &e% BAL
Feo TTTHR, PHFEORM, FTOFE, Fik IGHEMA D
WTHRN T %0

1.1 &l B BB vYavisuszs OHHE
Exterior view of mold type silicon transistors for
AT medium power appllication.

2. BECRETE

kD B F5osza OIARMEEE, B 2. 1 RN
L5, TO-92HOMIE e~ E BTH 2. tsudza OEILHL
TEMND DI, PRET (v b) BIROZLTIVERIRE R
Zorl, Loz MEENCI Y IE L BEFCR# T 5 C
L ERPEE INEY, bRLbIEBEICHER Lik.

TR D aLo2 IETE T & ¥ ARIE & ORI, (@21 TH
bhENd,

B1q » Pom T j—= Ty vevvrrermrcrimisininniniiniens @.1)
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2.1 rsouaad R
Structure of transistor.

ZZic

Ty« JHPHRIE
0 ¢ PE BT RIDHR 0 SEHT
Ty Wi 25°C, T R AGERM OB STRRIET, £-LF D%
»125°C & LT3 DT, fKFFRHEET Pomx B

100
Py max= G e 2.2

j-a
b LdoT, p5o0as OEMIIMEEZR» 2 IR, 0a 2 \»
P TERBROMIEE 25,

2. 1 o tsuiza ORI, u-r BE LUBIROHME E X
EXTIEDLN, BEBNICZOEEAEN -FickbkEd &
Eirbhd, RtELE2 LIKRTXsk, —kolEEsemic
R b REEERNE 1 ~ 2 B bTH 5,

Ekbhbid, REERH svza @ J-F & LT, T
Vet BB OMAMAR Y RELT, $iowry SEMEMHLT
Eieo LHLE2. 1L hbLHELARLS K, CoMETREZHNER
TALBEIPIO AT, BHIIECE EDDTRFITH 5, Lt
5T, b2 d0E LT, M a2t MEOLEER Y
FEEL, SOOI, XL ERLER Xk L
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£21 HEOMEYR

Thermal conductivity of materials.

L) jes Fay=iat Cal/cm-+s-°C
Au 7.1x 101
Ag 9.9810-1
Cu 9.2x10-1
Fe 1.0~1.5%10"!
Fe - Ni 3.4x10-2
Epoxy Resin 10-4~10-3
Silicon Resin ~10-3

5
&

: 5

2.2 FHSTRERY CREEFHIERH)
Simplified die )onder.

FRBIGCDATY, ZoOMEEKE 20 6 BIEBITE L, 0
ESHBIETF S5 eabrb, ¥ilEd &2 20 MEERD A
EAbORMEHT S LI Lk,

7, U=F BEIEREDOE, —oiL 540 bIICEE L, #o
BRERER K E WD, Fswwaaiiet & U-F #IC 990 5 &
ERNOEE TS 5 0EREH 5, cokBChbitbilig, M2 2
R &S I8 -+ SICERZ ST CIE L, i coRIc
Y U-FREENFL, Rvwr ORoF 2AHICT 2 IBELITE, 92
JAfE L7z

DL BRIET, 0 RPERORINFICT B C L IBEEIL, 3
Loz WP KEW 500 mW 2w 5, MMEBHTRBAED 50
J22 %D B LB TE L,

3. ?E?' lf&#?ﬁ

U=F MOMEEFE —wrL fd Te-Ni) 2264 (Co) KLt &,
I—F #% 045 mme 2:5 0.5 mmep, 0.8mmep I Lid %, ¥ Lk

UBVEHROWR ENZBER i) Lz & %, %h Fh o Blth
0o DWEFERER 3. 1 KRTS

T T CRARRI 2L o8 852 Po max 13 00 OHIEM &3 (2. 2) X
YR Lz DTH B,

T DFER, 05on 1 U—F BFEL oy SR DB T LI
X020 0%, #EMRORAThEBIERHINT 2 ticky
89, b )—F F#HE% 045 mme 1Y 0.5mme WKF B Lick
D10 9T END C LB A B, LA 2T, Emic No. 4
K‘é‘é &, 'Llﬁ/Lmn@ No. 1 i lifig LT 6.0 DFfE XY 40 %1 L
T 5o TOMNR, Pomux=500mW Z#MICHRBE b > TIREFTE
5T ERERE N

¥, EERORBEC aLogy~F 5% 05mme O L L, -
2 BEU 1308 Y)-F BHEED 045 mme Dk ZwrL 84k L d
DEBELEDR, 00 MEDHSR, No 412 515 6HEHD,

- 1T WD) vU0u bsuTag - 2B - A - IBE - i

® 3.1 #EEHEMR

Thermal resistance of samples.

eG4k : Ta=25°C, PC=400 mW (VeE=8V, I¢=50 mA)
7% L, No. 1 £2wTk Pe=200 mW {CTillsE

P FEN T ~ P& % E % -=(CCW) | PCmax(mW)
No. [
£ oA & n z Z+30 7z min
1 |Fe-Ni| 0.45mm¢ 10 221 257 452 389 |
2 Cu 0.45 mm ¢ 10 154 172 650 581 BERS
3 Cu | 0.45mm ¢ 10 142 159 704 629 | SCE
4 Cu 0.5mm ¢ 10 129 141 775 709 ¢ BB
5 Cu 0.8 mm ¢ 10 97 109 1,031 97 | B

# (1) No. ! @ftkopEBz—~L P72 (28C9%04)
(2) No. SoMEOIEMmMHEaLI Y~ FORTHDY, X~XF LUz y
# Y~ ¥z 0.5mm ¢ s

:
o

-

400

| ] ! —L.
G 25 50 160 125 1580
e T{°C)
3.1 qvoz HJe— AL (1)

Collector dissipatlons vs. ambient temperature
characteristics (1).

1,000
Ao
... 8
S en
et
OB
£
R
o
54
&
N 400 -
AN
n
200 -

LCB

E 3.2 ouvoz RM—EPERERE (2)
Collector dissipations vs. ambient
temperature characteristics (2 ).

