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Mitsubishi UHP Arc Furnaces
ltami Works ~ Ken TAGUCHI - Toshie YAMAMOTO - Hifumi KAWAGUCHI

In Japan UHP (UHP means ultra high power operation) arc furnaces are now being installed extensively. On the part of Mitsubishi,
80 ton 35 MVA and 120 ton 56 MVA UHP arc furnaces with BBC electro hydraulic electrode control system have been manufactured.
Herein are introduced the talking points and outline of those arc furnaces and electro-hydraulic electrode control system of them

for the reference to those who are planning to install the arc furnace in future.

2.1 E—T#EHH 120 bo7—24F
L £ 2 # & b 3 ol b7 —20F

(1) 4 f&
MR, KED W. E. Schwabe IC X - CIRE XN 7—0 D % % SSKD-650/56 ¥
#B4FES (UHP : Ultra-High Power) 9350, Z O\ paidss YRR 120 kv
LAHICER L, DEEICENTH RBEOWE RERILL TR 3, A & ) PR 6.5m
2HTH COPEFCHISLTHIER D S & & dic, EINE KD 7 HEHREA 5 7e ED IRBFEREAR
~2 s L R 4—h- TP % Krupp, BBC %4k & 4 % 1% P57 7 R - JEml : e
W, TEERMmHEERC X5, 80 by 35MVA ¥ X8 120 by 56 | B MR MR 45 B, BRI WMl 15
MVA HP Z\» L UHP 75 {FR 8EL, FEF146 SEFOICIIA L & UHBHE - WEX
Teo AR W BKHEmRERE 100 mm/s
Tz, £ UHP 7—5 s X YR EGIHER ORE & BB HREHR Wk k& r-Iu AR
ML, BEEEOBRACOWTES, BHREMOSEICHLL ERERRE 600 m
» (2) ZE#H

=4 60 Hz, smkast, BAA

2. UHP 7 — 2 iRo i AT 91—t b S
K A —_— 19 =

80 by BLU 120 by FOEERR2EDL BN THE, TR EHAR 1 56/56/256 MVA (67.2 MVA 2 )
BAPEREBEG T OMERE L, B0t EmARECER S —IKHEIE : 154kV
Lo L, BIFOBMEEER 2. 1 KR, ZIRERE : T41~1T1V (21 247)
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Outline drawing of arc furnaces. SSKD 600 80 | 12700 | 4,300 | 12,500 | 7,600 | 11,200 | 4,600
SSKD 650 | 120 | 13,000 | 4,650 | 13,000 | 8,000 | 11,600 | 4,600
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120t Arc furnace.
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Skeleton diagram of 80t arc furnace.
MR 7 BT 207 GHASRA &

fw, —K - ZKECH 33KV oRERER G L, T
FH B L« Wk i), ZOORBICIE IS ousu 25
MVA % AT 3, FEHIIC DWW T RACEHFR S BB 72 W,
® 2. 2 F¥gEd o 120 toy-0 FTH 5,

2.2 FHipH 80 b T 2R

(1) #
% 4:  SSKD-600/35 &
PR 80 by (A 100 t2)

fFAs { IR 1 6.0m
TR : 550 mm
Z O 120 by FEET
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(2) ZERESE

ZHH 60Hz, ikpt, BRI

BTG D=7 b T

SERRARL 35 MVA (42MVA 2 HR)

—REITF : 66 kV

TREEIE 1 591~143V (23 2,7

MR 7 S 2.7 Bl &
RIS 66 kV XD oz AHFRIEECHE L, TTic 207 1)
s e ARBIEUEL © Wi8% ARD HXTH D, NBKH a7y
b COMBBESRICERL Vw5, F2. 31 80 tuy—u fFOM
BRI R T o

3. ZEUHP 7 -2 FnEELoRE

UHP {Lic & $ 7 5 Bk ORI, FAD 7—oTiu$- BROH
KEKERICE DR > TELZHBARLTH S, ZOMMFE LTOH
HD 70 FORER 5,

3.1 REFOFR

UHP 7—y JFIC 5T, FRERAD 70802 % /pEL TR e M
T K OFHERES L CRE L O DICRAIRTH 525, Koy r
~I B XV 746 ROERD AR ERIL T AL, T DEHR
D& kE QU CEKMTHR % 80 % 30 B T80T e K&
L, YFPozua ZMAPEREB L5 Lk, M3. 1 KARTHEDH
T Mvdraua RREEMTH 5,

RS b TEARIC 2 5 SRR TN CEMIBRCR T fik v,
JAOMK C 5 B B L, »2HAE (vdoa02 @ Asva® e b,

L L, FREMEICTEET S Ko b2l b OEIRE

YFoau DAERHET 5% LA B XD T &N

ZM uyrozua &
v, HHo
TE7%k,

3.2 K&Esr—-70

SE O - - T WA 4,000~5,000 mm? Ok 7-JL *
FHLTWR LX5TH DR, KEWHEHED 57—Iu X EROBER
CTEEFHRIEEEA 2 b 23 <, FFay ﬁT% XF D7D L KSFEE
ApERIC LT w3 DT, &HKE AR r—-IL—E—ovast &
EHCFt L < AkRMRE Bt T 22D kniAE LR L S5 141
M7z b BARERKIC Lo A& 7—Ju i 10 A/mm? Ll O HFEHE

CEALTY R ALBER AV, 7—2 FOBEC AR ERED,
BICERBOERIC X3RO DCHFHETL 22T 0T, &
MEE L L EAEC S E X o

F7e, WD 2850 B, R Uh e BROEHOZ®BICETS
285 & DEEEIC X 3 BTN OEERH 2P DC, EDE, K
TR BRI RINA T, XY B R e L, BHARNE
ke A L,

Tz, HIBRHC 22t OFEE 2, Bl 2to-o DS LUTICR
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Examples of water cooled heavy current bus arrangement.
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3.2 EEtuLd Electrode holder

R 3.3 oxb ik Mast support mechanism.

3.4 Ky fwoz BLEK
Arrangement of water cooling boxes.

ZZEUHP 7o dF - 0 - 7k - JIiA

bARVEHEEITEANI S fua-0wy LD, K& r-JL OE
S2EL LB 170502 BFD X €,

RE =L 2L T3 DI PFREEREFC L 0T TH LTHR
ET2HELY D LN, A& r-Ju HEBDONW IR L 5 L TEERS
BIFELSARVDT, WMEEL X4 CHE Lk,

3.3 BEFLY :

UHP 7-5 JAIC 3 C R BAMICIETEERBIRER 725 C &
CARYW, 72k 21F120 by 56 MVA 7— o fRIC B\ T REMRET T
BOKA #iz 5, LadioT, ¥k X UEHRBICETERTH 5K
SES LURBERBRAARNE S, ERC@{ERNIC > TR
LA LD T-avb 23 3, ZONNCHLTHAEEET D B,
POENERRIINE T 520K fivd 2IEEOHEICH b »
T, TRUEBGERERSEC L, oMM e BEE dvaot OB
HERI Lice T, KEWIE 8 KDOAGENE, b EREHFMD 2 HoO
2vAa2 0w BRRCHINERMICRE T 2 S Lz, &0 Jvast
DR TEM & DEHRE B T2 e/ L, EHEROHERE
AFECH LT H- A% HD 5 2B LTw 5, KEGHHE L
#Jowo BEEA L, BEHEERD LUEQHKEREBR T2 L L3
PERERL Trie 517 AT, Bl OB AEE L ok
WEND XS5 LT avast MOFGEREE Kok, fivd DAEE
3. 2 [T BARIDEVER TR LA KRR bRk o7
RO, 2o, dvasot OMHE - I - AR - INTATNCEE
Iz, 80 by - 120 by HIFE IFHIEEE L CE R TEA,

3.4 =R IEERE

220 X 2ARDHEEARE vyod RN TE D, o 40 MR DL
4D D3 TEXLTRB, TD®H, WAERE XL, B
R; OO FEREER AR 710 IS HE D X\ ik FE R 26 & DM EEIC K-
THIEE A EEBBOITILEE LAV, 2O DICHEEHKOBsZR
BRNOT, BHE CoF-on T ML DR 10% PNELTER, 22
bSTRHEE R R 3. 31CIRT .

3.5 KR5S YLSOER

TR L 5ic, UHP7—o JFiC 5w T, Bk 7-6 - 22t
HOWE L OLEL LERFLRICEL £220T, KEREN 2
2507 EIIICBRRITEOBBR X D £ R b, thEficik®ic
EHHEA vvd DB A5u2 Flvyud ZIRAL, BEUAO
TRCOEEE 502 L TEMAR 2059T RECD o FICH
BCBKENYDPHPbARNEIC LTS, COXY, BfELTE
REIEREER DWW B HIC X BYTHALIAG & A SITEI#SE CTh AR n,

3.6 kgFvrR

MR R &L L, O vroaur OFHLE LY, EEE
wFHoL DFEINE R o Th, TEXDEFFRHCZIECRE RPF)
DLE~Z2HBICH A BEDT, & IC FEEN K DIEFER KELSARD
DORBFONAEV, COREE LT 120 by 5T, Kby b #H
KB RuoR 8T oo tw b 2Rw b 3D Lol iR D K Kwon
BEHLCHATES X5IC, FBE LU OFfiIcED c B 3. 4 D
Fihk & ofc, HIEHMEE D R CHEOTREN D H o TKS v
IABLBEHMLCR>T LEo2A D, ZOFFHHLT 180543
Pl ECRATHnS,

3.7 FaEE)

FhTc REERE Lof 2MEHE N, FERCEREFES ABSDT,
Fbte Youd BARE Sero b BB Lawe, ERSEC s EY
BDOAS & T AR T Ab ARSI L, W Ld -
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5.2 7o fFlliETI% & SEHETENE
Furnace power factor vs. short circuit current ratio
to rated current.

EffE7c 3 7—0 F@EBOE DBMCERETIE, 7-2 FERE
PREIC/NESTED L, BHREEERIRARCLECTH X

"o

5.5 #v 7z
ROLS BEEEELT, ~Fhd MR IE EHUBRKXARR 2
oF U AR ST 3,

(1) BIEHEBH EN TR REERBIC X3 88ED 7-0 FO
foul B XUATRMEA YCERLT, DAEACHDNEE R
TR TE D,

(2) a3 Tz 02E, whbnwbEREFHRLATHTH,
7—0 DFEEIRE 7% 5 2w OEZEREDTN B E LA \VWOT, EE
ERE D i, ERECART 2 UHP Fcl, AR 207
DHEEREANC X 5 207 IR D OBERET OHEIKE »,

(3) =AML +WROMENAEL DR TE, WM - &
FHROBEFHEL 25,

(4) ZEERARKELARD, BEEO2%-2% t %,

(5) f{EHHAEL ARb, Lil, EEBEFERKEL RS L 3y
5 OB O 5D 2 EGRNEL D,

(6) 2T YHARENOMAND L, EEOSR - Bz 2 ¥
RFOFERBELD

Y, BHCDH->TR, 7-2FRVGABALC 70 &2 LD
BATOT, au3 RPCERERE L U UHRA 3 e, B X
CEMERETNKE O CEEBESEPT X VT, 52
ABEAET D2 LA PKBELATILERLAV, 5.2 {C
7—0 EOMEE R & ERFOEROESE R T,

Le 2T, BMEHEICHZ > TR, ThbEEEDS LICHRE
LAGNER LAV, 5%, FEEBRORFRAL & FHR I OE
AT & b 7% o TR 2070 THREOFHMARL R > T3 THD
5o

5.6 {FEENELEERTEORE

BRI « ZERAR - BEROFOXS A EE L TR
E L%,

(1) BEIEDROT YRR RPFO 2 HE L R\,
(2) FPEERLEULERONERDEVEB AbRLSCT
5o i & 60% LLEKCT B,
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5.3 oozzz- #ERE
Cross star connection of transformers.

(3) MBI 29597 S BHEIR avdr—2 & LCHIEIR % 5
VLT3,

(4) WEZZEBHICIS UTRIAD,

(5) BEFEER vosLass Eh 431257 KXY, BEDHR
e 255 OHEODICHEARTE ALY 5,

P, HEEATC Vb T % IETE i K 7 3 JI8R 70.7% %,
F-2 BRI 2 5 R A (—ie, NE2~T5%8 oo
AlCH3) CTOMERRBWAERTHY, BERILRETS
GrikchbnFERIC bbb C &, 7-0 ORE FLED
S, WAPOHFGE ETRENICRRI LS LT adhidk
bAE\,

5.7 NEHERaCF LY

120 b PO EICIT FHEZE RO Z BRI, 80 to FCRIR
BlOFEFLERIC 1uF0Y TAMALSUCHBETEs koK,
125MVA 2800 BT, 28-2 D3 A bwiIhd 7-2 il
FEF L DBMICERT WS, A, 35MVAZERE, K53
D X5, 20228 A E L, 2sF BHRAIC X o THEER
FHELTH 2uFoT WMTRENRELLAR IS KL TR, (2.
3 &m)

RSk, 70 JFEE 85~90% OENIRCIEE XN D OREETH
o753, UHP 7—0 FCRITRYEERMHATTAR R >TElL, —
fivic, EF) vy BHV LR

(1) 2u5vY FiBHEHzR A r—J Bk, 2u7uY @ aab
7 Ep b 10~30kVEOEERTH TN D,

(2) v D 23-2 Bk ) KELARD, BEROHIUEKD
BlEEY H 5 0T, 7—0 FEGRICE 207y AREgE0S & LT
COBRMICERIILD,

(3) FEEOTETHA->Th JoFvy MTEENELLEY
ERTCEER AN S C e ASn, B5. 1(b) ki, HMEEER
MICESET 350, FEEOFRIC X o T 3uFuY QMRS
I+ 3 OC, FEOBEENLY w0 b—EICTHEAT 2 HFLUNR
Yoo OFFHEAEL 2%, L L, BRAEC XY, 205070
RO TR BT X > THA 5 BB, BEIRd—EH
BEICRANBFIEAD B OT, BHEHRO a2k & IFEEEHOE
FERLTED 5,

(4) FREMOZELICIE LT Juivy AT T 2 B3I~
ChRWE, BEEEI/NE LT auFoy CEZEBEELAPREN
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BRI, Avg 2w ohend Tk b BARAKBBZ TSRS

N
) DEBDH D,

COHBHIC (3) CHl~& HEREATTD 5,

(5) Bl 1009 1K L i3 5 255 H % . 909 ekt d
2HBRORMEERI LT L TH 2,

(6) 7-0 FAMCRAXEOEHELELOT, wsvy OEFY
PO DEEDEEEIC R EEYET 5,

6. 7 — 2RO ERGIE

I ORI D I X SR Jadss i, HBEVIE Fouf
- BIRHEEE A LRI ST B,

W JoJ50 TIMERE, WX OB LA 210002 %
M U 7 SIS, AR L TR AE R REE
KAZE, ZOMECELTHLA LTS LNATEE - EiE Q)
BICEER L, RIS C TRl kg th 2 A TR B 5 &
TOREEE 77 5 b DT, W IR OIS - BERVRIR O KIS

BT 1m0 b ()

AMII2zwh

N

6.1 SoJss i 2f1o00v0-5
Micro controller for program controller

ZEUHP 704 - ©HA - W - JliE

BHIIES, BETEESHE  FEORRERC I 2B0E R
HiZe & O N IHEEER b - T o AEEITIE ERIC Y 3 FET
$%, ®6. L cx0NEEYRT,

T, THEWRFTLTHEOE® x 5 (FOA, &5k © ETE
&, FEASEEL ELRFHINTH 5,

& b IHIEH % K CRAEEUIC X B s g & LT,

(1) HEEO7-0 FPARZED Foul - EREREH

(2) #¥ oswd, BIEED QL - e

(3)  FEHIE

(4)  n—fo B - B

(5) BAML - JITINRS I

(6) G IE

(7) B - WS HEEE L oEid v

(8) F-zowtud - B
BERD D,

20235 LB ETO—E L sal0-vass ELT, &
BHIHLEERR & Z DHIR O 7 0 QAR RF B OTAD 2 5 @l 7
Wtk tlEbhs,

7.0 ¢ 0T

TR A L 7e 2440 UHP 7o JAOFHE I L UHHEIIC BH72 o TD
S DWW TRz, WFh 3 lERG%, B dEeoC, Fi
BRI RIC DN TR B b e D THE Lk, ARinE bR &
b UHP 7 FRHH_L OBEIC R NERE TH D, #8b b ic2flic
UHP 7—» i OESH G2 T Bncilif, &b U lR%
MICEHOBERT D LETH S,

T £ X M

(1) W.E. Schwabe |g#> : Jour. of Metals, p. 75~80 (Jan.,
1965)

(2) #oK : =2 5, No. 1, 3 (114 46)

(3) W. E. Schwabe : Fifth International Congress on Electro
Heat, No. 123

(4) H. Eggeling {3 : BB Rev,, 55, No. 3, p 91~96 (1968)

(5) %I 7o FHAEIEERD 290 HE, ENE oot
U4 FH (B8 45-7)
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LERD DAL DL INAD DL B,

() PR LT EIRH 0 =8 & PRl OEFIZEE & iy
FTORT 5. BRI, EEEROZIX 20T BRIC X > THEZ
LIEREHWL, HIFEEROREEZEZ TITA % COHK
Tl 207 BB L EHFZEER L OO L+ i CB 2 2Bl L, EHZY
WE£#~ﬂ®§3am%&bfﬁﬁbfﬁﬁﬁﬁz%%?é%e
THD, LOLE, FCRENECROMEERARNS DT, D
S IC k- TEIRT %o

(b), ()BHBLTHS L, HEMEE LT, (D)2l
TEEEREV, ()T DSZEHR LAV L, PICEERE- T
BECHY, ChEFOERCLICIEETs CEithd. FREMIC
Z(c)DiF 5 B/PFERCRAEFTCHE R, Uhrfe LIROKE
BEHCENE(D) & (c)DEMHET Y, Bonghipe(b), NEw
() HNTHEET 2 BACRIT LA ED b AR A b, TR
TBAs, Hikd 5 koK, KEREe LUEERE - KEKO oL %
BT itk s,

jh

L2 7-2FREESORE
(1) —nRREesH05 L, D¥QL5ICk5,

(a) ZRMIMEEE GEV), ABHR GUTAKE X8

(b) ZRMEEE LEEC (RERELREELEOHE 2 ¢
1~5:1KCH AL, LadbPAACEY B2z AThERDL ARV,
C D7 DI HHFEIHNED T ¥ B MEART 207 VIS, BT 2
J PSR T b g,

(¢) BMfOLETFML L, 120 9 2 BB AR T & 2Rk 3
N, THiT 7o PR ORIEP DN S I - T, BN
BB S S35 7, B - BBy iR i< A
Thidabkn,