250, U—F R D OEIE ALw b B KoFaud 5 avoay-F o
O DB K TH D L b, -2 F X 13080~
P DD BIFIC K E L F LS LT B & BRI N o
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7, AU EBOBRRMT, ++250JT-LF HICK 2 3EEH
PELR, BUERRICIR LT WS F5urosE-LF BRI b,
00 XS0 GFIEREL Ao oo FIUBHEEEH LT -0t Fik
CEDHEHRAECHEARY, S0 &5 pSvarrE-ILF EH—&
fneEzbnd,

K 3. 13 LU 3. 2 ICH# 200 BEALAHED avoa B
~—JHIRIRER R R, B 3. L Fuzoved € L D bSuwra ®
T ARICRD (3 28 aT, B3 25 vk JHEo #R < G
TIE Jou CFHIH LABATH B, U-F P Lz, Flu
bAESRIIEICHESE L 2 &, -t 2L Fuob HMOMAL 2D

4. ERE

COXS LT ENARTR, TClEAL5ICl~2W
MBS LT 16~25W 1)) 7o7 ORI E LTRIET H 5.
LIT, RToiE, g, g BAEks X UERNEHER L
% NEINBEOY 2 b T 5.

4.1 % E

(1) #A oLoa BIRKE W (Prmax=500 mW)

Bk, T D 952 DFET-ORFE Juoa HkE 300~400 W TH
27, BipkoEIC LD, 500mW RHEIEL TR,

(2) HWERNETHD G 3HPLURES 1 250

(3) hrr OEHBHEUAR L

KRR T hre BABICETT 5 02 vy bswoaa i
TH o, 2SA695, 2SC 1209 CRISIC s O EICEEL, A%
mz<Tnz,

(4) Vegwy 2/ E » (05V BITF—2SA 695, 2SA 1209)
28SA 695, 28C1209 IZHINET, Eibrk & OEEFER [
FTDEEEHEZL, B Vopeay /XL LTW3,

(5) PNPp, NPN#»RDH 2

PNP J%, NPN JEO{j i35 5 DT, FHTOFRAENTHY,
(6] Bt o 388 P BRI AR [

4.2 B &

(1) 2SA695, 2SC 1209

MR 1 ~2WHBED 5-3ua-4 » H 1 2504 & D
DB TH D, £/, PNP JZ - NPN O K21 H 5 0 T
Pure-Complementary [[[E%#lIrC ¢35 TE 5,

(2) 2SA696, 2SA697, 28C1210, 2SC1211

Hi7928 15~25 W BRI o (B EHAIERS D BB B i i e 50 ¥
7, PNP g « NPN D235 3 O-C Quasi-Complementary [i]
BEHb T ERTE S,

4.3 o ¥

HBEE 4 L IRT L5, R/ MEBH E-LE M50z &
FEERLTHY, U-F MokE2 045 mme 2b 0.5 mme & H4
HCRAEDDOHTH D K%, TOIBREETBI RO MM
J% (SC-48) ¢, JEDEC o> TO-92 SBICHHLIL T 5,

4.4 HXEE

FFDRAREHER S 1 IRT. 2SA 695 28C1209 JZH By
HTH Y, LWEER, KERCHA SN 30T, EHE, A
FHICHELTH B, 2SA696, 2SA 697, 2SC1210 % X T8 2SC 1211
IEEEIEACH b, HRWEEE, EER s30T, Hi
IE, {ERFICHEILTH B, LiL, Power 2qwF KHHHTE S
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4.1 4 B X
Qutline drawing.

# 4.1 SAEH CAMRE Ta=25C)

Absolute maximum ratings (Ta=25°C).

) ] i # i
®woOm | % , : I
1254695 25C1209,25A696 25C1210,25A697 2SCI211
DLy R e
g | voBo | ~25 25 | —45 45 | —65 65 |V
Ty K . - _ _
— g | VEEO| 4 4 4 4 4V
VIR e
1Y | VeEo | 20 20 | ~40 40 | —60 0 | Vv
avy R | Ie | —700 700 | —300 | 300 | —300 300 | mA
FAIHa L2 Akl — - - -
Pt IC peak 500 | 500 500 500 | mA
av s ik | Po 500 mW
BEawmmE] T; +125 °C
® A | Taw - 55~125 °C
5 4.2 ELEYE (BRREE Ta=25°C).
Electrical characteristics (Ta=25°C).
i i) il
H g | o 5 o & N
o Bopm B | WO R o5 ces|asaees s Ay T
28C120925C121025C1211

R A - .

P i VBRICBO | Ic=10 A, IE=0 =25 >45 >65 |V
R e e - -

X kT V(BRyEBO | IE=10 pA, Io=0 >4 >4 >4 |V
DLy g e Y Ic=100 1A,

v 2k | VBRICEO | pppecs >20 | >40 | 60 |V
2Ly xLt IcBo Vep=25V, Ig=0] <1 <1 <1 |pA
ik
f.l:f: v 2Ll IEBO VEB=2V, Ig=0 <1 <1 <l |pA
HLUL
s | e | Ll Ve 35~300] — | — | —
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Quality Control of High Power Semiconductors with Computers

Kitaitami Works

Akiharu TADA - Tadaaki MIZOGUCHI - Takao MIURA

Takeo YAMAMOTO - Teijiro OTSUKI

Generally speaking, high power semiconductors (high power diodes and thyristors), for which a quality level of high reliability is

demanded, are to be produced under quality control from the viewpoint of no-faults in every respect.

It has been contemplated in the aspect of the quality control to realize the concentration on the quality in the control of the lot and

the characteristics by a data processing system with computers from the purchase of parts to the shipment of products.

As a result, analysis of information, speed-up of feedback, multifariousness of devices, reduction of costs and improvement of perfor-

mance have been brought into effect. The article describes the system in briel.
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Quality control activities for mass production process.
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Analysis of Reliability Test Data of Integrated Circuits

Kitaitami Works Susumu ISHIDA - Toshio SAKAI

Technique of semiconductor integrated circuits has made marked advancement of late among the electronics industry. In the aspect

of reliability, the IC surpasses the individual components, not to mention that of the performance.

Mitsubishi has made various tests with an aim of studying the reliability of the IC produced through a number of processes and

passed into the hand of the users, and further finding what steps to be taken to improve it. The reliability test is roughly divided into

the life test and the environment test.

This article describes the kinds of test made by the Company in a concrete form together with reliability test data collected. It also

explains failure analysis forming the most important activity in the elevation of the reliability.
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Results of thermostability evaluation test.
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Mass Spectrographic Analysis of Oxide Powder
Central Research Laboratory  Junjiro KAI « Keiji WATANABE « Kyoko NISHIYAMA - Yoshihiro OGATA

Samples of oxide powder mixed with highly pure graphite powder are packed into rubber tubes and made into rod electrodes through
hydrostatic pressure. Adequate electrode strength is obtained with graphite powder of only 9 wt % relative to the oxide powder, while
sensitivity loss and interfering carbide spectra are minimized. Calibration curves described by using several standard samples manifest
linearity between the concentration of element and its ion intensity measured on a photographic plate in the concentration range of 10~1
~10? atomic fraction.

The relative sensitivity coefficients are obtained with Be, B, V, Cr, Mn, Mo, Co, Cu, Zn, Pb and several rare earth by using Fe as
the standard element. The discrepancy observed between the values of coefficients and those obtained from samples using metallic
standard samples is likely due to the difference in their vaporization process.

Tt is also found that the matrix effect brings about some changes.

) Bkols
THEP— T 204,

2R BEERTETEIC X 2 At o 5 iicow i, e 718k 40 4
P OPOAEB DL OO, D5 BIATMHEC DT Owe: @) BHEsag .oy
ns LB LCR O D, 2RHIC L3 & SnO, ¥ko e & 4 7‘{;{2 ;f.%mn
EBIACE TLRLHET Sn0y @ 845, L7eS o CHITHBICT S & 38 [ #1%3.0mm
SR B D BREDTHA GO A B2 LT 0B, cop O FREZv=

L5 RRMBHICH LCEROBMEME 2T 1, 2ART 4 1 Witk 7y 9y

Tv ICHFT BB D LD 170 DRER ML LTS R F x4, %
T SRR D THIITCHIC $ &5 F5umaiotn R HIME 25, (A) T S DI %
. N - TRERRT B
DA 1Ay DUIC X B8 4y ORI S :F5, R ) =+ fw/f_, GEIL <
\ SEE IR D

B LTRIRORD Y ICLmWRE 5 1a 3 555,
BRI S BEMET, —ELARED 3 ORELNE 5T, &7

BWRED LT 5, U %\

1

Socha & Leipold i 32,2 DIFITEAIE L2 BB X b b

JLA BT o TR S L, RIC BICHEID o5 () ARk , -
THAT 280 THH5IF LT O, e -
—HbNDNREERE F6F2-F K AN THAE SL2 %4 / V@\ ~
5FERBATE Uice T IRBE AR & BUEHERRIC Hsr T 3 oic, o
TEREY SIRIT 5 IR OHASR DR T E, 2DLREOM 2.1 Bl o L
B LAEI R EE S ECS B, Prepartion of the sample electrode.
& D ICHEA LI R C PN MHEEE 2 - 28 3 0 e B D T KICERHAE J6 0 F2-FIKARTE2. L DX 5 1K 54 OFF
EWET L, MR R RSC (relative sensitivity coefficient) ic o Bk AT LE S vk 34527 BAE 19 mm, #4% 3.0mm o
WU LR AR 1T - 7. WHW LS4, BROBTEREZ DT 0 mgCchs, e

KETL2F 5. Juz BHKIZ ey -C, FEINE 4tjem TH 5,
T5 LTHE I~15mm, X3 15mm BEoapERc, «©

2. KRR R

2.1 HHEBOER e 2 1ICRT L5 Al doFEcH 1F2,

AR Y205 V305 Zn0, Fe,0, 3 L U8 ALO; #skric 47, TOJuR OGS, BLUHED dwt % o BEEKEE LS
HALIIA RIBILS O B4y 51T 107 s b 1072 D FIPAC B T hie ROCH OB EREE LN T bk o k. ALO; Eyko
BO%, WAL IV LU Uie, MEYER 52 5 2010 EBEE il 30wt 05 OEEREINZ v &, 28— RS 42 It
A (R p-ito SP-1) ZELIFRICIES Lee HAHTOAE & S RERUERE LN AR Do .

ISR 2.5~5 p, BAEHA 01~Tp ©, HkOIR & Ik =+9-3), 2.2 ¥ &
T 204, FLEKT A0 5377 o %o T L A S8B X MDTHC, B 285-0 B (40 B% HL 7 Ma-

* HURBIIERT () - o S FgR BT 531



c 5 ' _
i AL et
o VZnU'L« g R
1.0
0.5
-
l1~
0.1
0.05 |
108 BXQ0Te 0 BRG] T TG SR 100 0.05 6.1 0.5 " 5 L T G:l 35 | 5
red e Cu/Com s
2.2 e CBALE-—1-q-c) B 2.3 ik (Y.0; 2b9woR) 2.4 ek (a0 2hywo)

Calibration curve (Lme densuy VS. T~ +C)

ttauch-Horzog BRI TH Do Tan+— MR 27 O 1 18 &
150 mm <% Y, L[HEOFEHT M~16 M OE RSG5,
SEFERREIC 20~30 kY, JHuE 4 Mz, Sz 15300 us, < HKL
60 pps OE R % M LT 28~ X4, 185kV T L7z fho

ORHHIC i Tibord Q 2 ¥EkE% - 7.