(a) Jwood BMUAEBAFCAEL, HEERECLTHN
FERE Jwvod AL, 30 CREEEESSEE L CEERD
PHEIRICES C e BH 30T, TR HeRTnNELRb A
Vo Uadge LHHTH D & —KAE 1Lorub FEETH LD,
COHEYVEETH D,

(b)Y ZIRGIOHEHIGT D, EHESERE D5 AL LTER
KRR GNEARDL v,
(c) mHﬁﬁﬁxvx%&%ﬁ%MbD,ﬁ&hE%MK%ﬁ

THDo TNI/PERMETEHESE, HHRABEHIND,

(3) HEmABECOWTE 3ECHHT 2,

1.3 IR ETRES v 7 E

R ORFRBCRIEERER R BT B 2D, B 207 BN
BLEC R > TWS, 7-0 FHE LR R C L],

(1) aol @R, FREHELEEE, ERERO 1.5~2.0
BEOEEERAHI, chzLlefladh@diabhvne &

(2) PolEssEREoycE, BROZHIHEL L, BFE
WELLBLATh R R bAVT &

(3)  auJ PHEEIKA T LT AT,
BB 2, '
ERDBIT b, I b —EIH XY B R aES TR E N D,

CHEEFAEM Y Y 2, SHATQMEEhIE XL, B

T

1 fic 100 [EE b AT

T, A D WARES A OREHIN 5,

2. PE-IHMOEER

2.1 EREHR
Bk 1. 2 0 (b)) #$pHl. 154kV % OFF 5—J), CHEIEES
SICMAL, ZEFRE 1uoru HEETH 5,

(2) BEINDHI, BEHE F—ORA WK THE T EH B L CRBdEREC X v, ZEITOREMSC, FERET
£<, LABVWILEL AN Y, chicToies L AT A SR EINB T EWREAL Y A, H-Tu DﬁﬂF‘%lUjFEE?.:ﬂxr
D&\, FEEREEREL T,

U v W o . b e ——Owa Wy O— U Ub U WA Ve VB Ve Va wa wy we wa
o o °

R P i ]

<1.((U)T <:-f1w}
=2 [a0r5a]

oW & 3w e

i

> SN

U Wa

R 2.1 pE- TIERDEERREIRE

M= T G B KAy FRIZEIESS - Sk « /M

[ emsz

Uy

Xa Xp Xe®e fa Yo Yer¥a Zady Zo 2

v, z\

Connection diagram of transformer for Topy Steel Co.
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2.3 MREJE BHE 2,7 s

[ I

B 2.4 pE- LMD E A K2 Y
Sketch of transformer for Topy Steel Co. in transport,

A% 65°C (kiR JEC-168 ¥ 35 b @ 25°C LIFChid,
COERTOC) & LTHEEDEX Y 10CE L LTwE, chid
Bt ic HI-L iR BHER 2 (I L < w3 ewc, 2Miko HI-
L#RECBOLNE L bic, 7—o FHEFRC T I
Tw3,

(3) M2 2Thsbrhliic, NMERMHOTENSLV, ZTE
WCRTONZ L DRV LLBIRTILNTRE L WIERD B,
FRIZEERR DIERT 207 UHREHE, Fdbe TREENS,
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On-load tap changer type MRF.
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2.5 pE- LMD X LR AR KE 8
Transformer main assembly packed for transport for
Topy Steel Co.
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kT 2 PRHOEER - KW oL G 311) RERE,
TEMBGONGTBL B oL THb, chFR3. 1nXskk, %2
v B #ER B X O & (B 28, yofteF RicER, %5
T JL-7 MEERR L 2%, & - EE ofud-7 2 XECERET 5.

O fLi-3 8 HL ) B, AEponscrE2H-L ¢
Y EFROFECIEL (PRSI 1y DIEFIEE H

a S

heh g

3.1 Ak o1 4
Shell form coil group (Arc furnace transformer for
Topy Steel Co.).

10MVA 20MVA 20MVA
ZH—-L 2H~1L 1 AH-L

BFiH =100%

H=100%

/i /
3.2 HEETE o Wl SRR

Short ‘circuit forces of shell form transformer.
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3.3 bE- TEEHDIOER 01 RiE

Coil arrangement of transformer for Topy Steel Co.
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3.4 HLEHE 3 gL
Shell form 3 phase core.
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® 3.5 4 #& % Form Fit i %

Construction of shell type Form-Fit transformer.

® 3.6

P E— TEEENND ZEHERR IR Y

Interior construction of transformer for Topy Steel Co.
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T3,
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HEH L 2O TR QLB 2 e A ARIC AR T b,
TV EELDBHKYRB R EOT SR MRS, i, 28D
ThDBIOOEREA— av0 WARD C L SHHT, XFf
b d,

ME— CEERND OZEEHIEE 3. 6, 3.7 D k5, FEMR £
AbRVHEC, WgLOIE - BERPIE LT, BENEER
FIHZEEER R Fl— suy KT 2 C L HTEF ke X biT, LT
BIERIE L Lk, sur EFHACRTOREHHEEHLTH 5,
T, MEDLE XU oL PFHECRIEIN S X5 KT auvric g
5H5%CTHL, M FRELTHS,

3.3 f#|ifRaAL - SEiRT

FRZEEREOIFM O o1 1, (SHEE - KEHCH 22D, HiX
&L, BEOPENERIAL b, CORD, HEETER
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bE— TGO 1T AR 7—0 FFIZEIESS - SRk - Mk

B 3.7 - TEEHOEIERREORGE TE

Stacked core of transformer for Topy Steel Co.
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3.8 8K a1

Copper plate coil.

> T, KER 70 FRHEESZ AL Lr b iEcBET s T
STE D,
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5%, REFICERE, FRCKBR O RTEEERE Y, ThED EE
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Lt F

PloXar, fECE UGS UHRRERL>2HB), o
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B 3.9 KEHHEIRGT

Copper terminal for heavy current.
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=2 BBC 30 b ¥ 8500 kW BRI

B B*e R IR R

Mitsubishi-BBC 30 ton 8,500 kW Mains Frequency
Crucible Induction Furnaces

Ken TAGUCH! - Toshio HIROKAWA

Itami Works

With excellent features for melting cast iron, mains frequency crucible induction furnaces are on the sharp increase of their operating
amount as melting equipment to replace the cupola. However, they have drawback of smaller capacity and less melting ability than the
cupolar due to constructional problem. Then advent of large high power induction furnaces having a large melting ability to be favora-
bly compared with the cupola has been long awaited. Answering to it, Mitsubishi worked out in 1970 high power induction furnaces
rated at 30 ton, 8,500 kW, outstanding capacity in the world, and delivered four units to a leading foundry. They are operating now

successfully. This article outlines the furnace and also makes mention of the advantages and problems of high power induction furnaces

and countermeasures for them.

L A »° %
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(9) Ak Y
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* R
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TS FH 2BCRRL, o Ediil F2, FHHEES X
CEIEFERID b 72 5 B R SIE L A T bh T B, Bl
Il oI - HEKERR - HE D U -
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30 ton furnaces in the melting plant.
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2.2 & h o 30 o
Pouring operation from 30 ton furnace.

2.3 & fl &

Central control room.

2.4 2vF oY E
Condenser room.

JREO T % 4 lD o-Few THFL T 385, 2R IRTRIFRIERDE
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Ehb, 2D O~ %Pk Ik FICH ) M B kR
Bl 20, FEREHBOBMmEGRCT 57 D JI-2 48
FRFATHIERE b B S T8 D ,%rO%%kiU%*W LB DL
FHEL T 5,

842

25 & #AME

Piping arrangement for cooling water.
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44 fsrhoFERIE

Furnace body in assembly work.

B 4.1 30 b o4 il i [

Side view of 30 ton furnace.
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i
e e o e e

4.2 30 by 4F W HE M45 391
Floor plan of 30 ton furnace. Coil assembly.
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IRBIC, APFABRICEE F-2 BIC CHIT & o 2 2 104
POEHRL BT S,

T R N A P VP VN VA VWS W P Y NP

ZZE-BBC 30 +v 8,500 kW {EEu sy - Hn - [
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Packaged Type Induction Furnaces

ltami Works  Toshio HIROKAWA « Minoru HAYASHI « K626 SHIRASU

Remarkable is the rapid progress of low frequency induction furnaces in recent years. Foundries of large scales as well as small
ones have ventured to install them unanimousely. With the increase of the scale of production, every plant is more and more pressed
for the site area. Under the circumstances induction furnaces are greatly appreciated of their small floor spaces and short period of
delivery and installation for the benefit of quick return in the investment.

Tnduction furnace installations handled as plant equipment have been changed to compact size and stocking products of short delivery
time by the development of packaged units type I. Based on the experience on them packaged furnaces type II are now introduced to

the market. Their outline, specification and features are described herein.

ENEETETHEX S 20 LD auAor {b, EHI L
BROFERPMAeTREREHLE LB,

B AR HEER, ShTETRILo—REIK % - TIERBIC DL REErL, FNE -~ ICHBT BIFOARE LT
FEL, BELEDRECHECLE, RED—HKTDLTAHTH : =
3. AWEPERICRFIND KEEREYTHELBHADTE,
FR/NEY) A—h— LT, EERFO S O ORER b~
¢, FOMANFEEIC - CETWS, EMERHICT L CRIER T
D% B EERHBIIK & WHBEFIC T, &k i vl
bl &S TENBICHAT 350, AR ATE AT % h/h )
AP e T B K EATEECH o 25D, HUNED A
—h— 2, BEIFOWH, R EHETEHE, THEHL
THETE L FENT, ZORENERTHO—MHicHETOY:
FEREL XV ES ICEMONCERET 5 CL 2 LB T 50D
THDo FAETH, AMBBE - HWEISR - LA EEE
D AR ¥ OMES b BYFAMORRMIC L o TED I DDH Y,

L. £ X #° %

12 Ror—o T8 EREPHE (L
Top view of packaged type furnace.

T T S

Bl 1 Aur-oTBiEEEFE KK 1.3 Ror- W RERFAE (GUEm)

General view of packaged type furnace. Front view of packaged type furnace.
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e

5,200
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Layout of 2set of packaged furnace.

Uy TR Y= 1, ORI AD AT A THERTES LS
D OHEICIRY T b, VEEEORENHE SN TN,

JuFo e b O, AR ooFut. Asut B ouFuY, B LU
ZOIEH suasa FEABM XN T3, JvFuy FE tan 3 THE
ENTV D DrbsdvTuY ZEFERC LT 27-2 DFE/DEH - T
3o L0 auFuH1Iwt RERKCHEHINARMBCLT 2vasz M
FLABLLRHT L EDIC, 1oFvY 1D ORETIREST D
e HOWA S0 2 SIHL T 5,

JvFut b e = Ao THEMZE R L T 5 028 ESLE
W 1mw b TH D, COPICIMERERESE R, $,
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Cut-away picture of packaged unit.
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General arrangement of a cooling water system
for packaged furnace.
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Sy

JuFuY O ERA aR-2 LR o TE Y, FEOF BB N T
MIERE O/ PR L I TR B,

Bore 7= 48, b < 1o 0-7 2FIPL, #trodu i
550 DL D EOHETbETCH 5,

O SICTRTH auior KHREFINT w570, HIHHROWHK
HEODEEN2ME DD L0 EEbh B, Fb D LHKRKEL
OB LTl RTLATRET, BB ARHICITARS TERT
30T, LEEAV. FREEEEFICERET 2HAKE,
e L CIREINEIE 52 m A L, MG OBEE Eok
QERRICII B T kBT E, PO ax-2 ) Wi CEET
LE0ThH B,

HHKEME, TiRoMb XoT, FLRICLEUETTY
T THEHMTE DB DI Lo -ﬂ,<nJ C B I i BRI 2
T ohdbOTHBET e, FEC > TRITKEMIILEY, L
DEBCHL T b B HAR AL 2D T 200 TH L. K

R AN U
EEHT2HO S FEE I THRI TS, B2 41, G

AT OB R Y% 7T o

3. #% ] it &

BAE, IR B HMmE L CREESIEEMICE » 25, s - i
LabHIHTE 2 L3I ERCw b,

(1) Egkmv]

B ISNG 3.5/800

'’ oK MEHL B DI

TEREE IR - 3,500 kg

ERTETS 800kW 14 50/60Hz

BT 1,450°C-+---1.49 t/h
1,500°C--+---1.43 t/h
1,550°C--++--1.37 t/h

TR ¢ 1,450°C 535 kWhit
1,500°C.+----557 kWh/t
1,550°C-----583 kWhjt

AL RIS b2 & ifeb aX

Hetlist HHIESEEEN

7 5 Fe B D
A

BN

S0/ FINERESUERN

12m?*h, 5kgfcm?, ARL 35°C LT

7w 3¢ 50/60Hz 1,000kVA
—EIE 6,900 F-6,600 R-6,300F V

3,450 F-3,300 R-3,150 F V
TUCERE 1,120 F-1,060R------235V 8 a7
A5 JH uro b PO
TR AT 207 DHIRER A &
{5 A H
ISNC 3.6/720
fiEEk0 % D1

a1

»\\.

3,600 kg
ER RS T20kW  1¢ 50/60 He
MR 1,100°C -----2.36 t/h
= 1 1,100°C-----305 kWhit
& PR Ao 2 B E 2B oER
paclai =N i EEEE) X

Ro'r—o T8 1B FBEEEEIR - IR - - B2R

¥ 5 7 FHER A

AR -

LR EEERVER

17 m3/h, 5kg/cm?,

—UCEE 6,900 F-6,600 R-6,300 F V
3,450 F-3,300 R-3,150 F V
235V 8 a7

BT 1,120F-1,060R

Aoy H Uz b PR

BRI 257 DS &

ISNA 1.3/400

(3) 7z B
B A
7

SEMAAE
TERTRS)
JEHEIASTER

fEgR 0 3 DIETE

1,300 kg
400kW 1 ¢ 50/60 He
T00°C--- - 0.65t/h

7z

0.73t/h (d1hzt 7uz)
730°C--- - 0.63t/h G 7uz)
0.71t/h (F1hz b 71uz)
3¢50 60Hz 6.6 3.3V

AR 35°C YT
3¢ 50/60 Hz 1,000V A

3,750kVA 60Hz ¢

CT

IND B

%@—D

EHez—-X
7.2kV  1005A
3.6kV  2005A

WAKIERLES
"6CH—10%”
“SH—205"

“CLS—M"

“PL=F"PT 6.6 3.3/110V

— =3

RN A
6.6 3.3k/1,060V
1,000kVA

3’@‘\/*'7 NI gRUT S b
40KV 475KkVA
"PL—F"_ !
x [Z]PTE <
Sy Fv 1,100/130Y N
Ly | 0
cT '
1,500/54
-
<

oy Ty

3,625k VA 50Hz
26C

—Jporo?

)

26F
28F

18NG3.5/800/50,60

3.5k B00kW

X 3.1 ilié’éqéf

éﬁf‘ﬁIZJ

Single line diagram of main circuit for packaged furnace.
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(3) H#mTH 2

INFEFOKEIMARELNME Lc 2 88X - T, # s KR E
WEh e, WM aBfsasBoh, hmiksim < CRER R
HERTHETH B

(4) RihrEmcd 2

— AR RBAE & T 2 B, IPIRDIERE - Iou k-6 -
FEOME - HlAR CORLTHHHT A Db bR B L, WK - B
CA %k &2 g S ikt - Rt eniiic s, £o
A, Aur-3 IBFERE OB RICE, Joubli-6 - BREAFECRY,
Pkl XUb  OIRR T TL v Fh, BHEI X o TEEME - 2
B¥voXwnhEic LT, THBO so7 ~EEEL 2 b AHETdH
D, BB E—AIBIP e R 2 b RV,

B OREE b & ICHsE Ik Rur-3 T 1250, BEOER
T OB LT 30 BHHEWRETH Y, duota-1 i
X2WER TR - ke ZORE, PO BPIATSCELEDILTH
BT EICEAML, for-3 BB S X ORRE SEIIC K
X g o

WADORHE & LT,

(a) Ror-—o FoFHOFEE L, {WHoFX Y 2LELTY
O e LT, B e LIEES 23 L L2k bTH
%o

(b) {PEBEOHERS D, F0L & Ok - I CTHES
THb,

D2 HAERSIREE SN, T, AVwb & LTE, 5 aR-2758

RT3 T (EFEFHEELF - R 5 - 2R

2,950

Sy
o ]

GL

General layout of ordinary type 3.5t coreless induction furnace.

INENZ EBE-LHTFONT D, ¥FCOILBCHWTY, Ex
ALK S T T o T B T’, HiE 2
Rz DS RS, ZOOfMEES I EhhnT 2 E2EDL
Tnd, 2R, &0 3 Aar S FHENSRSCLELE L TY3HL
v oafd DL WS T LR TE B,

Ll, ZOKH, MBFETI AL L CHEE-»bERELED
DICRD 2 B 5o :

(1) 177402 ORBECAEACHER S RERD 5

(2) 5 H I 2R-2 R HIEEH DI

PR3 BHBFICEATE, ChEROISICEEL &

(Lme L <, 2450 AR RO ak-2 ZJRY, 17724018
D 2HH b 3 LT e e diL, BEZTHTC 7702 B
SEY OBAE ™o Feo (2)HR, 2a06D0F0Y I, XU Th
I & S FeadiR A X BMEEB ORI/, b TN IR
OPHECHAEMA TR 23-2 2 B,

BERICENT, RFEREDL S KHEDN T 302 BE T CIORE
RBE, BEEHEE LTE, A 431 - B MeREcLied
D%, 1 PFH 12~ 14 FfEEESEC, 128 250 bo TR OHE
BTAbNTVE L5 TH5, LA LDBHRICE T, KEZE
I LT B A%, 24 RS - JERZ2IFC 500 b DL EOHEZE
THBEED DY, RoT=9 b0 wt & & BT, FOEFH kL
REF XN TWE, 1EOHEIEARG, 200~300kg BEHREL,
BAEIC X o Tt 350~400kg 3 fiabhTe D, HZE LTwEEH
RO UYIOEAD TR EHECE AT E RS BB L bo
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soob  3-5¢ SIFER 1 3.5¢ N -
)::_-' 80:‘\- _.r—
- 700l 3.04 : 3.0k oy
-t S 1,000k = ———-
1,000F oo} _‘;‘;._a__ o z Z700r = R
s00- Z 500 & i S o DA I | T
= e 2:0r i F—= # gook#s500- 2.0k h} |
2 800pT400F < i i
S R T oor | L
» 13:0015% 14 00 ;;*r 1 15:00
- L - AZ ] >
600 200 1.0 521 9T DOOC) 2 ’8‘57\)7 ,OAPQ?(,
500F 100} - - 2
§:00 9:00 10:00 11:00 12:00 {4’//‘_\)
X 5. 1 At Example data of power input and charge in melting process.
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E*HAT2 Avr-2 BFR, RIFNOMSE - RELA L LE BE - A - T - HK - BT - D) 2ETws o, BRI
}J@%E)ﬁﬁ LCJE’”/‘ l/-‘o %Lf"i%‘“ﬁbfﬁo

FRICDWT, 3 TICEEERAD 30 by & 5 BRTBFE O [ % 5. | HLBEMEOMAEF-2 2RL, ©5. 11, »oEFK
EEHRT EBY, WINNCARALDL OFEE S &, Tk, FER B D BIFER L BSBRRORAERT,

I DWTYh, BEEE -1 OFLER BRI ELL, WEOH

6. & >
B 7 B A RS X Tl B v ¥

Jsub b0 L L TRMTHEASKRE TN LABNFE, Al

SRR -4 AAHET, SR - 2ufot AFICERE L CERDOER T #D % A
RIGFED Rwr—2 U ST 5 8% 55 L LTlL, & W=D IR DWW, B - - BREAR Y 2B~ k. -7 12—
' . o BIFE LT, ZOREHY - SEMERE IS L Avr- T
#* 5.1 HEHE 52 o N e A 5
Test melting data. o - BBE 3 Lic, BEOERIWMY ANTHREINLTE
RER [ CREE [ ZREA | RAABEN | MRAEN (27 PR, ThwvoZs, BECHEINI D LIEEL TS, -
1 20 0 0.7 INHRBBIFEO & B ORI, T Avr-3 {Licd 3 Ll T,
2 480 400 180 —20 0.7 35y FDHZ AL T, BIE2 by FICDWTH, Aur-TL23ED L
3 730 620 440 —40 0.7 nTwni,
4 870 725 630 +0 | o8 BHBIC, Aur—u WERRIC TR e 2 2 BIGEE O e b,
5 940 800 740 +40 0.8 Fea WD 72 DI T I T2 B e BBE DD 27, B HRE
6 1,020 850 840 +45 0.8 £\,
7 1,080 900 960 +50 0.8
8 1,150 950 1,020 +60 0.8

A A A P o PN PN 8 N e e P T TN P NP P L PPN I T S N S PN A P TSt SN
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Mitsubishi-BBC Channel Type Induction Furnaces for Cast Iron

ltami Works

Kinji HIROTA - Hiroshi ABIKO - Yasuhiko IWASA

For the sake of improving the productivity through the rationalization of foundries, induction furnaces play a vital role. It has

been recognized that channel type induction furnaces have a remarkably excellent capability as the holding furnace of cast iron as well

as the crucible type induction furnace. In consequence demands for them are expected to make a sharp increase in future.

This article introduces, in reference to the channel tvpe induction furnace, the standard type of the company together with its features

and our point of view on the refractory. Also brief description is made herein of the principle and the design on an inductor, the heart

of this furnace.

L £ A 2 &

HETEORGWET, BEEEOL KM -T, bAEIKCL 5
TEBE & h, CCPEER, REMCEFEILDOHMICELDDDHD
2, #RESWTICEY B 2R, b THEFREOWE T S ET
Tw» B EFEZER .

2L, TTREROSBHEABIFEMAL TR LR, £TOK
280k, VAR A 0 {8 sZEYR (Crucible type induction fur-
nace) ¢HbH, BEWEEZHET S $a85 (Cupola) i3 vk
BEEZDOEMHEE LA IR Tw3:, L L, BHEE
Rl & L CESHER A RIS B DI, #i 510 OTRT B 512
v KADET, HEEANT D AB IR & A & SO [Eic

BIBRETHD L OEZLThD, X (EAEIF (Channel type
induction furnace) 0)’%—*%7)5 REIML T & 7o

HEBASHBFICOWT i, SHOEA, mHREAE-CE
o, T k#osE, W LRAET SRR BT ATt s b
B wihnEzAdh, SHOTRCL > THRRL T LER B
Bo AT, %D IRV IR #EHS 2T BRI ICOWT, %
DEIEZRBNT 5 & & dIC, COBRDOFOLIFIE b5 & 1
vioa DFEHE LUBE OB LTl B,

2. SRR AETAF

2.1 ARSLUHSE

#HETHOFIE 2 HMET 5 X, BAEHEOHR AP b EEH O
HECcoO—20FN DR, AEFRM e &R & Iﬁléﬂé &, A
OB ERED T DICH B—AREEE DRSS i
MO RES & T IC T X 2 2 0EER D B,

H AR, WM S > TRBBEKRD A502 B2 FnT,

B4y - BEERER AR CES YRR B REEF & L <ot
%ﬁ?‘%’ao TR LY, BFETETR st 0BEREERACZO
BARICHREL, ¥72BH s REMROMIE v1oL &4

E@HCP&‘%&#@)@T BT B,

CORZRFOREIC L > TEHELNBFER, ROXSADDOT
H5,

(1) EEYRCIY, #EHES1o OERH -0 O & ETHRFMF
1o WIEBHRAR K BE R IR T 5 L L #TE S,

* BFHUYERT

(2) mEiRESE, BT 510 OTERT BiEE 9oL (CEEIRCHE
i« H¥5 2792~ ZHEFCTE %,

(3) HBEHRC XY, HHEOKY - FEofEr 2 LT
%, Thbb, B> L OBEEDORS - RIED Aovd EIRRTIC
HEicFRibEh B,

(4) RHEBENIHH 30T, BEOHBRECTETE 5,

LERORELF] EOEAIC, HHAREERX vo+ Btk FRFHCH
WHN, Fi 2285 OWBLHEALOKY ERIATE, HEOK
AR L BBREEY DM LA EOFERD B,

2.2 IRV ¥ &¥W FoilEs LUHR

B ETHFOREER, — TS IR 2Pk e B TH D 1
w424 (Inductor) & QDD REER 5 bR I N TH 5,

T, #EpH e LT 300kW, 500kW, 800kW o 3HHD 14
e T L, b RFRICY T TE 2. LIKRT X5 A
FnBE R b oW LT, IRV I uy-F % MHEL T 5,

C OFR EBHOERE LURIEMN E LTYEE RS $ DT, FiC
BOEALEMAR, +af5 & & OIEHED b DS D IRFEFICHE L,
FEFA R T AICHBE S B EEHEE D o T B,

gk, B2 LIoRT XS, Fa-fuwt Jrzeﬁ”ﬁﬁ@%ﬁ%a

L, SR EmE ST 20 LT E Fv, 0 LK,
O BFLARERFE SRS Y, FEFOBSCRRYETFLES

# 2.1 IRV g #8520 EEEF Btk

List of standard channel induction furnaces type IRV
for cast iron.

. Foa oot : 1,500°C 3550 | ge oy 3
IRV Ve o i | st 1/he100°C :
5 5.6 3.5 300 — 7.6 39.5
300 —— 7.0 42.8
13 9.6 13
—_ 500 14.4 34.7
300 - 5.8 517
7 15.1 10
— 500 13.2 37.9
500 C— 11.4 43.8
8 23 16
- 800 22,2 36.0
500 — 11.0 45,5
8a 28 20
— 800 21.8 36.7
500 - 9.7 51.2
9 35 25
- 800 20.6 38.8
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ARBCHTTE BHESIC L Tw 3, EEIXMESFRCX->T, &
A% O fFabi, WERY 26-2 CTHETE, FREMAML
LICEE L A &SI REEER R A T B,
FADEGOEAR, FATHCET2ZE 0 bITALRE X
WIC 255 DRASEL,  FAHBOEL PN TR LIS D%
THEENBDOT, 255 ORAZRBSC e i8TE D, b, %5
& & OIS QA E—EBE LB 20T, HBROBHR R
THBOWEICENTHY, TTH e BRARCITEX 2.
Ak, ZHNOE USSR R - TEY, WA
B CERC, WD FRETH D EOED, FHRlECHRE WD
2T b,

fudoa &, #l - JE o L - -2 - AR ED DI TN T
WA (E3. 120), EHEHchIHGRE HERBOBREIIFAN
EEXDEL, coREEI#HkoE e 100~150°C Rk Td 5
DT, FELY (uiox OHIMOFHREL £d. OB, 17
DL BHBRIEL A CcERBTEMO S X 1udor %, b
b DR LU TR XN T (oo & 23ATE D X 5 ICHHEhE

h S gl lalmlL] s IVdl 2| bt b | b2

IRV-5 2,460} 2,360] 2,8001 3,700} 3,6001 1,300} 1,200 350; 1,800; 2,100] 1,050, 950

IRV-6 2,680} 2,560] 3,000} 3,250} 3,900 1,500; 1,400} 400, 1,900} 2,200 1,180 1,055,

IRV;7 3,100] 2,924| 3,600} 4,850; 4,280 1,700, 1,700] 450; 2,405 2,800, 1,330, 1,200

IRV-8 3,600/ 3,640, 3,736] 5,550, 4,900; 2,000; 2,000, 450, 2,420, 2,720, 1,575 1,455

IRV-8a 4,100] 4,200} 3,800} 5,600, 4,900; 2,500, 2,000, 450, 2,400; 2,650; 1,850! 1,700

IRV-9 4,200, 4,380, 4,600; 6,500; 4,900; 2,400, 2,000; 500, 3,450; 3,750 1,865{ 1,715

E 2.1 IRV B ZERF OIS LU~k
Range of sizes and dimensions of channel induction
furnaces type IRV.
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HEELTw3,

1oz ik, A—OREHHKESACEEENTEY, TOF
E&TFRCRT,

(1) aqfu @@ HFRTHHAL T D,

(2) -2 @ASHRC L T/PMBIELTWw 3,

(3) ot & Fv CEUBSIE P L TR B,

(4) #2017 Bt kHC X 3 LA T ROEM, chick
S THITARZICAD, B E LI LTI — RS xR
T 5. ,

(5) Auvdoz TMBABICF T2 2WETH B,

Ak, (udoz OFRGE EORMEE, 3FEORT, Fk, —flEL
T 2. 2 T, »frho IRV-7 Iz 500 kW 15/10 t 7% 77

2.3 ER#% ,

C O, FAREEERYZ 0% 2HHTE, 3 OBBLEEF
CHATHERE D, NEREHMEF) avsoy bPRTT L,
TEHSIT 2 TRENTS 5,

EEEEOHESGhEE, E2. 3IRTLsK, SEY - BE
YIERS - =HIEFFEEE - 365 aosoy - BIElr LK ER S,

1uR02 B Y7002 BKRE S THERBA 2 », HF) o5 &
o L-C sF$RE R & v < BiFRI» b R 78 % 100 %KL &
THHEL T B, CORBTHEHEERCHL DT, ZHEEL A

B 22 IRV-7TIE # 8 )] & X B (& A ¥ B

Type IRV-7 channel type induction furnace for cast iron.

3450/60Hz

,
A~ U

Ay sz B

23 & £ BIF B KEHRN

Skeleton diagram of channel induction furnace
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SUR EEBLDIC, Yrotl & 2vFuY XD kD SRR TR
T, BFLTREO TRKICH &b, BFEETERICE, 1udoa
BHNALFEIICTIIECE, HlEMEDIT % B EN 207 U
R, FLT—BMRET ta-A & 2uaor 2B GHE A THMB
FRCEZHERCOARN S, &P, WH 150y RETEE & #EHF
@%%fﬁik Ihab, FHERN rodoa FEMLIRIT, 2 F R K
EFEREIC IS UC R 2 53 5,

WiElicid, REBOME 2107 o I, BIEE - B -
WIIE - MR IIEE - SIEEE - WHRE R Y 0ilE, b 1udy
2 HHRDFR: - ki, BRLERORE, BRIBOBER, K8
FLERTL E2tERT 2 %%ﬂéﬁzﬁﬂuﬁﬁ ENTWDS, ZDEH,
FHERRER & LT, KT - i fiod - G AR &0 2107 HEND
AR BARRS 5,

ECHEERR DA ORI & LT, I (B 2a
vl BIU Ao-12wh) - BHAB R ERD 5.

2. 4 TRkt

HERFEHORERE, FEHICHFIC bbb, SHHALE
TSFHPIEGH A LRI & KIS L TEDRERBRL T 2D, =0
AR E D 2 e D TH B, LxLARD, FERAMO
UEBLUHLWELEOMER, & oI ssfvwgEh 1o408 OB
K-, ZOMEREHCHALTE %

HHMAZRIFOEE, HERER 1,500°C fiteTh b, Fes
THD 1vsdo2 HEZHEB X U OFLOWEE DR 1,600°C P |
oD, RECHEENT sMAME, COBRICL S M
LHETH D, Ei, PHRFEEE, B0 L L THMTH B
7, KM OREE XU T st 2 pB8ae Y, i

Wit Ao DRFHEIC B o Z SRR BB TH . BpICEERC
1, TOFERIFHICLROM MR &I, e - @k KL
WHTE2ETICRA LY O AREET 22D, BRI BLL

FEFF AT S T A e L e B G AR X h B,

RERA MR RS L CHMWEL 72 IRV Jp#58: A ZIREOTH Kb D
REL, k- 1002 - FREOZDICHY TTFRICFKET

2.4.1 F &

PR, FRCEEEROBEICHEL, LabSROnEE% #
L, TLWEROEMIC X IRELELL v 5 & H o THEES )T
FMEER XN D WO AM & LTH, 72T (ALO;) &4 95
REEOT 7Lt EHv2230 Ell 2807 MEHAVWTWE, 20
R D IcK, Fomibdks LU F—0BRhEEE L i EmREOm
KUoA - TRETE Lol - 722 WEBAL, voff oBH#UCE Y
MRS SO LA B, L CHEHEEAMTICE, Lol OEinT
CE3MEETEXURL L0 22 28T 520K, Fe22J3) T
#fThoTn b,

2,4.2 4252 H

Tudos WA, TOBELDE X UCHE LolE» b, FEEic
EIRARBCN A, LA ERREECHWT KB ComEs LT
TTHARERENZ, Tbic, BEMEALD COMAMFELT, 2
Jruy (MgO) &35 98 % DE vJ3u7 H ++aady 2HHL Tw
%o

T O 2J3ur B Fr22dL B8 mus T ERAH X ) b g ik
B, $2800 TH B BICHTRASCH S0 Fic, ERICHI
LaBE, 7zt Bt AHOBED X 5 i@ N T A28 5
DTEEL, BLAGBMAAFEL LS ERIKCDY, BiFho

=ZE-BBC $#58H & X @A - JKH - K57 - Bk

BBt 2 bDdThARv,

2. 4.3 f\ERE

PRIt KM, HEEGTIh T, B8P 0HA I SE#FL
B LCEBA RIS T8, BHEEARSL LT B Y -
Twdo LLARD, BEH LD LA CEREE &> Tikbt %
BRYEY, F— OIS EE U TR SHEL 25k, Fikm
K LIRCHAMC KD 0500 BHEAELED, FIL WESUCHR 23
B ORI X o T AMBREEN D2 A EOBBME B Z, co
HETOFBELT, &ruzr B (ALO; 709 #s2a71 AL
THH, BTN +oaBss A i hTn b,

3. A ¥y 0BRGN

3.1 A5y 0BRFIE
1vA22 DHZ I XUINEL o)L OEMEMEER, JeAiviciz=
KoL BEFLOEFERLBELTH S, ThbE, M3, LiKRT
Lo, JRMARMESOKEZ RO LT# S 253 0, i
KM TR ENZZRERIZT e ERORBICERE SN, CcORTH
DEGEGH K 210 T L Tn 5,
T, M oL KEEZNL 5 &, TXENEZ KT 255K
EATER I, ChiKX-THEFDOEEZ DS ORFEEL, I
oo B & SIRBEERC X 3 BREFNC XL T, AERD
B ZAEABEC S, £, FEIC X 3REOEIEELL
EoF VES cONBABRTIET S C L ICAD  FPIER C
DA < L AVEH & BRI & > THERZ DT L < LHT 5,
Ak, Fh FJiC zﬂ 5l U % I AR5 2 I 25 < o
RBEFAETH T2 DFUFPICTFTICHRN T W B TEHR D 72 ¥,
RENEE ne NP 5 LT RN T B, & THT, TOREEE
HHADO X 5 KERZIML 2 0TR, oMM KELior
TR H BRIEY LIl kic R B, WIS E L b,
FFEFHERBILRYL, DWICREESER CHEEERIC ctic

L

Iz A \
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v
]

|

74 \
I

% bo TR

[

™

e
o
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Ji-ff}f/
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R: AvHdspHFE U pEONRE
G:AvEr2y—= U BFO 7w~ sl
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Sectional view of inductor.
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Equivalent circuit diagram of channel inductor.

nbo BWHMABTIEL BAUNTZHEIL LS TN
b, ERBHNOAENTLEDOT L 2V ET, COXSRHA
% tuF %)% (pinch effect) & \wwin, HEWIFCRE D EuF WhAE
BrXhvisic, 2 THNEERER L THYL2EREE L TICH
Zhid b nv,

3.2 422y 0% MER

HEBERBFCE T B 1vdoa OBETHEMERE, M3. 20

LoKELTCERTE D, KPOIME o111 DEHL Rsp - R 7
—Ju DIEHL Re « gpLOBEIRLE Pre I LU 1udoay-a DRER
182 Pyr 13, 1odo2 #FRCHE IN DB NCHATIERIC/H
WOTCIERT 5 &, 1002 DHLRICHREINDIEN Pxko
S5iIKFEbEN B,

P=1Ix?+- R

e B
BRI X

NFY“R

cCt, RiX=1 o2 EBhREKIcad, chi b tdh
X, PIPy=f(RIX) L\ 5BFEHE D0 (F3. 381). 1040
2 DS LR BEBEAC X, O PP 5100 95 cREL
AHABRIRLAbNS X5, EH REB IV yroaua X 2 3ET
5L THE,

coe, BERE HEOWMEHE e :TbL, R=f(1) &
WHBHERD Y, T yroava X |, 1L & HTEDOTFEREMLE
WEEHER L 2T 5L, X=f() LS BIRMEKY LD BHEI I
FOMEHEAEL, HTL 31 EOFHBMEREREITIT &
BORHE LR, EIFECETRSIEHRICLTY, fudss

e e e PNl i e N e N A
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Inductor power characteristics for channel factor R/X.