2.3 FERER
2R MO BILER 20090 b4-2 TRELT, 7o g-cicxfL

T SowbkT5E, REIRR2 20X AEERMAEONE, C
WEY qdy MU ERD D AL 7 BHETEEE, g BRI,
c: i,

2.3. 1 4 RmEL—BELE TaER

PR EET R Lok 2 TE#E M 0 13w JfU'/ilL % B ik
LT Jowt THEELID.

2.3 0% Yo0; 28 2b0woz D & X OFHEILROBERTH 5.
P & LT SmyO;3 23 SRS HRST LT 3.8 x 1072 F-Far s
LbNTwnd,

B2 4% Zn0 78 orywyz ® & &) Cr, Ma, Cu s XU Sm D
e, Fe,Os 2IpNBEHE s LT 9% 1078 [R-Foasz bite b
DTHB,

2.3 55U E2 4hbbhd kdic 107~1072 BP0
IR A4y BREFIL & B I o BIC R ITERRE A E L LT W 5.
2.3. 2 fEAMBEFK

Sy TR LG & T L & o BIRIC BRI BV, R I R
D TOMMCHIFT o &R TE S, FﬁAL'ﬁ/ﬂu}/]\ OBE, chibo
KL RN BRI C B 1T 45° IR o T B DT, b kv
SIFRIC R St R RS AT T B o T DTN AR D & FlEE
TH DD, bIHI RIS R RSC % K TEHET B

74t AT A 0B B BHHAEOTEES
ro o NHEIHETCHE B 0B 5 Fifko HR
g4 TCHE A ORIk H 5 BLER Hx 5 i

532

Calibration curve (YO matrix)

Calibration curve (ZnO matrix)

% 2. 1 bl (Fe=1.0)
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Numerical Control Apparatus for Pipe Benders, MELDAS-3340

Nagoya Works

Nobuyoshi YAMAZAKI « Masao AOKI - Kazuo SUGITA

Remarkable is the recent development of numerically controlled machine tools. A pipe bender is the one with the numerical control

apparatus, and it has now come into practical operation. MELDAS-3340 is a numerical control apparatus for exclusive use with the pipe

bender worked out under the circumstances. It is provided with specially devised hardwares to fulfil its purpose ; that is, it comprises

various kinds of automatic correctors, operation circuits and a canned circuit for the bending operation.

Through the variety of automatic correctors the programming has become so simple that it can be made by anybody with ease.

The article describes the construction of the apparatus, the specification, the method of correction, the operating circuits and the

programming.
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Numerically controlled pipe bender.
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Control console.
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Block diagram.
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Pipe feed stroke compensation.
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Block diagram of operation circuit.
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Example of pipe bending.
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Pipe loading.
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Y 10500 M 20 CR
TCTM20%EHHFLTCn 2 0l ¥2-EbHTICcks 17

W& 2b0-20 2FiRoTwil, HEZTELEREVRLTH S,

Ak, BURTERSSOME Lz, WFnTy o0 26
{pbT, THICKY A Do 0RE X X EBENIC TR & A
KEoThEY, 53 S L BRMFRCA LR LTH S,

(5) HW1oWMITE~DOMERLETR A, TDeZ OB
FOoEDL5 TR B,

K6.210 Y& N7 505K D 400mm T 545, 6.3 X
Dhd 2 K5I 0-Fcud T A7 i P H0 X b Feic 50
mm T3, koTzDE ETOBWHER 400—-50=350mm & %
5o Fie, HHBE AMI oD LD 2152 &Y, fiElkc 17k %
2r0-2 BfFTR 5 TwARWDT, M20 5.4 5,

Y3500 M 20 CR
(6) EpomTME C 847 5,
C 450 CR

DL EOEBROMTMER, 27000800 HIEEFTTR > DD
Dol P

(7) B2oOMHNTHET A3 %S ¢57%», Yo 24T 5.
DL ERFIOHBESTHMFICL S AMIEE 20— 2fTH> T
5DT, [T HEE Abo-0 WIEOBERED D, M20 2445 LA v,

Y —2000CR
(8) »2Fc, W6.2X9bhdXsic AT % B #UHEE
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FHcEfiEd 5,

B900CR
(9) #m20MFAE C 2HEAT 5,
C 900 CR
(10) #3OMF R ET AT ZRIEX 45w, T REAT 5
Y—6000 CR

A 6.2 XY 83 % B ZIHHREX 25, 0, 180°
TH 3 OTHIET I &L L ThhEbhvn, & L ERNFHF
[l +3e&, 2172 2 kh3

(12) #3 ofhiFAE C 2 ed 2.

C900CR
(13) DIECHiFMT®#&T LADT, A3 2 Avd hbdTFT
(Foo~F1ud) ¥, Feuo TR ETHS,

M4CR

) M7 2@ TT D, Feuo HERET 5.
M40 CR

(15) RVEERTORD Jodss WTEEST 5,
M2CR

Pl Sodsns iz TR 6 LIcRt, CoRpPbbRS

X5, MELDAS-3340 ([ X % A7 WFIIZ® Jodss REELT,
FRICTHHD B X5k > Tk CRIGETO BTHHIE & T
THED $oo (o0 1€ X o CHEE XA b DTH 3,

7.6 v U

Bk, R4 BHR RS MELDAS-3340 2> wn Tk~
i, XLIHATREELDH D, 2~ - B - - B -0

£ 6.1 Jodse
Example of program.