2.2

DFFf, PEEMERE-ToCHE S L iCEERFNT, &k
SR PET RETH Y, BEFHEOE T IR H OIS 2
V3ot REELTHIRT 3020 E L,

L L 7§ v

Pllich_7c ¢ &1k, #SEER TIALAEF OBENIC T ¥n s,
HEETHBICSE, KRCEHINTWLTHS S5 L Ebh b LD
HOMEIFIC DT, BEED T, RMFECELTD vrrot
£, I3k & LTODELH, WAMOMER &% Lk, %k,
AT, AMEL 2, BHie U TRIRICEREE L e Ba oI %
9, FRC B O BHIKMI A X B a1 PHE & RS O B
BB E 504 E S REERD b, Chics LTRERED
DINE £ BREEORERHELL T 5, B, HHEIRICC
DFFEREIC X - T, 101 ﬁrﬂt}J’JJ_ PR 28 A L CE il il Kbt o
HEFE R EEZ RS Y, RERCHT 2 EERYEIEBENLS
lcBbhTh, ~mfﬁ%%¢#@cni W HEES A ES
ICiE, R AL ZWEER»»B C 0D HAEIC LTS,
IFOKIEIRES 1y AiEQ R Y, SERADE % 72T badu ek
G E_&CHEOT, FEICELTE, ChbDl & 2REHE
HTILERS L. FARFCYB LS, HHMALMESR
WIFE, MEOEMEAL T3, HEREBIC X » TIRET [
BEHIC 1T, BETNEANEL, A% YBERESMOCHNEHRT,
HOSETHEOEIC L IbLWEkE L THERAVELET S5 L5
C, e I2ERTALIETH 5,

A ot o e i LN
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Mitsubishi Induction Heaters for Forging and Rolling

Itami Works

Masaji FUJIMURO - Hiroaki KITAMURA - Shigeru MATSUO

From the viewpoint of operation cost, labor saving and environmental sanitation of plants, induction heating is used in a wide scale

as a means of heat generation in industrial plants.

Its application covers a wide range of forging, rolling and exclusion.

Manufacture

of induction heaters by Mitsubishi dates back to the year of 1962, when the concept of electric heating was not spread widely. Since

then, the application of this new heating source has made great strides with the progress of Japanese metal working industries. To cope

with the trend, Mitsubishi has been manufacturing a good number of standard induction heaters.

heaters applicable to a new field and those of large capacities with high performance and high efficiencies.

Now the Company has developed
This paper describes the

outline, performance and advantages of them and heating coils of characteristic features.

Lo A » &

BaE PN L FEE 7 E Db B IR & T IEN D DO M

VSR 37 4ED T L ChH otr, XL E A EHEHIIIMSER L L
THENHAETFAT S C & RIS T L LL, BRI ETH
o7, ZOHHBETERIZICD, 20X ER) T oGHsET
HERTHEIME E I D BIC T F > TR L THRI
AL 7 7 D ICOIRFIIC SR Lie . Ml B R 1kHz, 3kHz,
10kHz o5 F# 5 B v 72 300~800kW 2 DL EuFo—
5 K Euwbb—2 BB - 5L L < &80T 2 TEICHE L, 0 1
Cx OBB T A CHEMEA 2 B SH Sk H T, T4, B
FIOETZALMELCEL 7oz BROBEGICE £ T, 300~800
kW @ o3 ZHEECIREA S 2 7oz 3 L ERE Ly it-2
TR - UEEL, EEOHE» LRAIC LCREF AL DT
FrvikKnik,

SETR, BERE CORENESTIRIEAATHEHE, AF
PR AEHIEOBED b, FEMSRLERIBERNCTH Y, T
< MEas— RIMEEER & LTl IR CTH 3, HElcriiEiosh -
AR DFEHETEBRIE CLw bE--2 » L ELwbb—g 213250,
BAMORBERALORDICE L T X 0 BkAE - FERIEA KAR CLwt
E-2 ZPAFEL, 53 IR XN e CRENE -2 %
Wah{b L7z REEESE JLA I CLwit—2 & KERIHL Su2 8
Ebwht—2 BAIEOMTH D, COEE SL2 H ELwbb-2 iR
ZERIODDTHY, 60Hz & 420Hz O H P EMIC L > T BT
40~150kg DEA * #5EiREE © 10t/h QEEhCligE - BTicy
BT E, JLR B LB A THRRINEARTE 3 L 5 K
FFEh T b 3 T B L ABHEN & TSR ED TR B,
REEMHL Jua H vy bt-2 DEEMNT, ER40mme, X
LI0Omm D puztiwt % £10°C IKH—YEACTE B L5 KA > T
5o ¥z, BFHAICHIHEATE B L5 KA R OB iR
BREREE L7 o B RALCw 5, BEOFTH, WEeH
BOWEE 77ty T3 OhBic U SIS o1 & A
BEEBASRE L, KD RoF RUF & Tk E A RERRER T4 -
Tco Elz, H-zvdovy EOHFEDERELE Tob HEHD A-

* PR

b2 Z WML, AEYEREN T\ 7 3RO RS RES O —P1H) i1
L oiee 4, FPADTHIE S, oM AMDSE, kY
% t—2 DR BH TN D,

FEMFESNC D 3T AT R EI OB 51U RO —D & LT,
BT EEHE E IA LR BT R T E A2, PThigl
WA L7 EG T T Avds1oETL) @ 800kW sgtt-2 1K k% yoo
— SR HFUR AT, bAEROSHTH Y, G EshT
BB PIREITE - COHUMBOBREEEV OOB Y, 257

KIEKAHE D INBETC BT A2 ERAR T 75 & DEHHIREERAY
AEED £V, AL XD D 30 by BENGEFER X Lo -pisy
WO 1 (O XHTIE,  + OHT & S L CAIB ISR O iF
FERHFEIC D T %,

MG HBICHFT 2 D& LT, S19za10i-2 BB D525, %
RE3kHz 1 100kW 0% oDz # i Ty, A R E
T, WL, FRPEMOERIEHE LA R HE L THET B C
LB SN, 1ui-2 BEF LK E-2 £ DHAEDRICDONTH,
DEOHEARICHL LBk,

T Tl EREBRTE ML U e g - ML - PR B gl i
DWT, FOMEE - FHE - MR KRR D,

2. ELwbe—%

2.1 8 =

Euwbt—-2 @B OIS E LR Th Y, ik
HHL AR EOBERD L EL OFEE A FE W TW S, D
WX BT DICTERD £ { OFFE: & ERUCTHD v THRIH L2 SER L,
v & K CHAKD S 3 %5 L SEE 2 R0 L < KR O SIME -
AERFIECEEN L T 2, 2 OHBIIBER CLw tt—a T 800kW,
U ELw bt —2 T 600 kW F-oni—AYCcd 2 25, fETlik
HAEDEvwit-2 dFEHIN D LS50k TEhk, & LI, &MY
Lwhb—a THIEEETIC 800KW 2z 2 4 @236, 7HbiERT
THIWEE RT3, DR, [HREVEL L ERSBHD CL
wht-a BhBEZ D BD L, HFETHIHE BAarnAkARET, BE
B 4,400kW (60Hz 2,000kW, 420Hz 2,400kW), B-ALEHE 10t/h,
ELw b4 70~1770x580~1,500L ¢H 5, i, WEEMIALKL 7

[al

857






g

£

o

T3, Zhd 370wz O a1 BCZHRE EvFo~5 BT b T
wh, TD0-5HE ELwb ICEYHNIFNF T L, d3-ELwt
(BB CLwt ZED HiF B0 EWEE) oBEI*HHT 2 sk
Y ELwh DBEFEHIET 28055 5.

IR oL FHAMBSET ELob iE, 2L AR HZEML o
F0-5 KhZAFATTELCRY IHEND, THIXELwt DBE
ERIET 5 L b, BEFHADRELLEARLSTE20TH D,
EH L CoFo-5 ik oot EEHL 0-5 TREE S, B 2
buA 047 B & ERFICEINL 0-5 Ol BlD 0-5 (9Y-0-3) KT
HIC d9u210d LT Euwk EFHCHETENE, TD ELut 2
V F-LUA- D35 o h T T 2 RFIOHHEIIC S D 0-5 i D4 5,
CO¥H 0-5 BRI 5 & ARFIC,  Juias FOHIC R L CE AR
BT® 3 LFa-20-Lva1-2 LI ELwb & va-tMv T8 35,

Bk, 1RO Tik~ess, hoRFbEETHY, 25k
FID b—2 b ELw b EZEICHE~ 22 THRY a5,

g o1 O TSR A ->TH Y, BEK ovFuY - EAK
LIERR - (SR 2R D E T 5, A LIRSS
KHFEHEINTAT, K2 25r-L & EBFRICAD Z EdAaV, ¥k,
FAPIC (RS X D HIEREAT 2 AT TW 5 DT, ERiT
waEh, LAbRMBELTHEDIHBEY CADHEAS
zEinwn,

WEEREE D h 1, ik 51y THAINZOIHELE 2071 T
AuFTua B LT L, MAKO D B TE T b, BBIEEE
B L 2BE wuvd TH D, HBMATED Ko7 1< X 2 ERRRT, AT
FELAV,

2.2.2 HEBOKE

(1) |2 1 KFRTES5C, Euwbird BIEFHICAEL, X
FHB L7 DICEBAEBEEREXRALC 5, T4db b,
Fa-Uhfob T 60Hz, FNL % 420Hz L LT3, £57T,
HELE D BD A, HERIBAT D LRTED,

(2) 60z DB 31 B ZHEHERIC LTH 5720, ZH
MBS C L HETE, 205 4, FHBICILR92HLT
W3R, Elob KoL MICHIEG &R 3 T Likav, Lk
2T, HEAPE LT oML 2 25w FL-1 CERETRIT &2\,
(s HA R

(3) (L)ETHm~z k5, 60Hz & 420Hz 24EHL T ELw
bR LIC K K, sy S CHEMENI AR h-T BRI X
SIC L KL Tw B, 205 4, H—%EH L TEEL tuF
0-5 DEAMCHEFOMTE L T B DT, ELyb PIAF I TH
Lriidhn,

(4) E-22F%F»0 Lyt @XLICHIATRER LRV, A
EFo-5 DBEx 2 %5 & bicFl—HEC L, Cuwtt 18075
FTHLTHBLTD, Lot X o5 ChRiAEhk & LTS
0-35 HBDOMER ELwt OB, ZOMOANFLC L » THAS
VI Lot OFED BIERRAE S, XoT, 2RIILHCH— 20t
THZLTWY Yy e BEc AR D, TR ¥kd, %
T, BEEIC 22 AS g2 & A L T 2 FFo2 A (i) 4585
iz k5L Tn3, ZOHPE, HiEdron (ao1) & 212
Thovt LT2RFD ELwt 28 2OHEHIC KL CERZTINT
WEIsEBHL, TOBREKIECT AS £-2 % HEIRNICH] - (X
*3,

(5) JLa RAEOHFET ELwt & Juz HlIKED 72 { RVHBE,

SHEBCEER BSEEE  ihs BN BE

7l ADBORET ELer BEFCHFHEI TRV & FiCiT,
L R IEETAMAR T BT ENTED, ¥, Fuz OfdEAR L -
B BVIEEICE, Euwbh 2 oL ATHIERREICHRRL T
B2k TED, COFHERE, PHIESW % RiEINBc i 4
573 THLUD tut LIBIE L RECIZFERE? ON, OFF
ENTHRE SN 5, JL2 OlifEn EAERIE, /K BICHEIER EL
wh BT C L RABET, UEHARN,

(6) Euwh ERHO 1AL LEHD 1 BE THIFL THRD B3
CERTED, BEZKRLL EFCRBE Lyt B IhAVD
T, 2L IV > TR 3 |HD Cuwb X EvFo~5 TES T LA
TERV, LeRoT, TOXI AL EQTBEMBMERSHL K
2u BRET A, dz-ELot (BAETE0E) RETICHA SH
TRED Cuwt 2 LHL TSNS, TD d3-ELwt & EvFo-3
Pl 722532 AL, 22N ESAMBINLC S TERL
v &S aBREMEE AT S, d2-ELwt DEmI 21 2l
BED e, oo OIEERZ BB OFF h 3, B%O €
Lob FTHBAEINTWLHEINS &, 42— BEIL EvFo-5 DF
BICRBIMK 12-0 LD I LB I E 5,

(7) 27— OFEEALL T,

(8) 211 DTMBELTH L, ELwt DHEAAL N2 DI 21
LD Y, Thor @R TIIRTE D & 5 IChHC DI L 23
fHBICTEZE5KLTCwE, Thbb, & Jowr ® 2L IEER
D 'R wF EICHRETH Y, ThEERD 518 K% - T
B LT COLHLEXURMNIESET T2,

2.3 XEBRHELATLE KLy bE—%

D Euwit—-2 OEIRHEE K 2. 41, MgftiEr R 2. 21,
A NEEE R 2. 5 i ENEFRFRT .

2.3.1 &% B

T 72 Euw bb—-2 OERARIE 850kW (K930 kW) » B
AR E LCRERRATHY, Fk buot &5 10~16", BX

34 60Hz 3.3kV 1,050kVA

/
+—HH- : RCT ‘

F—fi-sc |

60Hz 3.3kV
| ! 200kVA
— Ly b

bl Wl b

(AN ASAAN
H
= al X
pak =g
S50kW '

EL-EP,” ¥lLw b =%
X 2.4 7rzzostietbt-s BERHR
Single line diagram of aluminum billet heater.
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Specification of induction heater.
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By FEDEL

R EY T 34 0Hz 3.3kV 850 kW

* AR K 3¢ 60Hz 3.3kV 930 kW

} o B 3¢ 60Hz 3.3kV 1,050kVA

f oA ok Tih 27 (2~3 kg/em?, 32°C itz T)
# MM O iié?»i:a):vﬂ»:‘é?@: (638)

it o oMo °C FH 450, Rk 560

;oK H" < ik mm 107, 127¢, 1477$, 16"¢ X 400~1,100 L

i 4,600

o aB & keh (7 A 1477¢ < 1,100 L, 350°C 2 ¥4I 24H%)
[ - SN e 4 jix

A
HWLH

3
FEr -7 0 3.3V
(312 RAamB)

2.5 7Litiwbb-z HIEE

Qutline of aluminum billet heater.

#1100 mm & QERDO DD L MBI L TEBRICAEL, ChHEN
FRTH Do GERME 6~8'9 BLFTH o 75, HH - LT - 027F

B EDOTEEMINC X > CRER Y12 D ELwb BEE ENB K5
ChoTEk, AE, L ELyk DEMC, TEF ELw b OIS F
KA THD L ICEBE IR TR D,

2.3.2 EBOHR

BEROMBE, FHRCOWTEIERD t-2 LR LALEDY IR
W, Tabb LEREET 2R TH D, oL A DN G
T ELwb RZEK 504 BB Swye T a1 ADRIESICEA
&, 2FED Erob THRYD Crot BEAMNEICET SN,
COWRETINBERE EAT 5. BYIO VAR Oz ES T
HBEDICNMBTR+DTHHTERVRE, DFD vt 2 bl
IKhngh & < lRoOH ) HENh5,

O Euwbb—2 ORER,

(1) ZHE—m#hchd, —HC, Evwbyrd 2%
BB E, BEHM - BFEHAE DICEHLIC L WE, BHHICDNT

T2 (2BRME) 2k Tnd0T, t-2% 2H0%HE
%f, Fle BFHRICOW TR SRR HEPOHDO O EHE &
% 2 JEEIC L CE OO OWKREE L L, Bk TEE
LT3, AP, SHa M O dIC 5—At-+ bFREICTE 5,
(2) Crwb BERPEFCKEVED, Crwb & L1 BDOEEER
i, MRy TREBRTEEVWE EICAE RS, ChXER
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IC k2O KL, HTFOUDLI (Euwt & v—u B B
oW EHHIENE, TORY, DUuitIZ B L UEEROMIEIC

+5r 7 fﬁbﬂibbhflﬂéo

3. TvFe—-%

3.1 # =

HkE - BPEO 7Iew b BOSEISNCE,  UIE oqL I & BB
mmﬁﬂﬁﬁﬁféé Ui afuic X B A—1o -2 (R0
SEE) 1, TR 43 B BHYE L CRWERIA Lic, t-a AR,
25MhlﬂwMVT%oko-%®%, 3kHz 600 kW @ fi{F1ot
-z &, 3kHz 1,600kW @ A-1uFt-2 # 4 A L, Blfr 3kHz

L200kW o feJF1oFt—2 2 @EPCch Y, RIP 1ort-2 L

TR, ENBADHEEE > T b,
Ml T FE—2 OREAORER, 7itwa -2 & LTRAEIR
BT RTOLEM (BFAEERME AL L5 A th Biitko

WS, fzkﬂ‘,&i%‘ﬁ@@%’rﬁi) PEBLTNRD LS HTHD,
BT, 1uvft—2 o#E L 20 EICOWTRERT 5,
3.2 EKBoOHR
Iuft-2 OBLRHRO—FI%E R 3. 3 KR, [T, BEEK
Feedg L L C, BB XEAEREEEEHL TR 52, H1Y
221UR-2 Fl hed EFDC LB Y BHATEETDH D,
EEEEER (LT HFG eresl) i, 1/¥EAR2EHERIF
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FHEIEL, % IEHERIEC 3R E &, KRFIC 2uasa,
FEOZEFERE, IR ooy B, NEk o1 O % Jows i
WIBXETn B, BB ARLT, HFG ofahr2@EL AW T
FTHEBCR, T12219F (KS) % Pw TeE X b #EFEny g
HTE B,

A, B, C&Jowr ooy iz, B3 4T Lo, —&k
{EENTCT—D2DE 21 2R L T3,

R=1vFt—2 OEHERO—M% R 3. 5 KfiT, cD A-1oFE-
2 OELEEER 3. LR, EXVbrd X9, 2Dt~z
FHIEZ, FHR NEEI ORI T &, abu-t HET

% 3.1 EM-UC3E A-1vFt—2 ik, {(HEo—H
Example of specification of type EM-UC 3 bar end heater.

I A ]
v etk e laiot =3
2w h =R
BB OE W W
Bt % H ok

1¢ 3kHz 800V 1,600 kW

14 3kHz 800V 600kVA 3%
3¢ 60Hz 6.6kV 650kW 3%
VT A

3¢ 60Hz 6.6kV 780 kVAX3
55 T/h (2~3kgiem?, 32°C LLF)

# oM M N
i oo o % °C

IR
1,200~ 1,250
60 ¢~30 px 615~1,740 L

I I e O o\

e | M A B ¥ mm | 130~630
YA s AE4n s/A 6~20

Bl oK AR fEDd | ke/h | 3,560 (60 px267 L bs/AD L E)
no# o= 4 5 Rl

® 3.1 7Jtws HAMJIuFE-2
Pipe end heater for upsetter.

B 3.2 7JtwaHA-IvFt-3
Bar end heater for upsetter.

TEE ORI T BRI -

Ch, BMLSEEDY, L6, aub CINEMLEET 5 &
w5 EES RSO B & CRENRCERHPFCTH 5,

3.3 BERESTHONE

o i, B3 4RT RS, 3oFTaEXEEY, &
Jowo TEIC, Juasz, BEHEIERE, NREEH 3Ty 2R T
VB, & JFowr TECEBNTHERTE S,

W, SR SRR X o CEBSIRIC A B 2%, Sl
BLEFERD 257 TR Lo CLOBEF X 25 T L RAFET B
Bo N MOBAKE, LT ETROICTHEIND B, AT #H
DEHBICHBRMEIND L, BRICESPENAD D,

Fre, JEINEGETE DT B 3. 4 @ AJowez &, FEM
AR~ DBUZEIC L o TIREE FRMIC A 5 2%, ZEHE8R av7 i
CEoT, BHEEY LITF2CENTESZDT, ¥R E BE—RE
KT 5L EpTE B,

3¢ 50/60Hz 3.3kV/6.6kV

w Ho—|f— o]} *0\—4!**

S0 I | | »—o\>—|}—-'

I e i S A
Ak o A4

| Avayz B7oy s C7ayy

X 3.3 EM-UC3JE 1o ft-2 BT RHK
Single line diagram of type EM~UC 3 induction end heater.