N Y B C M CR o] l4d
N-12 M-8 CR 75 v 7HE
M4 CR | #+ » 7 fia (050
Y-10500 M-20 CR F vy 7B

M-80 CR {F+urH

¥-3500 M-20 CR |+ v il
C-450 CR |1 i

¥-2000 [ CR | Fav ot
e o o
: C-900 CR | M1 v

¥-6000 CR | &+ 7k
B-1800 CR |B &
C-900 CR | ¥

M-4 CR | 7 v » 7 Wi 4K

M-40 CR | Fxvy 7B

M-2 CR | FurJa#fT

CEWT Y917, NF917 & b ICBRIORMBE S 5. T T
PILAMEEACDWTH 2 BECHRETTAY, KVEW DKL
Tnb,

A3 MFINTRAEHTRA2ERC B TITAbh T 30T, HJ
b deEpE L - H—R SO 7 0 I EEIE A1 TNoA D
ASBOFEREEN D,

Wb bic, BIRCH Y Wix D ZHIIE Wic 78 7o () 1HARRTE
TEEFT AR b NIC SR ) DBIRFAIC S MEERE LA v

HE & B LT

Vol. 45 No. 3 BEOHT MERIEIC X 568 CIFIAD Y ¥ LADTIIEW

Lij-o

(1) E2 108 (a) MBREEOPTEIHEE D5 EMEDORY THH 13,

(2) HxHBErELEDE LE LA,

i ML) LEFHENEBEXNHD

D EFTOTRLED D b OEAMER LFTERE LET,
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MICAM < R F L&A 2 & 35D &3R4k -
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UDC 621. 317.7
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Rationalization and Labor Elimination on Measurement

Fukuyama Works

by Introduction of MICAM System

Katsumi TAKETA - Mitsunori YAMANE - Kyoji WATANABE - Yukuo SATO

Surveillance on switchboards and inspection of meters for receiving and supplying are indispensable routine work, but they have

been depending on human labor for years. To catch up with the ever advancing trend of the world, the work in the measurement must

be rationalized by eliminating the labor. For the solution of the problem Mitsubishi has developed MICAM system, with which the

watching and reading of measuring instruments can be made epochally effective.

The article explains this new system to give guidance to those who want to rationalize the work and to eliminate the labor in the

instrumentation.

EIGRBIC B B, RIE R - WD - o - B - e
L CE B BET BRI - % Y ofREoRE, chicd
7% 5 HHOVEKE AL HHEHCH D2, chbll, e

ANFRPE > Cr 2 ORBERCH 2. —F, BRK -z AR LD
FARRTENC X SHEH OO L, BEMED RO OWE LAY
HBTHBD, TNIBLAEAFLCE->Tw208BRTH B, ¢
NHIEHONEE LT, LECELLZC LR

(1) HEAR¥EHTHY, RO Rcid AL L
THENRZWEHETCH I b, AFRE LA S,

(2) AHEHOFHNCRENZ TRk T, LA auay
IHHTTR o

(3) HH#oWMASHABE SIS,

(4) AT X3HASE DR, FAED B, fHARRE WL L
U, chic k3 5T 8TTL 3,

(5) HEBOEBMALE DWW T Wik d, RO IEF LR
ICAHED & D B, FHIlOERL2E:T 5,

BeHTohsb,

FECfEE R T B 2o D e 72 @ 8 MICAM 3254
T, T MI’I‘SUBISHI CEN’I‘RALIZED AUTO’\/IATIC ME
TERING 276 OWEHTH B, LT oNEICD FHEIH - AR

EEDESD,

2. MICAM 2 5 L Db B

F A E T OO KB DR TH B A%, F iy i
kam#K%%bnO%ﬁHka%ﬁhﬁ,aeéeﬁééa
2.1 AFTEOREH

BH ”@l FOWEHL, chict A SRARFCFAbhE D
DTHR, —MICE—EREE C L IR bitE. © OIFHILIAD
WP BIRIE 2 D, BERAFRHE>Twicich b, C
DEBCET AR MoBERHCEDLTCLICLY, BHfEvb
NTw3 AFRENRERTE 5,

2.2 ARto#Es

HiiEioBROMBCE»TR, AROREZbY20B D,

* RLYEDT

PESfe & Hi D ARIBEER OB B R L v & » S IRBHCHL A
5I5C@ofsfm50C®LKKﬂfﬁT%5 L= b Hige
ZALD R I H % 3 5 AREET - M2 T4 5 ¢ & I

&%@b#h&w@@ NG SV NP o
DR H D, —HT D XS RIS R NEEER - el 1k
BEXYVEIMUTHITARIERDRIAD, ATFRRELIARD S 5,
2.3 EHAEORGRIEDATEE

KEPEOER B ICEEAD B ERE . Lhdic, #il
RS OHEH T FIFRICEES & 5 0 L REMOANFZEL, LEEHMEE
LCHARFRECH D, BHD 5 S a0 FHE FIRICH S & D Fls
L, 2O F-a2 %M LTH L -ElE XUHMzTR5C &l
SRMEEHAE w5 C L TRETH D,

2.4 RAE#REE|FAHE

—DDE S S O BHOF AL IR T, BOBOHNT 25
&, BEHAOTAFRBWICTNR S & BRI EDbRSAED L
155, Ficc BRI A - BRI HETEL B 5
OEERK E {, AEANEIRTTR 5 L85 b RAREHIE 12 b
AR LRV,

2.5 HE{TEFToBAIL

ANFIC L DFHRRHA L BT 23, 20OBERIBEICT WY
THCERET 2 C 2R LE AR SR, C0C tREEEFNOE®IC
ABOTH BHIICERA QTS % X vWisligefh & 5Hasi H@T
Bk B35, CHEHERSKE > TR XD KT WIEASTERZ,
F TR b o CRUMITENT S & kD SEElE b A Ak
LA IERLRDT, ED X 5 IKKRHRY A b ORlioE- ¢
VBB ATIIEHERSE 25, Moz & X DEREEGERE
%,kaxﬁ%%% FRBOMS T b 5 2 & 2XLEETH
%o

2. 6 EEoOERIL

ANFIC L BR800, PITHAGMEBCE LIRS D
CH D, PHCHEREERD X 5 € 7o BEROE S, ﬁ?f%ﬁ
Fadaw BERIY DBV HEL . CORI TR TADICEFH
ab,ﬁk%ﬁ&ﬁAo%ﬁ%ﬁ&bhﬁ&&mm,C@kwmﬁ
BIAEMGE 2 D, TARBEEEIERT 2 DI AFREM T &
nY, FHOEMEEERbciRsc e, Zombb Db LE
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TH5,