- - . P .
l'm@ _—
N . P Lo e
%3 o JN

Cross sectional view of type U induction coil.
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Example of type EM-UC3 bar end heater.
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Temperature distribution curve.
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(2) BB E

(3) OB MEA R THAL 5 TH D,

(4) #EROEEMIE,
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DA

3.7 EM-UC3E 1ult~2 Dih Jzk
Transfer mechanisms of type EM-UC 3 induction end heater.
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B 3.8 PFrEEE R (1,250°C fnzars)

Required kWh for steel bar end heating to 1,250°C.
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Q-value for steel bar end heating to 1,250°C.
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(1) nzdAcik

A— MEZE L CHENEY 75 EuFo-5 &, BHIZEREAEOTED)
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Example of bar heaters layout.

M 4.2 SEHPD f-b-z

Induction bar heaters on line.
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C it
BRES (s)
4.4 HRIERET AR
Temperature falling curve.
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Comparison of cost between oil heating and induction
heating.
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B 2.1 7o21060F OBEANRDT R
Distortion of a hardened axle-shaft.

P2 R BANICH — o

E{\i}l
r 39.80
33.75
U & (2) #H (REMHEH )
2.2 Rpyud (tod-L-2) DHEANK BT 5 ZIE
Distortion of a hardened bearing.
ERAELE
1
f=y

2.3 HEx7 ¥ L Master Curve

Master curve for steel annealing.
(F— HFEDORHE) i 20 Ao 22 "asdb b, choilih
BB, MO X5 IC—HD % FHEIIC 27 FexEfTh->C
CBEBLTHEA, ThEAMOHBEOO XS, #EERRRICHE
DABROHAESHE TR, EE 25wt RROERICER D, TO
X5, EREBILET 520, MF@HPCRET 5 PG
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B e

e \eC)

B 2.4 SKepBHGRIRE & PEE 2% LTI
Relations between quenching temperature
and annealed hardness.

Anrealing cvele diagram
(10kHz(C & 2 )

)

(s}

25 HxhrelyrtoLly
Annealing cycle diagram.
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2.4 FEablL
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HceHs, F2. 1KLL MHERE: BRECAEFDYD» D
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2.6 yProavue b BAM s1v O Jows ¥ B3 G H)
Block diagram of rear-axle-shaft heat treatment line.
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Characteristics of quality and inspection frequency.
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Operation diagram of chuck.
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Construction of annealing line.

B 3. 10 7oawues b FEIE M BEREEE
Automatic high frequency annealing equipment
for axle shaft.
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High Frequency Static Converters for Induction Heating

Central Research Laboratory

ltami Works

Shozo TSUKAMOTO » Takao KAWABATA
Yoshihiko YAMAMOTO - Sadanari YANO
Masayoshi KUMANO - Hitoshi KIMIZUKA

Motor generators have been mostly used for the power source of high frequency induction heating such as in induction furnaces or

for quenching and forging. However, the global trend in turning the power supply machines into static operation has affected on this

field and now high frequency static converters have rapidly come into practical use by aid of the development of high frequency high

power thyristors.

At present Mitsubishi produces 3 kHz 300 kW 800V thyristor type high frequency static converters to meet the requirements of the

industrial heating.

The apparatus has features of using contactless switches, the characteristics peculiar to the thyristor, easy maintenance,

high efficiency, quick response and low noise. This article describes the composition of the device, heating test, parallel running with

MG and various test results.
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Comparison of static flequency convertor with motor

generator.
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7.1 Avf-z L EBFEEEOWFEE o276
Parallel running system (with motor-generator).
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K65 HFHEMBKHTEDOIv0I54 ' l
Oscillogram at heating by thyrister inverter. Lu.t
800V iCH#ET 5 &, EEAEMEE 2D, AR 1or-4uz OHINC &
b o CTHEAREDT 5,
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TERERER I{

s

T A, REBRE RS 1200°C B A BB AT, T
W b BINEB OIRE R $a—U— & ?:T_f‘a 3 ¥ CREEMDIEC | S wﬂi‘

2b, ThLSRREEETIFC A 5,

B 1,000°C Ll Lo E 2D Q & 400~500°0C DL 2D Q & D

BI9T B B, i

fosies OISR, SIHESOZL e @IC & ), 500~ | |
G00°C TR BEEHRA L, LG, SO B & Gl 1 }
{vAo8uR DL LT ko THIML Tw 5,

e

| R
B 7.2 qui-z LEHBEBOEFTHEIZRFO 1vodss

Parallel running characteristics of thyrister inverter
and motor-generator.

7. i B & ¥R
7.1 HEREREA -5 e BHREH (MG) DAFIEER Do
Bl oo MG 3458 & # L <R B XN 28k 10/i-2 & OIS
va76 %, BR7. VIGRT, MG kb BERREEh, —0, (v
A—a & MG OHIFERICE L < A5 X 5 ICEREMENET I, ;’ MG 1
BER > MG I 3 A bFEMA AT D WERBIIMES 17 % ‘
5T ENTED, TOHE, AuA-3 DEWEAREE, MG o@E
BMEIC S L  TEEIN S 20, Mo NEER OREZ b
T3 EB) vwFud OWEIE LR IR E v, MG A IR CllET 2

| 800Vrms | !
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HiC k%o TS0
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A R SR Xl 7.3 /- FHEIFEEE D 15 A 5,095
W5 &, MG ORUFHHL AR L CHIUEIRR DR R7 3 avis CEMREROIT I D A0

Parallel running characteristics of inverter and

BT 2, —F, 1vA-2 OBHIE, MG OERICELL A%ET motor-generator (starting).
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WL 72 DHTE AS5ur D ENEFHEIRZ TE

CoEd, M7 4ICFET I, @.Elh]ﬁ{“b— C)Jnxf 12}
A -3 3T TH B, C TTH AvA-2 DAFEHIE -7 1, 8 e A N 3 2 D

Vieri— Vi+k(L— 1) =0

7.4 Auf-a ELOUBFREIE v256
Vierp— Vot k(I—1) =0 Parallel running system.
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Recent Trend of Marine AC Generators
Takuo TAKAHASHI « Hiroyuki HAYASHI - Kiyoshi MINAMI

Recent progress of Japanese shipbuilding world is literally opening one’s eyes wide. Construction of huge ships never dreamt of a

few years ago is now coming into reality one after another.

are increasing in their unit capacity as well as of the total capacity.

With this development AC generators for power sources on board ships

On the other hand, the embodiment of automatic operation of vessels has come to demand strictly the modernization of generators,

that is, improvement of reliability and simplification of maintenance and inspection.

From its rich experience, Mitsubishi has been

trying hard to manufacture excellent AC machines to meet the requirement of the age.

In this article is described the recent trend of those AC apparatus viewed through the company’s experience and also standards and

construction of them.
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Manufacturing ‘record of Mitsubishi marine AC generators.
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B2 1 BUEBEETHNGR 9375kVAIsiL2
ZEIETERS)

Induction motor line start test on 937.5 kVA brushless

generator.
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Bl2.2 [Hf®sERMRNIRT

Rotor assembly of cylindrical type AC generator.

3. =% A XARTHROFAEMLER

3.1 ZERERAE

BT, TRIAHERES B I T aikih Yol - JIS .
JEC « JEM-R 75 ¥ DRIRICHE > THEYEL T B,

(1) NK##  HAiisia i)

(2) AB American Bureau of Shipping
":Z% (3) LR Lloyd’s Register of Shipping
(4) NV Det Norske Veritas
(5) BV Bureau Veritas
(6) USSR Register of Shipping of the U. S. S. R.

3.2 AL
(1) & = kil OESEEREE (B4 SFC)
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WHIE
(3) ks
(a) £HEHTI:&R3. 1 DEBD
(b)) ITIERE : 450V, 7272 L 500 kVA LI Fix 225V 4 7]
(c) #1 #:3 :
(d) 5 .08 ()
(e) JHpesk :60Hz
(£) B % 4fE~124%
(g) By : Fii%cx B
] (h)y z& #%5:d #i
P (4) Ryt
WERRE, bW 2 “WHE—EE L LTn 5, B
BBSRIE OB, Byl BT MI DI A T, BRI DR
REANCHH L7 DB, FEEACHNER 2, wbW3 “Wlk
2G5 (FREN S UK FEESA O S» bR AL, BT
Ry DHHT 2 v D) LiEEAY, FOEHR o RBESLEWE S,
SRR XD PR X h B AR - ARG R CORBERA~NDOBALE
DRRCHIZ 2 &R CE, BRHEDDERV LW IFEEH > TH
3o RERERADOEEL TEBLRETSARL L, ETAROESL
EX{D7e D, 170008 BEHT T L BAHETH 5,
(5) #b3EH
WSO E Y RIRD X 5 K< 5,
(a) BB 2Ry 115 & oKy B
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)
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HHCR, TR ERRESEE LENC X > CHEMAShET
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F 3.1 M
Standard output capacity.
JIH G.8 M

H i m N

kVA | kW kVA | kW
2,500 2,000 625 500
2,250 1,800 500 400
2,000 1,600 450 360
1,750 1,400 400 E
1,563 1,250 350 280
1,375 7 o 300 240
1,250 1,000 250 200
1,125 500 ;o 0
1,000 800 150 N 120

875 V 700 125 100

750 600 100 80

£3.2 iM% R
Standard of bearing type.

—-0Lg 4 ! 6 i 8 10 12
wasawer 1 1800 1200 | 900 720 500

1,750]1,400 AT AP

6251 500 AT

400f 320

350] 280

3001 240
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HERATTRFIC SE R ER O 80% Wi T 2 AR IC KT 5 7E £ &
TR 18% Bl

(7)) EEHEE =

BRF A L D & DI ARE ML 229, Jsoia HR
FEHEL LTw3, JsuLz HF TGS N LT, FEERE
CEEE 54 5 e, BRIEEOZRHIEHET X 0B& o 1/10
~1/20 7 b, BRREER/RREE 2,

7 pEIBESEE L BB FEE ARG T Vot A
b, AW BZER R DIFE XN 5, Yrob EERERE TR
ENFEDI twt LTEE, BRSNS BHREEFEZSE (AVR)
FHL TS (SEFHREP). BIREPE 3. L KR, coFKE
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H
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LAJVAD

B 3.1 Jooua R HRARE (BE-22 430
Type BE-22 exciting circuit for brushless AC generator.
Hrik B R ABRIC R T 5 RREFEETFE T <h
T3, BESEEHNG tvun 2R 2. 1I0RT, ¥ cofR
REBEODLTHABEEEC X »> CTEEAEHTHYTE % 5% b
e FETH D,
4. HEBEHROBE

HRFZTE R TR T O EENER M LT, MRIET) B XU -
SRR LT HET LT, BEE, ~ikeiEn, EL T
55, EEEMCOWTTHAT S,

4.1 EEF

fEl5E-Fhb < i, BIBGREREE A EREC/ AR D - T Bk

o salsafsalen)

|

Az clddsK, wind, ToialilE:Fr ¢ & RRICE
WoLRNGEE L, ¥, BNOGHEEIE—L 25 X5 %
BELTw3, '

EE T O ORI R e 1 SRR M5 ENIC Jowo Ik 8
UCRE L, MR o5un 2w TINEL,  #— CEETD
LEET B HHERAL, BEFEOLD Jowy OBEAR, Hob D
BB BRD DA RAE O, RIS~ 5B L5 ICHRINICH
DERMICH®D T W 5,

BT o M E L T Aoz BT SEEE 1500 #1
FH, 210598, 21h5-3, #5257 7 ¥ OTREMERSE O bk
ZREERE L, omz & LCRIHSEEOE Y ity 2 Y-8ty b
DI REBE I bDEHD 20wt WILBEEHTHEDOT, K
HLHL « HERW 1Ak F Tl - TS - Tk - Wi 3 Chue
BDEHR>TnDE, Lo THADENSLVATHICSH > Th,
ZOFHES LR R,

4.2 EHEEF

[EET- M7 ME R R e it e L, 8- 2804 - 8ele - oo
e 95uA - Ao BHEE o9y LI EN T 3,

Tl S AR BTG IC AR L 7 T i<, [EHE T & Do RS,
BEKIIF D3 Sve 4 SRIAELD B » XTI TRICITR %,
ChEAFFICKEL, W% oso8 CHECHIND chE 28
& P E e FINCHAAL T B,

HET 21 EE Ao &% % B e L, 21058 Trilid
8% M LD MRS C R X 5 R HT bhvk 209 KL
AL oo EEBMEE R, 21 SRR EEE T OB A52A10F

HEEEL LTWD, AR S —CLIvsy &8I X2 EMHE vy B
WL, SFhEEAUEC TR 5 X5 iahn duf BEREHMA

Tnb,

@

1 o ¥ ¥ £ 0 | # ” - 19| B W W W 28 | B z
2 o B2 #i 1 7 r v 20 VR v ¥ 29 = < 4 7
3 | o M % BB 12 A 4 v ¥ o~ 21 B = ¥ b < 30 4 ¥ v
4 # s - 13 HRE (Fxir) 22 B & F & @O 31 # < —
S I 14 it = 23 m o F &% D 32 #h

é BHZE F =2 4 15 iz )3 &t 24 BEF 2z 7 v 33 N A
7 B % F b X 16 ] Ed Ed i 25 B E F a4 r

8 |m & F & O 17 n < - 26 B&F s> v-s

9 B o= F & 4o 18 b kS # 27 m&®F =2 4

B4 1 BAAC RIS E B ML E X Ol

Brushless marine AC generator general assembly (open protected drip-proof type).
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J7u BREREORGT Jry CRERE_EO HEMEMIIC 1B
LORFHEL LCR Y, BEMCH-HoRRmEE T LERE BY
FTELRTLRIBROBAMNBZEL X5 CELTH B,

4.3 By =

FEBAED W0KVA R0/ MEBBOBE, FhRBFOHE
B IBHBICR IOV HEERAT D35, T
ZefEe U, aRDL R R & iR SR L e ahlia s
e L, WEXRFREHFELBRTLIC IR 2 48EE L
T3, (hk, MEREOERIC LD J55ub DHEHPTTD <F2aL
WTETZ2 2235 5) Jorul, Fzal kb e-cll
ZRIEZ DO T, HIEROFFIE D TR O EH SR
FTEEED, HROHTRCITEEHL T B, FEEBEmIIH
BEOTER T X5 ICHE LT 3 3 THE LOBEAR ¥ic X 5
BEOHEZEE L CRNEENOMEE S L RS CEgeiEL
IMERFBOTEREHIEL Tn 3, (F4. 2 208)

4.2 RS A TR
Insulation of shaft current.

B 4.3 ZERHHBEETY F -t 7B B
Diesel driven marine AC generator, totally enclosed
type with air-cooler.

IR ZCHFETERS DBEE DBYR - A% - 4% - 78

4. & TR

TS Joo LA EMOXRTSCH Y, TOHEE, Sk
BRAREOHIEML BB LAROD 2 H/iE LTw 3,

W EF SR EETE L, SO0 R TSRS HiE
TR L b 3 MEEETE ZankEsc, RESSAOH
IICEE LTS 5. AR R IEERICHE: CIEE SR
BERFELAIERE, BEEF2ENSBOBSRAPNET
ML, #E3HAS RERARCEbE TR 3,

4.5 [EEREEmas

JouL2 HHREEO OIS Y, ERFEFOEECH E T
X EFLFRL, FFaEEA Sl XD 2 oMEERRERE L, @AE LT,
WEHHEE, 90 BT, ERIERBOBERICH LT T2 4 5
k3l Tnd,

Pl e UCREMEsmEg Gu—v S AL, v
AA-F R OFEEER L & DICHHER T i Xt t- oo ICH
DT b B, b—tuos & 14~ F QBB D 5 & ARICES
FED—I L 2> Tn 3,

4.6 EHGHE

R EHB R EETD S O LCHIRL, #EAkdEke LA
THDT, BHICHR &Y D 2 HARBMEE & L#AE (BSTE-
2,3 4) ¥ L, Thizl@El%eL, cORFCL LERLDOR
FEHELTS, HAPENICEALAVIS KFLEOMEL & >Tn
3. F—, WEFBHRLZSEICREL ) LR ZEmED
HAE )Y 28 ) RO BB 2 F Y, KBICHRT bhiaxkk
AR, ADFEFNTHETDH B,

BRI & T S 2-A0 B8, keic ik #p% fv, [5i
HEARED (HF CES LR R 2 IR IE L Tw 3,

5. EREDH b REES

BAE DEWEIEDO 2 LIREM AR S D% ES. 1 KHEE Lo

AR LD DICIEE, FHEMAHR OFER T 35, RERICE
WTH ZORIAAD D, fhds, SMETAR-> T b REHZ E—t1Ee
FEREND 7-2 84, B aurT FET D 2500 kVA 2-Fy
FEEH (RS 1) BE0RWHTH B,

5.1 ZZEETHIF)®D & ourt B J5v02 s ER
2500kVA 450V 4P 1,800rpm Fl 2FRSIE
Brushless AC generator for high speed container ship
totally enclosed with air-cooler.
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5.1 A 2T E B RO M & R O Bk

List of typical marine generators recently manufactured.