2.7 &Y RFLO¥BENTEE

RO - BMtR TR - Twd & EFRILAVEEENTET
OHRFEBTH 5. T OBHRBE TANERTE D2, D
CEREHEAOBEME ¥R e dic, DLk AAFORER
TR oMM b bR - RSB T L L, cnmvi!f_‘ﬁ‘
LR L Hh & TLEDEALE vass (L, bW B UER
BT 2 03B B,

3. MICAM &2 FLDvY —&

ZZEEH BEEH - Bt MICAM vazrvy-R icld, KEH
3LT0DuaTL BD B, ThbLBILES EL OSFHERICKIT D
EHEEO GHE - #0{b% B e F5 MICAM 3000 227499~
&, BR A AHOBMEH OIEMAL - HI{tR B E T3 MI-
CAM 1000 225762 ~Z TH Do T DD vY-F & LTI LT
WA, < KBTS (L L Ry ML
CAM sa54 ICEER S,

3.1 MICAM 3000 &Y —=x

MICAM 3000 22540y ~A 1, B - B -
nJ BRI - EHE - WEINE, Foul O Feuan BRE,
< B - [EEREK - BlEAR E oS TREEE, B IUOKE - A2 0
WHAREZ MEFRICLTwEE, 2ibD 5 babuBEkck b B
bd LHRRE SN RENRE, HeErBE e GEFETR) Kl
WMICEE TR 5. % LT2OHE -2 OMIHERCE, 217
SR T X o THE AT 2L, AR k-
7T~ RuFrot T3HE BIU v K-> CREADTE
T e HE F-2 RECET 2 3TN D 5. HIE F—2 DB INARK
7 RETREBCAT B c kT, SEHEOKNY, Tha

WK - A2

N BB 7

~RH T 2R (BIIAE - AWEHEARY) OEK, H5wn
IO 130F~ BMZEOVER A Y245 C 2B TE %,

3.2 MICAM 1000 ¢y —X

MICAM 1000 m2543Y -4 &, B £ - Kz - 78-+ - HTFRME
FHRET, ot POEK - Az - AEOHHEL P~ 2 WIS
PHEWICT RS % LTEORE 7—2 OUHEHERICE, X\T%&u’:
T3 Eu OEELHRHICIECT, JYua IKX - T2H O

Tob TE & —HICEIFRST 5 ke, 5-J/A0F KX » Tl 577
~FEEEL, THE Fus1u OEFH/NMEETESE MELCOM 80

y)-F AN BHEE, B LU tvs1oUrLa(s FIE TR MEL-
COM 350-5F % {iJH4 2 5o, 3FENH 5. LTRIHEOR

AL D& sTob T OESK - 2 KEO M A EHIERC, FHa

DEFPREBE - R ERT 2 T 23T F 5,

3.3 EREER

Frub B8, 72k 2100 LT Shwliait, MICAM 1000
py-Z kb, XY EHAERERS IS, Thik&sior @

FrEfEd LN s

AU 2 RoFi )

X CEAFRORTT DA,

HETTES DOTH S,

CAILDFERD I

4. MICAM 3000 > X5 4L¥ Y —X

e

_75__9 ”yﬂé: % L{LH;:L {/::&:, HijJ

CAM 3000 y256Y-2 I&, EOM

1D P LIC Rl X% MI-
WPk -oTFEFELS 1 icst4

RS D, TNLRKD LS AKERR>Tn 5,
4.1 YRFLOWELE

4. 1.1 MICAM 3100 v x5 4
B 7ol BKERIERRL L, BRI & 3 5 WETHIC
LIRS CHEMWCHREL, 20 F-2% 217312 Lo T,

FL20WD X5 CHIFRET kY, BEUE - BERZZOK

% 4.1 MICAM 3000 z254 vy -4 O
Description of MICAM 3000 system series.

# 5 st %
voxoFoaom EE W hEpEam e e s AV e ve mE sE e & o %
Z O it
v A | kW kVAR! i Hz | kWH [kVARH| kW | °C |kglem®| rpm | m¥/H
MICAM-3100 @] (@] @) O O O F a2
MICAM-3200 4 S A FaOEn
MICAM-3300 O e} o 0 o) o A A A THu s+, TEL
MICAM-3400 @] O o] O O O A S 5 [ [} | [} O THuy+7F4 Y2042
&) CHE 7 4w rfy, AHET s P xE8) DRrtouoEHRERT,
& 4.2 MICAM 3100 y274 € X 5 EIFEH % 4.3 MICAM 38200 5254 IC X 3 EIE{]
Example of printed data by using MICAM 3100. Example of printed data by using MICAM 3200.
< J
BB O ¥ % ¢ (AT R I }
I OOHR A ® A ]
" &ugﬂ I j]gﬁ 3 B:ﬁ{‘jniifblgiﬁj T/\)J‘s"%il} ﬁﬁﬂfgﬂhﬁiﬁﬁz TR I LY \YO,L‘W{ NO’;EZEL’ T, ;
H 243 3
% kW v A A kW v A ¢ - - - S I R :
< HE N R0 EWH ijg;k){/ﬁl FeryF R RIEHRIE LR ED R
€ x1 3
09.35 | 25 750 450 13 | 097 | 842 1 199 < B o ARH | X10 kW X 10kWH X 10 kWH X 10kWH] kWH
09.57 50 150 451 241 257 198 89.1 21.1 E 09.00 | 07254 0945 032 0953 122 297 251 657 :
o :
10.00 75 225 450 361 377 294 94.5 22.4 E 10.00 | 08204 0950 033 0953 121 298 255 845 ;
2}
N ’
<
10.05 100 300 450 481 497 3%0 98.7 23.6 f 11.00 | 09177 0973 035 0982 154 301 247 891 2
‘ 3
< 5
125 375 2 12.00 10192 1015 035 1021 153 297 238 783 é
NN VSSSUUSUUN SUSUN IS SN USSR SN & SUSSUIN
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% 4.4 MICAM 3300 254 I X 3 ENFERF
Example of printed data by using MICAM 3300.