# Y B OB (R B EIEE ) pm lm &8 B RBIR | ABBR | A 8| WS

AN ~7 = ) ~ | ZEET G S. 1022 712.5 450 720 B 1G B 3] W5 bl 3 S. 45-8
BAN SHIPPING H ok K TS 152 700 450 720 B BV B WOl B W 2 45-8
%}]%(g;:é&l};lo%%LK =W (KE) V.217 962.5 450 600 F LR TI LR B M 3 45-8
SEASIRAL QIL EHRT (EED S.1672 | 1,750 450 1,800 B AB yrvvn | F_oou% 2 456
A ES K P | HIHEEIT (B4 S, 2217 1,625 450 1,800 F NK TIULR %, 7{;,;'_ - ] 45-7
Rk ok B | FHRET (09 S.2217 | 16 450 720 F NK | vvux | S4B | 457
vy AT AT e Y- | TR (D S. 943 837.5 450 720 B iG B Bo| OB B 3 45-10
X W R | SEWT M) S8 | 1250 450 1,800 F NK | vrvvx | B_oaB | 45-9
P g 2] B | ZHEET (R S. 1686 1,250 450 400 F NK TILR ] b 1 45-9
= b i3 Mol ZFWT (FI) S. 686 375 450 720 B NK TIYvR Vi 7 2 45-9
MOSUOLD SHIPPING | ZET (MiR) S. 918 712.5 450 720 F NV 7I L e 3 45-9
%IRBEI\%‘%(%IR%ULIP T (8% S. 914 1,062.5 450 1,800 F BV FIULR %_7 h‘?~ 2 45-10
R AR SHET () S. oM 312.5 450 1,800 F BV | yyvvx | B W 1 45-10
SOCIEDID ZRET (BE) V.215 750 450 720 F LR FIYLR [ i 3 45-10
RO SWET (24) S.1679 | 1,562.5 450 1,800 F AB | Frvex | T8 2 45-6
e ST (R S. 1679 500 450 1,800 F AB | Fovux | B W 1 455
n i % Mol oW R O# M S.243 500 445 720 B NK 5| i} ] b 2 45-10
JAPAN LINE SWET (K4 V.22) 812.5 450 1,800 F NK | rsva | Foo4E 1 4511
JAPAN LINE SEET () V.221 625 450 720 r NK I LR 53] #H 2 45-11
B & 4 f | B 3 (kE) S.432 787.5 445 600 B NK Trvvn | Foouyd 3 45-11
W T H A KR B o R OE IS, 2167 1,625 450 1,800 B NK TI v %_,ﬁf? 1 45-12
W F % OB A R OA | MR E TS 216 500 450 600 B NK Iz ff_ﬁﬁfi‘? 2 45-12
UNELED OVERSEAS | =seqr (gay) s.1673 | 1,375 450 1,800 F BV vIvva | G_out 2 45-12
UNILED OVERSEAS | =g () S. 1673 537.5 450 1,200 F BV | sovvx | B W 1 45-12
H & B @ | SHEET @) S. 1024 | 2,500 450 1,800 F NK srvvn | Z_o . 2 46-4
Bk B B | SEWT WF) S. 1024 1,625 450 720 F NK srvvx | F_o 4% 2 46-4
B, BE F-tL REBCSWTY, 2FRHIET JsuLa B RETH B,

Wi (5 $4 ¢ e

i (R4 3) g e hTw 3, 5 % ¥ B

bt 7T (1) HP3E: Z3EPEICHoEER, =FER, 32, No. 8 (IB33)

B 24 D #RER % L C 7 5830 e i AEpE S8 AR o Sl O e, (2) B, 5TK:JsuLa THFEEE, SEEREE, 38 No. 1l

Mo e X CREN AR BB DWW TN L, (K3 39)
YA CHLEHENTO AEASEE & D ICHEL, HIRETI (3) B : pETiRiEEomEonr, ZEEREHE, 40,

Wiz o TIREIMTH 525, Wihic LT A REROER LIc No. 5 (g 4L)

BEEEN2ERGIHFETHY, BERLUOCERAEBHEAT S

A A e S s e 8 PN S N I NN TSNS NI N
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The Latest Induction Motors for Marine Use

Kiyoshi MORITA - Masayoshi SIBA
Fumio MAEDA

Nagoya Works
Nagasaki Works

Recently the shipping world has taken the policy of operating ships of larger size and higher speed with the object of improving the

economy in the mavigation.

shortage of available crew members as well as of securing the safety.

At the same time there has been a trend of turning the machines on board to automatic to cope with the

This has induced enlarging the capacity and complicating the

apparatus. Marine electric equipment is of no exception and larger motors come into demand day after day. In addition, higher effic-

iency and reliability are called for as indispensable requisites of those apparatus. Under the circumstances Mitsubishi has been building

machinery used in engine rooms and for deck operation based on its new and high technology to meet the requirements.

describes the features of the latest products and trend in the circles.

This article

L & #° &

AT O HHE R EFERFEOF_ L% B e LT AL &
LR SR, TR OTBICHAL L TIPS I OEITE & 5D
BT RIFT 22 DR BIME - SELEE CuF THED
bR Tn B, MRINO KT LR BIRRIC R IR O KT L - 28 b
WY, ChEEDT S EEED AL, FBEHE I RINL Tw
%o 5 /NBALIC X B HERERLL & & I EIEMED R B A TR
Th b, HHBROFNICHIE LT, HICH L iz R L,
FRBSH S L ORI RS R S B EIA L Tw B4, LU
EOEMZETRDT 5 BICHAL L e MBS OISR, fificowT
WiEN3 2,

2. REGRR hIE T

2.1 R

LT IER 40 2 B M EFERME vu—A 5L, BE
ETCTCRA DB CHHAINTWEE, Ibic, KOFLWEFRDHE
B 5 ~ < T BT fiukk i Je A2 0 T gD 44 4RI BEFESE
TL, FTI6ER, 2808 EENAL T3, ThEITESHE
{EREDODEE L willEEE & i, BNEELRCES, LArdBEZY,
WEMC S IERICT SRR B OMRIC L 2135, HLika
I T SRR ARG B A St L TR b AR E N A SRR

2.1 55kW 4P fARFEEnE
Type SF-E 55kW 4P induction motor with class F
insulation for marine use.

*AWEBMIERT HF RIGIRRT

HiiofELORE L Vw2 X 5, coMATFEEDHE, JEM-R2044
(TEC #ef) o EFEEc st Lt o 2 50 b #H o0 5%
—BHE L D DT, BN INASBEKRER Aok &R
> TWn3,

2.2 st iR

MPCHA X B EBIEE LT, EBAME b\ i 2 HHER, G
HEIED au1ol M EROEIBAEL, HIROTHTC X
> CHRBOHBIENZ ET X4, Dw»ic REDRICEIEE JHE X
BB e S BRI L. TD X5 RBE, BIEOHY
T N BEHE R KE S QET B &, ZOoDLRUMHET S LilE
iz,

(1) o EIBIcMAE LT BT

(2) EBERELpOEEEDKE L, BEALMUS TR

RS t—h— & LTS 2 720 i, Bt U< elnE
WxEEHT L, BEHCHLTRENC 28-2b-2 211 25, (EEE
e 5, ¥aciigimitd s e e mE A LD, EBRIC
SUTHHCH, & cHFEoMAEREHEML, FAdcaby
Tl A IR 2 T > TREEM X2 X 5BNL T 5,
REZEXTORBE L TRIKRDLSICHIHEL TS,

(1) AZRAFS IS, FEEEENE f03

(2) BARAUMK  H-Tauoosv

(3) CHLAMK  LRMAo—EHe

SHAUEKICHT 5 5 REBOEEARIRXD LB TH D,

(1) ALAMASK  FEGEM, 2owb 88, oo

(2) BAHAPSE  FEEKEHR, ooz

(3) CHLAHZ n»zz

2.3 TRk

BEHMFHECOW TR, e LTERERERZERIND TR
H5, BEEMIERETRICH L, §1500~800% <5 5% 23, HEL
treroEtiPlEng &, BEWEEEO oxh LEcMcREEE
ZRABEDDY, 25-F L2 BERR T 2 LR RO HRLER
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FEO BRICHHLTES 2, AWORI o B X UER O GDE
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1 fr
b T
iz is I
! |
o R ] o 50 -
% ED % ED (EHTEERD)

® 2.2 %ED &k % ED @ Fo R

/ 9
6 2
Relation of 9§ ED with 9% ED continuous.

X 2.3 0.75kW 4P ¥pisda

Three-phase induction motor for engine room vent fan.

2.4 T5kW 4P g (i «-n- T )

Three-phase induction motor for oil purifier.

2.5 L5kW 4pgstud B
Three-phase induction motor for grinder.

2.6 15kW 4P L8055,% 4~Eauo07v

15kW 4P L 80 Flange induction motor for thermotank fan.
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MEtosiFERE L, BEiE: SENCHEALE LD TwS,

%ED & %ED GEtiER) ik, Ko ksicEHbEIND,

(21+25+25)
(t1+t2+t3+t4+t5+t0)

9% ED= % 1009

% ED (Glfgfli) 203, _LEEAILRERRARERGER L 55 HD
H5Ah Do
2.4 45HER
PEERR RO MAWR AR EDRE . LT, Kok5hd
DTHoko
(1) WP m
(2) HhiEEHE
(3) FkdEmE
(4) Js1u4
(5) B
FREOBEET X v 2ur LaEEE LT, NEIBRAE
REINTETKD, TED - &L FHBRAEH I T R
v3 bIERICNBE XN, fod BIfhE R —SHAT 5 L5 AT o
503 B o WHERAENAZDDOZFHEINTwE X5 THB. &
SEQUEEBETROER & LT, KOX52d0RH 5,
(1) -5 LS50, L10, L80o55uz
¥§2k osvr, WM o5y RHE
(2) 4ot #HE SUSSH2, SUS27
(3) zeob B 5K 2T51v
T 2D (ha, 39, B 3D
Wy, S At [
(4) WEEH -
sEyuz fif
ALY Sye i
2.5 BhK#
LA RSB O Aop M seke, TIS F 8001 (ifES
RO AGERED ICHER L TROEHEABREREL TR 5,
(1) S3mEATE: sl X nikE oRo K257
AT B Eh0dHET, BEsEREA YcEHEhD,
(2) sE2REAOKE: BEsp I, HEEEER
X fu3, AT R EOREER FIcky, HKkINEIBFINODHDE
BCHETIEASEL ViIcEH 5, JEM-R [{ABHESTH L,
(3) HMRBHZAME : FMRECEAING b O T2 T RRE
CEHEL, POBAD L VSRR EEEEHT 5.
(4) AREWATE: BERACERTH, BEERALAWRK
BICCGEE XN 2, BAL T ER ki CGEIETTRER b ©

= 2.1 JIS F 8001 hkisimalD 3 ¥R
Extract of JIS F 8001.

w % o W W | b i
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£ = W W K B EoHiED o

£ = W % & EFICH A SO0
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2.7 STKW 4P BH3k tu AR

Three-phase induction motor for fire and bilge pump

&

B 2.8 37LkW 6P p-1L~-2
K¥-E (ou—v FEE)
Type KF-E 3.7kW 6P three-phase induction
motor for car-elevator.

® 2.9 200kW 22P 440V 60 Hz 78558k o H

Three-phase induction motor for main circulating pump.

® 2.10 750kW 8P 440V 60Hz ivzs22 A
Three-phase induction motor for bow thruster.

BOE OB TR - 7RE - £ - 3IE

£ 2.2 fvzsas EBHEGREIEE —EE

Specifications of bow thruster motors.

2 E|® = a2
kW P EIEr e

vi|vz |11 |12 KBRE | HBEE
112 6 | 440 465 | 85| 145 | 1170 | GRS | CE22021
150 6| 440) 465 | 250 195 | 1,170 GEASWE | CR22021
225 6 | 440 | 560 | 360 | 250 | 1,170 | GBS CE22022
260 6 | 4401 540 | 415} 290 | 1170 4%%045998 &(130% ézozz
300 8 440 | 520 480 | 340 880 %%045995
375 8 | 440 520 600 | 425 | 880 ?5%045993
450 8 | 0| 500 | 715| si0 | sa0| CEAS9 | CE2202
525 8 | 40| 500 | 850 30 | g0 CEAFI | CE2202
600 8| 40| 630 | o] 575 | sso| SEsS9 | CE2002
635 8 | 40| 60 | 90| 05 | sso| SEAS9 | CE2202
675 8 | 440 630 | 1,060| 645 | 880 500’%545999 OB 2023
750 8 | 40| 630 |1160| 715 | seo| SEAS? | CE2202
825 10 | 3,300 | 930 136 540 700 gé];‘,045999
900 10 3,300 930 195 585 | 700 5061;3045999

) 1. #EE bk s50~100%, A ba 2 160% LlLE
2. NY 2T R X OIRMH:A
VSRR, B R RETE, HHIBEET
BHUE, 30535k, FWE, Xzt

T ULy WEY fuT R I NG,

(5) KRB : mFAPCEEEINDE DDC 7o54T54- B E
IERE N2,

BAEARTIE R b RECRER R AE C tidavR, AE<ckTC
CHRD 0, SHERMEEELDID,

2.6 H#bsXUEHE

auh- ODEX{L LPG 3 XU LNG fiosihy, au57 MoAEE
BYEE XU h—22Y~ DEREATB LA &C, BEEO HRTEE b R
BAEDOPHAL, TOMBIEBELDDH 5, & CEEERZL
ELTH, SEMEORNHERER Lok »ic A5z RN
5 -2 BBIATED, K BB0KW v o KR E TS
D CHPEAA LTWwS, [ 2. 10 € Avasae BT NErE
2. 2 KERBEARRT,

T BHEIER X 2 BB B0 LR LTRKRDOE 5 E b
BH3,

(1) AF—rfizo»y

(2) TWHE%7 QLMY

(3) ks wEbs:

(4) BEIW

(5) oausr FlsEils

(6) H-ILR-=

(7) THEstEA

3. PR TR

—RRIC PR RS R EPRCEH TN 2 20, AR
BET, BACr 5 AR THE f-1F0s FRE L, Fa20 BEKE
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B 3.1 5tx30m3yrHSCH h-d91oF Hilhk
New type HSC cargo winch motor.
I+ EFNAERZLDTN D,

3.1 HHSCHA-—IYA 7

L BT B h-Fo1oF 13, WBF 27 £ HWK I 398 9107 %
HELTE SH¥TRe80AY Lo e AT 5. h-d
M5 DRBREORERZED L, 20EZB DT, h-dofu
7 & LCOMEEER EHARIHNC ST, wWhich CTEEBRORE 1
FAEMLshnzohbicr-oTEY, ERolX, HEE=Shy
DT NCEMEOIwE, AR E b A>TEMLLTEHY, TOEK
THHSC B o1oF BEMTE EERHEAR L dDE WAL . K
KPHSC v1ur OREZ DTS,

(1) zudno-z DiRH

4/8 fiz & 16(24) AR~ LICHEHA TN TV 50T afLIvl @
EDSBEREL, Lk TlihHoRE X 238<, ffkmic av
RobICEF SR Tw 5,

(2) 2wy, RO REELSDE

BT INERIIRATIC LT GD? 37 {25 & 5 IciihLT
W57z, IR - FIBIROFEAARL /0 & & 7o Y BEE R
LCHEEIHEETE %,

(3) p=LFl-R7Yvd DEEH

TS RE MAIET 5 & & d K aMusTuroY- & Lo

(4) FiEigoRH

TH#HED F e FREH#Z ORI T & b CEEED 91vFE-2
Ehote, HIEBEO AR HEMCREET 2 2w 24 ikl 0
ILIol B8 EMETCRERIEFET (Uovod—Easwt) ZHIALT
i,

(5) 27vE~2 DRIRMGHBE DR

I7uE~2 R E L CEBBEANGRC >7y ZRYT, EZHEN
IR S ¢ ATHE L H L€ TR 5,

(6) Ju—+ HWRFE~DEZL

BER, WIRCET CThZEEMO 2J4wbar EREERLCH A, F
w3 OFEPL, S17u) BURREDOHSE, HRAEBHC R oo

3.2 94 VEFESR, ATY L9 L 0T

Stulsa & a7UvdoToF X, BHEWREL 2 3 EBRO R,
BEXE L A AERR N,

—fC 4/8/16 15, ¥k 4/8/24 FRofESZE s EIC X 5 3 Bl
ECER JoF X 8lTH D, NEBRRLMAMAE TAHITER
Bk (BE) KL Tnb,

BTl 4/8 e 16(24) BRI DB DI L THR—D b <

% 3.1 Futol— AEDMEHR—LR

Ratings of deck crane motors.

| - = o
| HIE BB &I B OB e 5 P
s W A p om . £ Z
24/24/10 | 41/56/40 | 4/8/16 | 1,630/810/340 | 30% ED | 7 7 v RE(T

B Ts 150% Bl E

= | 24/24/6.5 | 42/53/62 /8124 | 1,620/820/220 | 30% ED
244 1531 418/ /e20f 8078 Tm 150% Bl L
32/32/13.7 | 54/73/55 | 4/8/16 | 1,650/820/350 | 30% ED | TB 150% Ll L

| | 3%82/8.4 | 53/69/50 4/8/24 | 1,610/815/215 | 30% ED
40/40/10.8 | 66/80/95 | 4/8/24 | 1,600/810/220 | 3035 ED
#10,5 18/15 6/12 1,090/550 15% ED | Ts 150% Bl E
Tm 150% .k

& #isi75 26/21 612 1,090/545 15% ED

ee / / / 78 Tp 1509 &L

g 20/10 35/27 6/12 1,070/540 526 ED | 2 #LY 1 v 2

— Vs

B | 225 4338 6/12 1,100/550 155 ED | ¥~ ¥ PEE

{mf TR 200% Bl 1:

< | 3015 51/40 612 1,090/545 15% ED
35/17.5 | 60/45 6112 1,090/540 15% ED
#7,5/3.75 | 1412 6/12 1,085/550 152 ED | Y —A &H
=10/5 18715 1,090/550 Ts=

g | =158 | 2008 | 612 | (ossisas | EED | iz0—-160%
15/7.5 29/20 612 1,085/520 159 ED | Tm=

160—180%
20/10 36/27 6/12 1,080/525 15% ED | TB=100%
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Electric Apparatus for Nuclear Reactor on the N. S. “Mutsu”

Nagasaki Works
Kobe Works

Yasuhiro UMEDA - Hiroshi FUJITA « Fujio OKA
Masateru TAl - Masaya MASUDA -« Uichi KICHIJIMA
Head Office ~ Takahiro TOMINAGA

The N. S. Mutsu, the first ship of the kind built in Japan, is the third realized as a vessel of commerce in the world, following the

Savanna in U. S. A. and the Otto Hahn in West Germany.

It is powered by a Mitsubishi PWR type marine reactor plant constructed

through pure Japanese technique and rated at thermal output of 36 Mwt.

Mitsubishi Electric Corp. has participated in this project, supplying the principal electric apparatus. This article describes the outline

of canned motors used for main coolant pumps, auxiliary starting panels, control instrument panels, automatic controls of reactor power

and nuclear instrumentation. It also touches upon the special condition in the design for the security of safety.
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Canned motor for main coolant pump.
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Nuclear instrumentation panel.
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Electric Apparatus for Container Ships

with Unattended Machinery Spaces

Nagasaki Works Fumio TSURU - Takaharu INOUE

A decade has passed since automatization was talken up in ships for the purpose of saving the labor of the crew and improving the

safety of navigation. For these years the details of the automatization have become multifarious and higher grade. Now unattended

machinery spaces have come into reality. Several tens of vessels are at sea with Mitsubishi electric apparatus carried on board and a

class mark of unmanned engine room. Under the circumstances, a high speed container boat of N. Y. K. S. S. Kamakura-maru, built

in the Mitsubishi Kobe Shipyard and fully equipped with Mitsubishi electric machines is making thorough provision to obtain the mark
of unattended machinery space (NK-MO) from the Nippon Kaiji Kyokai.