% 4.5 MICAM 3400 ya54 I X B EIFH)
Example of printed data by using MICAM 3400.

z w ® B ; 2 x % 8 # ‘
® A B W KR 3 % A B M K&
o b
} = ® @ # @ o7 B g | No.l mE ) ] P it = E B * B oM
Y
R R W i e v ¥ i;wruj T G N B RER | M A ERRE o %o | meun | il 2k lamw Hessa
| %10k ; X1V | sk | I gt |
v LA bookwixokw, “ARE | v | A xo0 KWH A |kWH) kv | A |MWixi0kwH ARH V| A KWH KWH kWH
— ‘ > bl
00.00} 22.5; 128 457 468 112 6630 | 127 175 47.5 1 602 : 00.00] 22.3 | 153 5.47 558 053 527 16,6104 151 863 535 639
!
S et S ) ¢
01.00] 22.3 | 125 459 468 115 6650 | 121 168 453 | 587 : 01.00 22.3 | 157} 5.49 562 055 58.5 | 6,630 | 155/ 8751 521 657 g
5 0 589 ) s
02,004 22.6 { 114 43 468 109 665 15 163 44.8 89 ; 2 P H g
] 4 A SR S N
03.00] 22.6 | 137 478 481 13 6640 | 123 167 4451 593 5 T g
SANUNN SN VUL SUNLUSUIN NSUVUIN USRS Lo 17 wowo B | = # 3
FE S OBl - MBICH T B F-x W%, WiidDIEREICTT WA RAUED S ST GAK K EERAE R VP | 2F 4F
2 kglem?| t/h | kb | °C | °C |kgfem?| °C | °C | °C °C
AN 5 o 2
4, 1,2 MICAM 3200 & X5 4 00.00 | 545 | 412|542 21.3| 63.5| 563 | 531|252 243 | 22.5 5§
e o] T e ey ] Fedz e = . FIE] = 2
W - MIE R OREHED 2wk —ERH T & odiHR, 01.00 | 5.67 | 428 | 5.47 | 21.5] 63.9 | 5.61 | 52.5| 25.5| 24.1 | 227 | 23.2 %

XU Foul DHPEER R E L, HEREC LD 2 wEFEHc X YL
HEARECHTMICHBEL, % O F-4% a1J51/alC X » TR

HZeic, HoWEREORE L i, BBMICAERZTTA

4. 3DHD X 5 IENFE
KiZiBEh3 0T,

B%EM2C e dCTE D, T, £ & OHEIEY
THMHOETCERD LT & HTE B,
4.1.3 MICAM 3300 & J —x

2T % 0, BOEIROIEEIRES)
PHYR I OMIE L, B X 2B LD

il iaea

XD F-2 %

T ] Sk
WS HRED

3 5-a 0)1&}\,
U]f ’C 50

4. 1.4 MICAM 3400 x5 4

a{F542 K X > CEER
¥RT. AFFTELIDOHERIEETH 2 ZEE
FOFOEH ICHTAT S C

&Tk

RE~EIFRLER T Do

&

% 4

e e e A e A e A e e e P A e e e e e N Nl AL N ok

‘/-\’
4

I
BB INRE

MICAM 3300 {%, iEt MICAM 3100 & 3200 m254 OJERE MICAM 3400 %, BiEt MICAM 3300 v254 1€, X bICZEEIES:
Fb W 2256 T, T U OBZERERR ORI T BUER TOWRNE, duvTLwt— DIEY), B D WIEHE - BEE, KER 2 ©
ThE E;}—
<z
MOF
1
1999
(XN
PR,
h ZA S5 478
Sl
X 4.1 MICAM 3400 254 D Fpword{vo36 Block diagram of MICAM 3400 system.
MICAM o274 AWK X BN AL - 457010 - T« (LHR - 50 - 451 543



HHEL ¥ OFHMIHETIEL S &Y%, REMAEREDEN v
TH D, L L OFEERIHE », EHERMA S o»rTK
(EL@:%EWEH#F?C L, BEVWEREORE L L 2 CHEVICHE
7RV, 20 Foz ik 213512 Ck->TEL 50D L5,

E{D‘ﬁik PZEFH R e LIRS 5, Rl RIS EHT)

YICTETfED 258 AIICHE ﬁé:ﬁ»o@ , Bt bALDT L,
TR O AL - W b RIERD 5o

4.2 MICAM 3000 yzy-Aong&

D BAEMTH 5 MICAM 3400 2254 X, KD X 5 ICHiE L
TWnb,

)J

kT RHREE S ERE N &R - TSR F EE
! IR
—FEHEBNAGE -2 - m,i\m & fizt-a
B F R EE

— RS AL ZoHARR

L’%@Emv PR
SRR I ——tu o2 - A/D 5 - SRS - BRUER
IR - BHURFTRE - AR
—htua B - RIS

TR o1

COREDO—FE UT, Jowodtrdss %R 4. L, iz bl
BEHYRE 4. 2 TR,
4.3 MICAM 3000 o 2 5.4 OKEE
MICAM 3000 3254 ¥, IROEBHEFFEHEE LT 5,
4. 3.1 AUTO PRINT (HEhEs)
(1) sEmsg
B COFRE LW GEFILFIER) hd e, 256 N

Jf’& TN /an féfu‘ oY “”fu[ IBIH'H 13 i)igﬁﬂr , B Ubﬁ’i?j:é

N T ~TOHE SO TCHEICHE R L, % ORI O
R 2 R 5-a % a5 1 2 TR HEE~HIEFRL &

FATTARE

X 4.2 MICAM 3400 u254
MICAM 3400 system.
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(2) REwsstm

BiY o THESOSERE S L AR vass BiEATEC IR KDY, &
DS OTWEC X » CTHERERHEAXRE IR 50T, HEWIC
FTRTCOFEHICOWTHERFBL, ZoREH L E F-2 %,
BEEEIE A TH B T & R UIRT BIRET, TR AR A
T %, el AWK IRIL, Fool PNWEN R 22O
HoLE, Foult—2 OWHEASTIET 5. C DX KT OFE
L e &, BT AR LCHEREINE fTAbEesC e
T, WEORE LAFLR, 208 X0AWNOWNREML T 2T
x5,

4. 3.2 MANUAL PRINT (FBhiiss)

WE Lic W OB T START 21w3 242, 2EbILT~
TORWERCOATHEZFE L, ZORKEREOR & WE 7~2
b 175442 THIFERERT %,

4, 3.3 DISPLAY (EF)

HGE Le »glliE fi% SELECTOR 24w3 TR L%, START
2qwF BT L AR BICE O HOREER T\, HERTIHREmE o
HBEFERED —ov- BIC L 2T, ZDRE 7—2 % F40a1L THE
AT 5. £ DISPLAY ik 740/ ficsd LCo AR L, FEIIHE
R ED FeuaL BICH UCTHRERF LAV,

4. 3.4 BHER

2256 1C P\]Tz%zé%bfcf%ﬁﬁ 7 IR RN BRI U, SRl
OWRZIFERRD —ov- I X » T, BAERE% Fagan TERT
%o

4.4 MICAM 3000 v X5 4 DEHE

MICAM 3000 z254 OTHREE KD X 5 KiThbit .

4.4.1 7Hnsg (EesHE)

TEHCAEIE - W - T - (U - SRR - R - FES R ¥ 0 5y
0 & WREHE) O, SREFTABMC X > CH L Lk
DEDD—RAINCHIE Uiz K 2V OEFEEIC T 5, 2
21 0~150 V oA, HlRE—EHZERS ik k- T DC
0~15V ic, ¥ 0~100°C ek, RE-—EHEMIRCL-T
DCO~1V icgsifad 3, SRS E2FT 58, tLoa TINDLOE
WEERER L, THK AD #iig~%h, BCD o £aa B
T 5. D Faual BEECX-T, EURERTE 217512
i, —RANOWE F~2 & LTHIEF 3T 2T, ERddnid
ElsFgstd 5.

4.4.2 FuTryLE (FEMB

(1) |k - MeRyEIIR - AGH - A2 OEHEZR Y

FABIER & OEIRE - B EE K e R E R
ORESEEE LTHIAL, ZRbOREFEFEILO ALz GH - &
FE) % Az ZHREERS T €, —KANCHTIE Lic#iko ON-OFF
THD AABCHERT 5, SRBEROBOBDCHEEN TS 1Y
L2 WO hove HER, FOR 0 Do ON - OFF [l #H4x
L, BCD o s gan %2 LTRET 2. a0 5L ¢
LoR TZNBHD Hvva BIEEIHCIGER L, REER TSI AL #
FWMOML, 2479512 CX > T2~ 40 2 CHIFERHET 5. 19vr
EMOE L Ee LTk vtwr L, BELT B L TLE
Mo & ol fE, ¥/, 1HIlEyter L, ZFRLTHELH

OEEHEHEAELN . 2 LT, Ytul 2220 FCWE LE
WMoy L A—oREE 185N 5, HIERCRE, LREIT L off
REREHEL, LOoKbY KzoE 2T CLITES
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43 F20FD@WIEK

Movement of demand.

(2) Four

BHREF ORBEE» LD AR %, AL 2T FouF IKHE
L7 Sz BUCZHA L, h9oa 30 hdus M L EE hour ICh 4
Bo hova B, 2162 1wF 2 b OHPIEREBED vtu bt EB%

U CRERKT T3 28 I, LAY BREY 5, —F,
B ooz 1%, REERHREED 1ot BB 2D, k& 2EFF
WICK S 1ewb 2T AbARveE, BB LARI S I TR,
Z LCHBEIIC & 2T, Aavos BIBOFHE Ukfl &5t hova @
AU LR W L, ZofERA—BLirs ZLHEOL ALz IO
hovs 15, R 2 5 Bl e Th 2 o,
BERRCOBEDORK Fou il 2 & 21, Fouli-a OFEE
StofER e FA—DEFIE L3, T O3 hyoa DO Ll
ZWHHIL, a1ds1aiCk»>T2~4 kT 7"79 Fife LT, B
TR Do VLEomEE, Jnwr ME X O & B R0 BYRC
TR, 4.3 ThD,

4.5 MICAM 3000 o x5 4 OMHHE

(1) l‘:]]i"j’IU‘ x4

(a) : Foee 2~ 417z
(b) HEH: - SERE - & D Frudf AT 3 W e
(2) ¥

(a) I - RTEIRL - Fou i +1 9%+ 1digit
G L0

(b) B - HE - B - EREF -1 1 %+ 1digit
GEKE#KICHE L)

(¢) FEuse +0.2 Hz+ 1 digit (FEvgro)

(d)  frtEsg (JIER) - £3° (A T)

(e) R (S - ZESRE - £1°C (RET)

(1) E P2 1%+ 1digie GRAGERICH LT

) FREIE GRE 15~25°C, #iBVERERE 90~110V) s X T*
FEsmmoERIRRET,
(3) FEmEsEs

(a) BB ¥ AC 100 V410V 50/60 Hz 500 VA
(b) iﬁ}_ E{......()N‘/;()QC
(c) & B 0% LIT
(4)  FUErEHE
HERLESD - 1%

4.6 MICAM L X 54 DHEARE

MICAM 3000 2254 CHllRE F—a2 % AET 5 BRI, 5
D 217512 DECH -3 B ALFEESE Svua BB B, bbBA
ABepke> MICAM 1000 9 —F i % DB E 7 5,

MICAM 2254 A X 5 EHMO SBME - 201k « 50T [ - i

K46 %03 X & HE S
Connection of carriage length and measurement number.

G4 p | MRS mEas-x s s R R WK M
340 mm 330 mm 127 225 920 & 2t kg ACTI0V 50W ;
w0mm | omm | s | mosm | 2ks | o0 ‘
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