This article describes the electric distribution system, remote control of main engines and alarms of the ship with unique features of

tow-unit two-shaft turbines and NK-MO as a nucleus of the topic.
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2.1 2500kVA 4fF JsvLa LHFEEE
Brushless AC generator for container ship 2,500 kVA
4 poles 1,800 rpm.
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2.1.2 TBHZH

BRI, XKL el (bus tie breaker) 44U CAh% & £k
Kb TwWBIKS L+ Bl (Split supply system) #4EHIL,
FAHE O MR HER L T w B,

CORSMH OB, KL RRER 7 & o it i, &
TG U e Wigsat byod L, O &5 % SHRAL O MR B R L « i
#R 1T D O TG I O S T T IR ERT 5 ¢
EMNTE D IEOHBMER DL, T ok IR (Gt
D S DO TEMA ¥ ORI X0 35, B~ o
FhOTIITHB,

Ear L+ Wi 7R & 052 <, $RTE O uliseEREDR O 7 D57
L« Wigh KoL »Wiseds X IR A L » Wissiic idse e i
BEND L SBR L « iR Z LT3,

TR, AREC OB, TRENEIRC 3ty T, 7o
—BL BEEMSERENT, £, GO EUIERR S L+ ki
CHHELC— RO R o T B,

RO RS, FEER L TR E & b BRI
TNT D, &I I5ut BIROEEHEE AR, RO B
b YREAAE & 5, EHOEREEE M2 AREiE TR &
[RIRFIC A TR D EHE IR B 15 L Tw 5,

2.2 EEH

EEEMILE 235m C, ZOKE X AMEREROMES -
READ 27— %L LDTH B,

MOMEE RS, A% Jou b Mo S aREmE e, BRE
TGRSR ETIRE T3 30T, L) B F B FEEEE,
Lk a-to FEHEBM, X440V RREE, PIOREEcR Sy L e
ErERAY, W 0uTT LB, Aozszas- L+ B, BBEY
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Single line diagram of main switch board.

2.3 B ooyt BHRALE

Main switch board for container ship.
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Operating scheme of generators.
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Connection diagram of power automatic transfer
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High voltage group starter panel for
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Marine AC motor for bow thruster.
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Block diagram of turbine remote controls.
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Characteristics of function generator.
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Relation between steam pressure and valve position.
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Data Loggers for Ships with Unattended Machinery Spaces

Kamakura Works

Nobuo MATSUOKA - Hajime AKIYAMA

In keeping with the world trend of building ships with unattended machinery spaces, the Nippon Kaiji Kyokai set up a regulation

for unmanned engine rooms in 1969. Since then among vessels newly constructed, a good number of them have entered service under

application of the regulation.

Unattended navigation rigidly calls for high reliability and stability on the automatic machines on board.

This article introduces data logger MELDAP-1300 system carried on a MO ships, Kasagisan-maru of the Mitsui O. S. K. Lines, Ltd.

(117,000 DWT). Description is also made on a system having a small computer as its nucleus and being expected to come on next to

the wired logic system now playing the major role in the data logger.
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2. BEoEAMBEEERO®F -4 18 # — MELDAP-1300
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Marine data logger MELDAP-1300.
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Block diagram of MELDAP-1300 for S.S. KASAGISAN MARU.
F 2.1 4Rl 3o MELDAP-1300 A —Fs
Input list of MELDAP-1300 for S.S. KASAGISAN MARU.
A D A ®m H 2 kD D g A 7 4 A »  ®m A 25y ' e nlen
575 AW B mminl F OB AT e mnin
% O 68, 69| 1, 2575k gk Kk H R I O O
1 AR (rpm) 0 0 0 70 wr ARG AT H v 7 I R 0 O O
2 HoiF—) o o e} s} 74, 72| RE—vF L -TNT U o FEEGYE BRY O O ©
3 B e 0 O 73, 74| YyvaaveT PRT Y v SEEGEE. SRR O e} ©
4 F. O iftidik O 75 WA F. O Mk O
5 >3 v iR @] 76 SERBSHIAA DED @ @] @] ©
6 L F. O AQESN © O 0 © 77 SRS AT AA DRI O O Q
7 B F. O AnEE O @] Q an 78 BRESHAAADED s} @] ©
8 EX<DRRT S - EER ) ) o) ) o) 79 | B RBH TSR 0 0 O
9~16 | kW No, 1~8 ) v & RN Rildne O O 0] © 80 TEREE L, O ANES © O O ©
17.18 | ¥ No. |, 2 BREBEER 0 O 0 81 TESER L. O AREE O 0 O @
19.20 | 2 No. 1, 2 B8EHEY A D% 0 0 0 © 82 | SRR H AR 0 0 0 O @
21 ARE L. O ANEN ® e} @) © 83 1 BREEARBN Yy 2 inEE o] O O
22.23 | No. 1, 2% L. O Mo 0 0 @ | 84~89 | 1EBIEIE No. I~6 v J v FHAm=@E | O 0 (@]
24 R GE » 7 2EH 0 0 o) 90 2 BRRIRTE 0 0 0
25 RREUA » 7 2= viBE 0 0 0 91 2BREW L. O ARED © 0 0 @
26.27 | HSZE% No. 1, 2 QaHBERANEE | O O 92 25REHE L. O Ammy O O O ]
28.29 | fiZes No. 1, 2 2RCHHIBBAMOEE | O O 93 2 SRR I kI O R ) @) 0 @
30~87 | FHSAEH » # = No. 1~8 i1y @ O © 94 | 2 SRERBRIEH A 2 H R o o | o
38 ~7 Yz L.O AREY © 0 [e) © |95~100] 2 BRI No. 1~6 ) v AHE» i@l | O o) ©
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FEE M L7 2ota—srodofi- BBEHLTE30EBbh 3,
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RIC D0C2-F4050f~0276 LDNTEIThk\n, T 25
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FEALLERSE, LA LAEXEDL, —HTCREERZEATA
B 1w b WICEH AT AL TV S N~Fo17 THISDELES
ZTHRIC 73Yr-vavdodss RIEZ CEIC KD, HEDB uas
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CHDHTnE, (1) JoRs MEEEERHED 3 BRI ML TR 30T, Kic
) BEBE A (i 3 Bt 0K T 40 % U AR o (RIS AURC Il A D T 7 FR
(1) Juo=— Mkl (V) TH3,

Recommendations for Periodically Unmanned Engine Plants- (2) R —E TP & [EiE o BRI —

Class EO Motor Ship. s PTE D RHERE {2 72 O s g 2
1966 4 1 iz L, 1967 4 Recommendation O EH D% 5 4 ERFE EARN LI IE LA TEA LAV,

HNCHIA 7o (53R 545512 BO (Max-Hours) CRHEIZER (3) BN Ao E &% P Rigokice b, HiEEo

I RN RGEER & R L B DTH B BORICIT ISR ER S N 5 . X2 S B &2 O K & i
(2) ¥ aqf B8 (LR) Dz, 72d 24T, ﬂ«ih— T o TWTh Joxs R m‘zmm ’)
Recommendations for Automatic and Remote Controls in Ships 5. TO5 LA HEEER IS5 A2D1CE, TEEOICEY 34y

having Unattended Machinery Spaces, DWEH G T ANDLERE L, THHLDRERHS 2D Jais5
196841 3 HIc AL X e UMS O ERME 352, Thix EHEAUC LB L 72 RE=Foa~FAwo BEEEAL, K 3. 3Ry

Unattended Machinery Spaces 131 Cw 2, 55 R lbEEs XURO B X ), HIEFROSE M X ORI 5
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Shiphoard Automatic and Remote Control Systems (Section 45) I8 SRR REDR I NIE, F DFIER j_l;f&l L BHEx B
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(4) 2suz ks BY)

Guidance Note-Automated Ships Technical Granting Conditions
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% 1968 412ic Recommendation % 5%3 L7 23, @I S RE

Lesh, 1AQ DREREEET : ; | wm o501 -% ; \; . : “"TQE

WHRIERRC AN LTIgiah s, A

B31 sa-tvyzsav Byrv-Azxw
Relay panel for main turbine remote controls.
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TR, M ety FREE
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b Lot bk Judss EF Y CHEMICTTARADI S DuaveFa

% JVwy 72 Iuvudvbo-1
“C,

A T 0> FRIC t b 3.2 a-tuVEIvvRTF6T 0w
Block diagram of turbine remote control system.
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wi E72iE dvbo-wh—6 LD 9u2eF KT s~y DHEZH O B Turbine remote control system with PI controllers.
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Principal functions of turbine remote control system.
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Simulation of main turbine,
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B AU & BRI L Tv 223, [RIRHC BIEM & Satiilic 2
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Flow diagram of diesel engine remote control system.
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4 Notch 1 o e _'%/‘_2,—”’ \ 14 Notch w1 |
S / : . S ]
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" STOP
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* Shaft AHD \
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START|E o | .. o ! ) 5 20 s i i
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. 1 < e 3
ny Note X1 rpm Feedback zone
ng;_t I;;lol;(;lilt?on #21 AHD Program sequence
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X 4. 2 EB&EIE Start-stop operation.
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Flow diagram of electric governor.
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Automatic Cargo Pumping System for Large Oil Tankers

Nagasaki Works Yoshio KATSURAGI

Tankers are turning to super large tonnage of late because of general trend of rationalization in the shipping world such as cutting

down the operation expenses and reducing the number of crew.

In line with this, curtailing the time and labor in cargo pumping is

strongly desired. To cope with the situation, a new control system of ships has been developed by incorporating a jet strip system

(JSS), an automatic gathering system (AGS) and a display unit in addition to the old function of cargo control panel. This system

will give significant technological meaning to super large tankers of automatic operation controlled with a computer. It is also expected

to apply to the cargo pumping system of vessels with unattended engine rooms. This article introdues the outline of the new devices.
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Internal view of cargo pumping control console.
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84 kV Plug-in Type Gas Circuit Breakers

Shotaro TOMINAGA - Toshio TANABE « Tooru TSUTSUMI

Through the attachment of driving mechanisms, circuit breakers of general purposes are rearranged to operate in connecting and

disconnecting the main circuit automatically. Thus it becomes possible to use circuit breakers given a line separating function for elimi-

nating the disconnecting switches set up in front and in the rear of circuit breakers in the old practice.

With practical use of this idea

to 84 kV standard gas circuit breakers, plug-in type units have been developed. The new apparatus have an earthing devices of the

main circuit and also a construction to enable a condenser type potential device to be set in.

Along with the recent trend of building compact substations these combined apparatus are expected to find the way in various fields.
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TROWMTR R SR T 2 EHEREOR Y Fdic 3EAL T2,

O

84KV F5512 T8 Az L p W52 - Bk - BV - 2

_-ERRBIENE

e SO o AT
a3, 8/]17 %/EZ‘U <R

 sEEGt

5y

7 AEBIES T v T

=IRLR XV R A v F

B 3.6 il 4 44
Controling housing.

% [r—
szt || ‘ ¥

B 3.7 # 3=
Earthing device,

3.5 HlEERE

B E LT, 60 -2 ORIEICHIEAER T T 5, i
R OHEE [ 3. 6 IRT A, BEAEELS - a1o- REE L <
PR OB CIREA b FE T oS LTwd, XL, Sk
H2 REE L L Wi LTk U Yo 520, TG - IE
T atwF & DICL ¢ liEs Ju—o RICHD 1, A@EMicd CE)Y
LLTw3, ¥, Jb-4 BRI A2 #HE 0 & 3T, L« Bt
HECBETE, FSCHEL S 3BEE o Tnd,

F 7z, (ORI IC HEEEER OEVE oL 2RO AT TH D,
D & € ATHTORBHIMERTETD B,

3.6 EMikiE

X 3. 7 G R R T, RSO BRSO
HEFRIC B TR SN, HBHFEICHY 907 (8 L <@ T
FOEHE TR S

BVE UA- CFIREEL & LIAAACT AT &, BEhRE
EfFMIClgE L, e awl 2L CEEHIEE® RENAHICE T, %
FOBEHEEAY 0ol CHifsEhTw 30w, 3 HRARKEIES T
B\, 3HE DICEMEIN S, HHOTRHICIE M3 Bic/RT &5
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g

LY

"f&%v

SRR ER

U o WAk BREN L fn L+ W2 203 WL T30
T, SHOMERICHZ->TR, I5510 T8 Az L »Bigee LTHik
AN E R AR ORI BAK T > %o B AMBHAR
PToEshcdhs,

(1) st

(2) EHpsE

(3) EEERE

(4) BB

(5) BIEEBERAE

(6) OREERAR

(7)) WEERE

(8) WA

(9) BERB

(a) HEHEMHR
(b) FEEEMBIHE
(c) TWEIHS
# 5.1 BHps e

Operation test.

WERE | B R E ?E{‘g%Wg‘g;g’g%“’”%?g!sam#rzﬂgga%mnafm%mztrzﬂ%mz
v v A f S S | cm/s ] cm/s
DC 75 AC 180 0.21 —_ 2.4 — 2.5 -
75 180 — 0.21 — 32 — 2.5
75 220 0.21 — 2.2 — 2.6 —
B 75 220 — 0.21 — 32 —_ 2.6 )
100 200 0.28 o 2.4 - V 2.5 —
100 200 e 0.28 — 32 — |25
125 220 0.36 o 2.3 s 2.6 o
B 125 220 - N 0.36 — 32 ””:“ 2.6
& 5.2 FRIBHERN
Manual operation test.
AN %o o8 woowmo @
st ™ BOKEIE |~y fa Ay
mﬂqﬁ@,\\ heo ? | BlEmE B s e R
i) 2.4 16 1= 2.3 16 i
# 2.2 16 B’ 2.2 16 B

®53 & ERR

Minimum voltage for controlling device.

BN RE GEMRVEIE IC O R SRR TE (ERIEEE©)

Mo~ 7 BV |w sV % BV % 8V

i 38 38 145 145

# 38 38 145 145

RS54 BEHNEBHAEAR

Operation test of earthing device.

T~ moo®m I

s | EREEn | o | men | o
BB ke ke

it 18 B 12 B

& 18 B 12 B

84KV Jsiqu B fiz LoWiss - Bk - M - 8

® 5. 1 FEHRMHRREC 3 BRI

Charging current interruption test of opened circuit brealker.

5.2 3k i % H B
Farthquake test.

(d) Tt
(e) A QD HEL
(f) HisEBIEAR
(g) M onFiebiillE
INLD 5B, BhARBRIC O TEHEEDOHMES D FiC ki~ 3,
5.1 #MmERK
AT OB A X EH - BEm e S S B E R
W52, HEETERCIRIMNT 2 e BEASTHY, L e
BoOESMFHik w3 C &M TE D,
5.2 RERER
THEE & i 2,000 A TEEBESR, 2T o508 o WE LA
R~ TEUKENTH 5 T & ZHER L 7o
5.3 BrEkER GAEAER
iz 10,000 [ BT - B OIS LR A L, WEDOR =T & 2T
L oo EHBHOMEERD. 1, FHEMERBEEE R5. 2
I, REBERBERTES. 3LFT,
5. 4 Ik GREAER
FIRVEBET B (A CGRAAREDIZHEL 2o #iR % 5. 4
ICRte ¥, TEciigk 100 BoBHERES fThv», BEotn
T L RFERL Jzo
5.5 ErEERRER
EEBE JUEEEEC 2TkA =48 2REIRE L CAIRIc By
DHENC & FREEL o
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5.6 MEEMRER

AR, E AR, L« BRESRIE T O Rk
ity 400kV, FiREm 160kV, AL «#% QTR AE T D
ElsEfl ST [FHERRRTC ML 460 kV, B 215kV ic
+oz B & BHEREL o

5.7 mEHE

L+ Wisszkiko SFs iz DT DWW TR, iR BR O Rk
CHENTEFRTD y—1 BB E BT Noovi—oF 4508 TRIIL 5 5
B Ad - o

F, Sohi-z - 2R 9u0 kR EDEREERICOVTHE, 12KH
CEHBET 3 YU TR ME Lice KL, BAE LT
L EE L UTEIE Jafi-2 2L Tw328, B -2 B LU T
s41y REEOBR D TE D, BKITRIER T b OI M
BEREMERIC X BT L LT 5,

5.8 BREEAW RFRR

Ssoqu L+ WiE, TPERE (L e wissbmikie) © RE
DU 7 5 2 ®IC, L« BinElEs w2 28~
WL e BigeREREn 3, HBrEoREEZES. 1iernd. R
CRbIB LS5 C, EEBEMTOMEERS & UERETOHM
B, EETREIC -0 A%ET 5. UL, KTEAIER 84KV
ENNNEST# 04 mA & /NE Wz dic auash OFER, ZOMORRE
Bodbhadoio

5.9 mERER

5 21CRET L5, LeWmmt KBRS e TRET R
WS % 157 - Fro EMBEM TR EFRECR L « Btk e BEX
AW TFORBIC X > TATEFAC SLOFRELET 22, WEHE
T OB -F43EL & T b O THICHLAEMRIEL D
53, ¥z, L <WieBuiaROREIc L TR, Exty 35 Ox—-b
TREHEE O B O (R & BIIED JL-+ I ko THIER 1LY b h T
NBDT, 502 khHE - THREC L +WiRoBEHT <. Mo
FEE, Tt B LCh IR ST A S C & AR S Mo

6. 8 A 77 &
S5y T Az L o Wigsi, Lo Wies - miKER - B3 - B

FIZEER % ¥ OBAER oA TH D, AED LS An I Dn
@HEZHOTW5#,%®%E%FﬁK&# Fe HIC AT B 7z
oCl, FROMBMEENTILERDE.

(1) 583k, Lo Risonifmic #iE LT el s 2 a2 ot
282 BAREE 552, F5512 B H2 L+ Wik EARDIEA T
ik dmx 3m BERECH D,

(2) EBHEHc, RIETETD 5.

(3) BBOXHEH XI55 m BEHIE I,

(4) LRI TR - TCRE X, THONHTOREN b O
X 23847 2,000 mm & {EADT, FHET% T-Dne FICHEREL, b
TR TR KO BRI R T B kR & U, B IO B A
RTE D,

(5) L« WBisgonimic ezt ik, %@m@ﬁ#“%)m
O EREmERT 5 & L,

SEROHEMEE B LCBR X e A2 MERBHFEEEE, &
SRR SRRSO BRI I L Th A D En E WO [EERD D,
| D B FHE A YV REIN DB, F5510 T H2 L Wil
Pk Wk L FBE O M T S0 2R8-2 B ERS T &R
CE DY, TEORBRIEEE L A2 RN & ORI R HE
CIEL S S 0T, RS0 BNZSER, FHICEAZEEDTOM

CHELTWD,

7.6 ¢ U

L e Wismic B LS 3 30 T it aa R e 7o b o, BB
BB OEEL « Wi cEHIN T, FRECD 715717 %
70kV ZICHEEL THEML, 35510 T iz L eWizse LTHIREL,
SO ARSI R 22T | e DC, T OPERAN L L BiEA
ke LT, B AEROSEEY b OBHER A2 L lifkie £ D%
ST, WIS - SRS - BEIERE « 1os—0wo BEHE K
ELTHA DS DT, EEIH/MLO—Hike LT, 2yl
DY S EEEGBROFEHATEINS,

nik, AL« WROERCEEL TG, AERACPEERVRK
W BPEES (k) OBIRE SICE B OB ERT 5 IETH
%,

RPN NPP AN NSO R S e e
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B 3.3 FD-210 78 WG 0B RHE
Block diagram of type FD-210 ultrasonic flaw detector.

P IRICHD () T3 0T, EIEE: L RTAROESILE LT
IR LA T R o S OIS - EEHTE S,
HCHEAT 5 & &1k FDB-210B % Ru5)Rwy, RHTHiHT 3 L
¥ FDP-210B 98 Fo-Tp %% L0 75 AL CTHHT 2,

4 = B M BE

(1) HlgaiEE (NDI 50

25 mm~4.5 m (F590 B onaT- 1 PRI IED . 2K L, E
ik 1,400~6,400 m/s (B4 --150 m/s),

(2) BEERABH

1 ~5MHz (g2 i

(3) Jsvu BEEBOFH

Fiedh 64 mm, WS 80 mm, NDIS fmiss | B &, L2sb A
HER Jsou EiliH

(4) FEFRFK

A 23-7DC 7R, REpFIF.

(5) ey

PRI B8 5 MHz o154, FliE% 14 dB (5 F & 4+ C % 244E STB-
ILV51-1 & 1a- @& % 50% W LEoh s, (PE=FK REJEC-
TION=O0FF),

(6) TPEg: s tEE

PG 2 MEHz o5, kK 10 mm 554534, 5 Mz 08
&, I 5 mm F5E4 0

(7) ek aE

PRI R B 3 2~5 Mz DI B AR, | MHz 045 Cflt, (NDIS-
210166 1L X %),

(8)  RYUEME fdk

64 mm 1 (NDIS-2102-67 i & 3, 1 ~5MHzpy).

(9) IRy Rl i ek

+19%

L, 10 MHz % S5 A g o

(10)  7u7i4-2

0.5dB 2557 ClgA 70 dB T IH# 658

(11) 7t

F50u EHtH 6~100% D13 ‘Df\ i C“‘ﬂx LN B ET] e - b
{7 i 0~500 mm (FH#HEBARAD o 7~ b i 10 mm~500 mm (§j
R IRSD) CRE R

(12) % #

2E-h- (#92 kHz)

(13) Bk

936

— PR T 7o X SRR T

(14 [ERER

TR : FDB-210 B fu7Y fws M GHERIL 6V X6 AD,
A : FDP-210BJ #o—5v I} (AC 100V 1095, 50/60 Hz
#9120 VA),

(15) el IR

FDB-210B I iz ) /iwz L IHCHY 7 HFHIEL L

6) sk

9 220 (H5) > 150 & & ) X 367 (L f7)

an & &

#65kg (FDB-210BJE fwzyfws Z&1)o

5. EEEMTF
BRI, B s X CIRE) T S Bl UOf
BLATWIEEDEWEY, GHObDOEHEL TV, i;ﬂ@f\

JET, Rk don GREFIDGEHR,  FREIG 43-00075, Zofl) &R
JHLTw 370, Hi1a- Dbk ETn 5. RS Lic4ik
DEHER R T T O WA b & oo sk,
I LY BEL T 5,
5. 1 fEgEro—fE25R7T.
F 5. 1 1o BHERS

Standard series of probes.

HETO 0\ &
s (mm) Gk &

® @ ® m | pm® s ;m|wamEml
('tﬁi) 73 (“t?i (‘L’?‘:) ISk ¥ 974
v 7 v 7 v 7 v 7

0.4, 1,2

30¢ - - - I -

MHz

25¢ 1, 2MHz —_— — - - _

2, 3, 5, 10 A& G
20 ¢ 2 5MHz| 2, 5MHz ——— —_
MHz 3.5MHz

104 5, 10 MHz| 2, 5MHz | 2MHz — —— s

020 (A)0~65°
10X — — e — -
2 MHz
I MH-~, 45°
20% 20 — — - 12, 5MHz — —
% 45°, 70°
45°, 70° |(A)0~65°
10% 10 R — —_— —_

2, 5MH:z 2 MH:z

5.1 ZmEEMT

Various probes.
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\““RW r

6. BRFHEOMERR

6.1 ZEH, Toft

(1) FHHEMZFELERE, L HBL v BEEE T 3%
L&, BP0 1dB R, 2E Avz OBENT ouxy- ikt
LT2% HUT, ¥-to-h OBENIMAHEEEC, 2mm LT
5

(2) HEIRREE% —5C~+45°C ¥ CEMLX €7 & & DREE DL
kit 2dB BITH 5,

(3)  oEEOBE r-Ju (MLM ) 1k RG-62/U, EX 2m
EfERG e LTw 328, r—Ju BEIAELL 2 & & OREZ L%
#6.1 6. 1icFt.

# 6.1 B r-Ju 0RIIC XN

Characteristic change depending on probe cable.

P 2MHz, 4 204 D& 5MHz, & 20 OBE
ZE(m) |#& B[R A [ REED R B BE R R o SRS B
(dBY 1% () ifiE  (dB)| (dB) I8 () (dB)
i +2 90 X=30 +2 90 X=36
,,,,, — <=, -
] 2(4HE) 0 100 Y=30 0 100 X=34
X=22, _ =
3 0 103 Y=30 1 105 X==34
X=21, ~ -
B -1 115 Y=30 2 123 X=36
X=20, _ (e
7 —2 120 Y26 3 138 X=38
X=20, -
10 ~-5 150 Y22 ~7 175 X=40

D) EEERS RN OM e X 8 6 mm BRoRMEONRETE S,
i 2) HIERLD MHEOR © Y @M 9 mm BEEORMEONRAETH D,
1 3) EOZERICOCTHEG 1077 7 IKHFEL .

+7 %
N\
N
0 X
i‘% . g\‘\\:—\_\ ‘lz.mz
] ~J
:\T—J : \\\\
& : ~
t?g -5 Mt ~.
i N
-3 LR N
/|
—10 v
0 2 4 6 8 10 12
25 (m)

B 6. 1 I B3k sl
Sensitiveness stability depending on probe cables.

100
70 <
50 i

£J=0FF
30 A

20 /

=
{

Pl
S

ok

xTa-mE (%)

o

N
o

i
15 12 8

B 6.2 HelhE R

Linearity of amplifier.

KB4 FD-21078 « 4558 - )

60 1 2 3 4 5 & 7 8 9 10 11 1
""" Mo

® 6. 3 7 ik 4

Charging characteristic.

o
[o2]
o
OO g
[ts)

(W

Discharging characteristic.

B 6.4 Ty K R

6. 2 MEEIRY

YSrovay iR R 6. 2 1CRT . IIRERET RE]=0 < NDI
1T A > Tw3, K 6. 2 3B E S Mz OF|CTh 5.

UPzovay HT D L, FHERFFEMRICE D 41700008 B
{Irdo TNID/PETHETI- FiHTE B,

6.3 FESMHE, HENHE

FEMER R 6. 3 ICRT. FEEBABG AR T CIEBR K
BT 5, TNLUEREERE (966 V) K TREL T, ¥k, &
MR > KB LT BRI AR B & BT 5, Z ORERE
BRE - BT < CHBIWIC v bo-L N B,

KRERABRBEATRT T8, TLLEBXHT THEELL~DOE
W CEEE) Bav, 6. 3REANELEZDOERRE L ¥
DFEFFE TR 12~ 13 R CHEEATT L T 325, I bhic 161K
R CAEMEF R L. AP Fe—ve 2O HET L EEIWLEER
W66V e, B6. AICHERERRT, Thic ks ey 7 R
B ERHTE 522 5bh 5,

R
FEL F

7. IS ERT

(1) TBEMes

7.2 J5%u BHER
(EPREED R EE)
C. R. T. pattern (resolution).

B 7.1 Jso0 BEEE

(#3# 5 mm, 5 MHz)
C. R. T. pattern (steel plate
5 mm, 5 MHz).
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A T R T R ITIE (2.2)
CTTC Tiaq: et LAGIEIRO BER R

Tor : BERM O 12D R

Ty * FERH O T A b IR

Ty : G UELED E-Fud A

T, 5 LRSI N 51 B3I LEBED E-$o
4 W]

Tua t 2bo=J802 1 X D BEHE UL OMmEE H L T
I o U 7 TR izﬁﬂﬂ’bf?f)é F T OIFH

Tyq 2 V72 EETFIRE s b ARG § TOT BRI

24 ({'ﬁ}‘)f%}‘ H
Tyq ¢ B LA & W 2 BT T T OB LEIT
DRI

Ty @ 7 BHL O LA8 D IR

Ty : FEZBHD Sz 18

Tyr : FIFERDOILTH D R

Ty R TERAIL T - Th b HEHE L RAIR EIRE 25
FCHEALMESBIE R T 5 OIS B

Ty ¢ ASMEEH RIEL Th b vass M IEE 7
% DB B R[]

THDo

2. 1CTp=f (Tuy) THBR, WEmIC L 3FHE» /DXL
BB ESIC Su—y BHRETNIE, FEROI L2 D FREFPICTEE
VIS 2100F 259K T T %0 LaddoT, Tp=Ty/2 LTk
3. ¥, HHLEER SO CELL 2 8E, FiliLREE Ko
e B R gl LEED 21w Fus RifE 5 & DREIC B>2/ts O B
FEabIE, Ty=T, iEflcE s, chbo BHHE e X CD,
(2.2) Edb, YHowa s BOED L SR D

(T’wr

Te= 5

+7§;)+(735+7@f+zyr+7y,>+zgn ...... (2.3

H(2.3) THLIFEEEE LT 18 22yy OREECEFT 5 T
HY, E2mWHEREe LCEOEEOMEEC X » TEEDITH 5.
ZDOHFMDHEIL DN TIEHRT 5,

3' Eaﬁﬁ%ﬁi U‘z 9 w 9(7)(8)(10)(12)

3.1 Ay AR 74LLREET

TEMEHIE JEYTU—v TR O MM, HEOKE, ot %
fED R A I L CETF OB EE U iigic 35 D2 RENIC
HRICH Bo TR 18) -0 T, CORBORH Uk
T EBICES DI —EIC o0 HERSH B, —DIF J251h &
ED 25w02E-R FVEHETEY, b 5—2l hoTubF 2400
Db DTH B hodll 2rus TERERTE, B3 10X5cEE
e DBE YO 2w BEREAT, 2 ROBMEREA RN
ChTHoTE () AL CHIMCHEaL, FHEREIES
YbDTHDe I50723%-A WICLSRT, FTTHECHELTE LD
TUEY 2TV e S FIEAD S, COBOHEFTR, 2RO
i’iﬁfgfﬁi“‘@?ﬁ’é RETORBHMEZEAT 5 KEAERETHY

DEEEOWME I 2HOBOBTFETELY, TOBFE 3. 2

KRLTWS. ZOEE 0.6 mmx0.6 mm DEEOEMSB (FEELR
1500 A, #52 FHLECHBELZ S D) KO TH~ED DT, B
ORIV & 2340 pm BT TR HNERRRECETML TR Y, B
REEENEETH BT L WRENT D, £ DL ¥ DOHNEEMER,

940

AR L T B & L CRIUHETE D b R L e I iZ 5 —
L, FiiEC—BICELL TS Z 2% h— I X » ThEd
WHNTWwD, BORTFER40mm B FIck? &, FHARRRN
W & 7 I b L RIS X ) S RO B D R 3 FE b —

31 R-TFoMHE

Cross section of the memory element.

2.0F

b Xom oy,

£ (mV)

i
-
o

T
X

BhE

0 s, L : L ! 1 3 L i !
0 20 40 60 80 100120 140 160 180 200
BERIZEEE (4m)

3.2 BEREHE:: ®ZBLEESHR

Readout voltage vs. distance between the two films.

fEo M &)

nhvErn “17
Ed

nwekErn 07

e 188um
I ]
T

BRI E N

1 mV Adiv

=
m_,
B 30mA Ay

B33 &Ec ks mE

Disturbance characteristics.
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K31 42923000 B MWK
Electric characteristics of memory stack.

%

% L - A I 400mA
b ok B ID £50 mA
H h 7 E Vs £2mV
OO oW O RW 2.60/144 ¥ » }
T4 P BT R RD 605129 ~ ¥
BlA €~y x Zy 220
B 7 ®m M ta 3ns/128Y ~ ¥

3.4 1T 7 BEORCAIEHE & A MEFIE Foon
Digit noise cancellation transformers and matching
resistances of digit-sense lines.

B35 24aw2 0 #K
Stack construction.

gns”

3.6 BEERMIEILE ATYRZ00 DL
Interconnection between the word drive
circuit and the memory stack.

3.7 hwdLFoaLbATY 2290
Coupled {ilm memory stack.

BCh<{hd, COXSCMFERRESADE, 2PwT MEK
BT BHHOBERMKY, Xbi, MoM{Eo—Elndkhbhs
e, BIRHL OGRS EL L, WHOYR ARG DOR)R
DL, 100um P EDORITE A D &, FEEHRRAE LAY
BHNTLES, DFCYECLE{ TN S M3 37T <
TLERY 6,000 SOl ALz BINE 2% OHIEE Y, gk Lo
BOWIREIEE Wl L7 b OC, HOMF & A KERoTh, W
HICED T NHICREFHCE > & D LA BIfIETTwive LITHE
IJEDRE 2R, PiEodsa LIcHEa AU CchY, Hoirs
PRELS Boh b LYY » CbT 50 id, kL
7o &5 NCHIAL DD o eI LCL E - T B T 2 BIRL
T d,

DEWCHTOH DI DACHEDED X 5 1K PEL 7o

FHHETH CoF Eub B KoWTE, B b oH
b lmm 2, CO CwF COETD oy—7F Bl X UIEom
KSR b, MO~ 7% 0.6 mmx 0.6 mm, 2 DR
TEZ2OmmUHICT B0 e Lk, CORIT & OICEEg - 07
B MRS A DA, O CRINEERA AR D X5 1CR) 5
O, X HICTIME LR B L Cal A 5 am 8, Hi3E % 8 um
M, Vg 12um 5 LAY,

AR, T O ¢ FEALRIC & B BRI A%
AL COSmm & Uks $&, O fioldimomse e
BEEEL, chbr T 354 LC03mm & L,

3.2 XFBURZ Y ZOHRK

LU & AwBl oons B a®Y #TE, 1RO A2 F MLk i
32x36 WHHEL, CTOTH sz & SIBAH O i 32401 b o
T AN I-v BHER L 72e T D Su—u O%HLE, 128564 144 £,
PCHB, INEHHEDLEICED BhtC 7ulf p-7 itk & >
Teo TD AEYIL—u & ARERENT, Tt Su—v AORE FT
BHE 1 oE~dun D 250 =T CHSE L 2. 32 3. 11X 2202 O
T DHKIFEER R U2 b DTH B, 1T oo n Ciing
LT AWE 3. SR T LS KRR E D D, © T #UE
WHE bR BE VDU T, D% J%o2 CHcE EHIT &
S5 L7cs FHDFIRICDOWTH R 3. S i ko, Wil
JEC LI 30 2, i (128%8) % 150 Fouatog 8 %))
WTHHBICE [ Z L7, € X5 ICIIC ZEHIC 3D 221 B T & iC
XY, 2305 BIOEME KE U CEEBEINEE % P 2avo i &

DO oNd L5 Lk, CRICX Y BEEF O 125h 2 L,
WO % G o 7. B 3. 613 FEBETIEES % #6872 g 5%
LzdD<cHy, H3. 71 2200 OHBEERLEZLDTH B,

4 B 3| B

4.1 FEHEE
FREEMHEIERG, 1283B% 1 Hifie L, 8 x16 @ psudaz 2bys

ETRIEA hoduf oqne T OREE - BIS - 80 - /NS - THE - 555 - iR 941






iyl

5.2 16KB nuduloae SoiEEERE
16 KB coupled film memory.

= 5.1 T
Delay time.

Twr Tsn Taa Tny Tar Tar
!
30ns 30 ns 8ns 30ns 15ns 15 ns !
]
200 ]
SR
pae V3 x T,
o 2004 /x/
X
s 150 - /
- x T
100 -
50 -
0 ' : , ,
0 256 512 1,024
8

5.3 Hifeyr1ouatso MR
Relation between the number of words
and the cycle time.

{

o

HELTw3, EHT 2EEED vazs Widd, MELekopEl

R
AREEMCT BT L, FHCIHBKOBE I E 2550 O Pl DD 1ot—

A2 BHTLFT DL, RBLAL OEBERE 9127 KT 5T
EHRER, ThEAELTHLOEHTH L. ThbeEbiCHE
THLLREY, 9100814 220ns THARFICHIELS 2 DL
Eibhb,

TOEARA 6 BEERIC toudiza vhuoz BERIL, Ebhlkch
2200 ICEFE L CRMIC X2 B2 T &, SHULRICEHED
BEH BRI A e b n Eic XV #980 ns b i, 5. 2
REBOHBEEZRL 2D DTH 5,

5.2 RBERBrV¥IsLS a0EIF

£5. 1 EHELAEBER @R T2 E ¢k~ T Lo Twr
Tar, T k2w CTHEL S DTH Y, ®5. 3 0 FHOMBII,
AR (B0 & Ty OBBZERLABRE TR LAY DTS 5,
=5 1 OEFHEARICEIZE L PBIRE T, BE—ETHBT
Lrb, FBREAEE Yr1oua1s OBNRIEES. 3 0 LHofiio X

SICITITEMBIRRIC 2 5 T & 23bd B,
6. & F

HoIWR 2406 16 KB 4892800 % M- CERRIEHEZHIEL,
EMTE A e R T 2 BB LT AL L DR B, Thick
5

(1) hoduf oane WHEFERIHTLE 0, 2KROBMR
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Properties of zinc-plated steel.
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General transition of temperature of out-side and
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Effect of “AIR”-ing.
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Constitution of “AIR”-ing apparatus.

W, Fa-tol MK KKIETHET 274 » © AL #3 {EES 5~
Yo KWIRT TH B, ¥z, FEEHT $a—on WHEHERR 2 —16°C
BENTCR? P LbNIBER, FAREETHF22D
KSR HROMEERE R 2 b H 5,

4.5.2 fpECHIELR

4. 10 1T auduwtaset OHEHERL, 4. 11 i s i
E%ETFTo Yobwbale REBEEDOI TR DO DT, 212
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